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1500° C furnace was specially designed to fire 
these new substrates. The relatively low tem
perature results in smooth substrate surtaces 
for practically fault-free thin film bonding. 

Electron micrographs show 
the great difference in grain 
size between new ceramic 
material (lower) and the 
previous material (upper). 

Thin film integrated circuit shown here is part 
of a resistor network. It is one of many that 
benefit from the improved substrate. Metal 
leads on sides are bonded by thermocompres
sion to tantalum nitride resistor film. 

Smoothing the way for 
Aluminum oxide, or alumina, is con

sidered to have the best combination of 
properties for thin film circuit substrates. 
Until recently, however, the bonding of 
metal elements to gold-coated tantalum 
nitride resistor film on alumina was some
what unpredictable. 

Now, an advance at Western Electric 
has made it possible to get practically 
fault-free bonding of these materials. 

This new perfection in bonding 
came through the development of finer 
grained alumina substrates. 

The process has four basic steps: 
milling, casting, punching and firing. 

During milling, alumina is combined 
with magnesium oxide, trichlorethylene, 
ethanol and a unique deftocculant. For 
24 hours, this mixture is rotated in a ball 
mill. In a second 24-hour period, plasti
cizers and a binder are incJuded. 

The deflocculant plays a major role 
by dissipating the attraction forces that 
exist between the highly active alumina 
particles. This prevents thickening, which 
would ordinarily make an active alumina 
mixture unworkable. 

The 48 hours of milling is followed 
by casting. When the material comes off 
the casting line, it is in the form of a flexi
ble polymer/alumina tape, dry enough 
to be cut into easily handled sections. 

After casting, a punch press cuts the 
material into the desired rectangles or 

rfect thin film bondinge 
other shapes. Holes can be punched at 
the same time . 

Finally, because of the use of active 
alumina, the material is fired at an unusu
ally low temperature which results in 
smooth substrate surfaces for reliable 
thin film bonding. The finished substrate 
is then ready for the various processes of 
thin film circuit production. 

In developing this new process, en
gineers at Western Electric's Engineering 
Research Center worked together with 
engineers at the Allentown plant. 

Conclusion: This new way to pro
duce substrates is a truly significant con
tribution for thin film circuit production. 

The ultimate gain from this smoother 
substrate is for communications itself. 
For through the achievement of nearly 
perfect bonding of metal leads to tanta
lum nitride, thin films can be produced 
with even greater reliability and economy. 

We make things that bring people closer. 
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which is one ve good reason for 
considering Atlantic Richfield for your career.. 

It's energy that has created and maintains the fabric 
of today's civilization. That's basic. 

But getting and using energy has also created some 
very large and basic problems: air pollution, ecological 
disruption, resources depletion-to name a few of 
the obvious ones. 

Now, new answers must be found to developing and 
utilizing energy-and its by-products-if we are to 
maintain our energy-based standards of living. 

We want the best brains we can find to help us arrive 
at these answers. We want people sensitive to the 
human and natural environment-and realistic enough 
to know that preserving both must come from tough, 
inteiligent, dedicated work ... backed by outstanding 
resources in capital, research and experience, 
such as those of Atlantic Richfield. 

If tackling such large-scale, significant problems is 
one of your criteria in selecting a job, join us. We can 
offer you a career rich in challenge, rich in meaningful 
work, rich in personal reward. 

We typically offer opportunities to engineers, 
accountants, financial analysts, auditors, geologists, 
geophysicists, sales representatives and programmers. 

See our representative on campus or your 
Placement Director. 

ON CAMPUS iNTERVIEWS 
NOVEMBER 6 & 7 

AtlanticRichfieldCompany 
An equal opportunity employer, M/F. 
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ADM is, admittedly, a big company. 

We're in FORTUNE'S 500, post over 
$:850 million in sales annually, and have 
80 foreign and domestic plants and 
offices. However, our big size is a small 
part of our story. 

With our involvement in refined oils, 
soy protein products, commodity trading 
and logistics systems, ADM is helping 
to solve domestic and world food supply 
problems. And we need imaginative, 
innovative, creative individuals to join 
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us in our efforts. ADM offers you the 
opportunity to find yourself as an 
individual and as a professional in an 
environment of unlimited growth 
potential in the areas of production 
engineering and merchandising. 

If we sound like your kind of 
company, send your resume to 
Manager of Employment, or contact 
your placement office to arrange 
a campus interview. It could lead to 
a whale of an opportunity. 

ARCHER DANIELS MIDLAND COMPANY/ Decatur, Illinois 62525 
An Equal Opportunity Employer 
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The ech olog Editorial Page(s) 

The read it and weep department. 

he Electric liderule 
echnolog Survey of 

Pocket- izeet 
cientific alculators 

Want to buy a calculator? The Technolog 

has made an extensive survey of all the elec

tronic pocket-sized scientific calculators that 

would be practical for you to buy. 

ydrogen-Towards a 
Powered F u t u r e by Paul Burtness 

Just what are metal hydrides? They are 

chemicals which allow hydrogen to be stored 

safely for use as a fuel. Before long, hydrogen 

stored in metal hydrides may be the most 

widely used fuel in the world. 

he Politics of 
ass Transit by James M. Young 

The technology needed to build a mass 

transit system in the Twin Cities is already 

available, but we are only prepared to use the 

transit ideas of the 19th century. Can such 

ideas solve the problems of the 21st? 

fter in-lizzie 
Ever drive a vehicle with a reciprocating, 

petroleum powered engine? If so, you won't for 

much longer! 

COVER DESIGN BY KATHY lOTHSPEICH 
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or u It 

We have a problem with these pages. We have to 
say something on them. The problem is not so much 
what to say, but how to say it. 

The backbone of any responsible publication lays 
somewhere between the table of contents and the last 
advertisement on the editorial page. It is no accident 
that the newspapers and magazines with the strongest 
editorial pages are generally considered the leaders and 
spokesmen in their fields. The papers with the weakest 
editorial pages usually have nothing to say at all. even 
in their regular stories. With this realization. the editors 
of the Technolog desire a strong, responsible presenta
tion on the editorial page. 

In the "real world" a magazine. simply by being in 
business. sets itself up as an authority on something. It 
speaks with a greater weight than an ordinary person 
because of an often imaginary pedestal from which 
they address the public. This pedestaL or soapbox. is 
usually labeled as "expertise." 

In a college publication like the Minnesota Techno
log, the editors. like the audience. are students. In oth
er words. we are your peers. It seems to be a strange 
tradition among American college students to ignore, 
deride or ridicule their own publications. probably be
cause of this peer group situation. Any soapbox con
structed by a student publication is usually well within 
the range of any thoughtful or vengeful student. 

So the only claim to expertise that we will make will 
be due to hard work and research. Whether you agree 
or disagree with what you read in this year's Techno
log. you may rely on one thing; that the reporting will 
be as accurate as possible. While other publications. 
student or otherwise. may imagine facts. make up 
quotes or use the excuse of "interpretive reporting" for 
little more than propaganda purposes, there will be no 
guesswork in this year's Technolog. We will get it 
straight and so will you. 

As to form. your magazine ought to continue as a 
responsible voice in the I.T. community. It also ought 
to be interesting. easy to read and hopefully remem
bered. So instead of a tome-like presentation on our 
editorial page, we hope to be responsible by being irre
sponsible. irreverent and perhaps interesting. Please 
bear with us. 
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By all accounts this is the damndest magazine you 

ever saw. And if you saw our bank accounts you'd 
know how damned we really are. 

Our vast reservoir of funds. accumulated through the 
1946-1968 (post World War II - pre Richard-Nixon) 

years has been steadily drying up. But in the last two 
years, somebody apparently pulled the plug. All we 
have left to run the magazine at this point is a shoe
string and a bathtub ring. We tried to hock the bathtub 
ring, but the pawnbroker wouldn't take it. 

And printing is getting more expensive all the time. 
We are going to print an I.O.U. on the front cover but 
we couldn't afford to buy the ink. Environmentalists 
will be happy to learn that this issue of the Technolog 
is printed on 100 percent recycled paper, which was 
taken from every john in I.T.. C. L.A., and the half of the 
St. Paul campus that uses indoor toilets. The staples 
for this magazine were tapped from wiring in various 
E.E. classrooms and bent into shape by hand. So for 
this year's E.E. classes you have an excuse for being in 
the dark. 

Despite our poverty we will struggle on. Instead of 
our regular reporting, we have a special feature this 
month - a reprint of the entire works of the worlds 
greatest thinkers; people like Henry Miller, John Foster 
Dulles. Ms. Martha Mitchell and other highlights of the 
intellectual circuit. For a light touch we have included 
Selected Off-Color Stories of Albert Einstein. Note that 
every selection is on the required reading list of at 
least two of your courses. 

In doing this we are taking revolutionary steps. So 
as not to incur an unburdenable expense. we are pres
enting these works in the form of a microdot which 
appears on the bottom of this page. For you to gain 
access to these treasures we are supplying an electron 
microscope for your use. located in the Technolog of
fice, Room 2 M.E .. To get a glance at the works, you 
will have to be charged a nominal fee -25¢- to cov
er the cost of the machine operator. To get a photostat 
of the contents of the dot. so you can read it. we also 
have to charge you a nominal fee- $4.515.77. Nor
mally that price would be far higher. but since we are 
a non-profit organization we can offer you this service 
at a slightly higher, but still ridiculous price. Didn't we 
tell you that printing is getting more expensive? 

Minnesota Technolog 



Flash 

The Technolog, for the first time in its history, pre

sents a series of newspaper clippings for the express 
purpose - or as it were, the Tribune purpose - of 
enlightening its readers with the immense historical 
events taking place out there in the real world beyond 
University Avenue and Oak Street. The editors feel cer
tain that these articles will form the framework of new 
visions within the old-style conceptual framework of 
understanding media, the world, and the cultural etce
tera of the matter. 

PARTY PLANNED 

St. Paul Banana Boat Bugle, 31 September 1973. 
The Minnesota Chapter of the Society of Really 

Dedicated Industrial Diabetics (SORDID) will be hold
ing a Halloween insulin party at Folwell Hall sometime 
in late October. 

NEW FOOD DEVELOPMENT 

The New York Pioneer Press, 18 September 1973 
The MacRonalds Corporation announced today that 

the company will convert to an all-beef substitute pro
gram in their hamburger division by 197 6. Although a 
company representative, Mayer Cheze, says he person
ally investigated the new Soylent Brown food substi
tute, company management directors rejected this 
product. According to Chairman of the Board Melvin 
Lard, MacRonalds will be using a team of Sanitation 
Engineers to develop its own new meat substitute. 

TWIN CITIES MASS TRANSIT 

Minneapolis Scar, 1 6 September 1 973 
Riders are the key to the success of any transit sys

tem. Rail transit is predicted to attract 2.5 percent of 
all lungfish in the Twin Cities area. These lungfish are 
expected to take over all mass transit by the year 
2000. The Nixon administration has stated repeatedly, 
"We not only do not believe in lungfish, we will not 
dignify them with being defined as even a menace. 
This statement has been opposed by sever a I well
known officials, however. 

Robert Pirro & James M. Young 
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Tee nolog's nn 
Science Fiction 

Contests 
Deadline; December 1 
No Subject Limitations. 

al 
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. 



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 ~ 
j;t©~~w 
Clay A1anufacturing Company 

Post Office Box o, Pimburg, Kansas 66762 



APPLIED PHYSICS LABORATORY 

APl is a laboratory dedicated exch.11sive~y to research development. Engineering, weapons systems. 
space, urban transportation, geo~ogicam physics, air traffic control. ponution. and medical physics are 
some of the areas studied. 

APl is a division of John Hopkins University. Bt has a total staff of 2,500, of whom 1,200 are profes
sional scientists and engineers. The main gaboratory is Bocated on a 355 <i!lcre site wmthin e<illsy commuting 
distance of Washington, D.C. and Ba~timore. Md. 
The scope of activity at APL inch.lldes: Applied Resea~rch Research and Devemopment 

Systems Evah.!!ation 

TRAINING PROGRAM 

If you have a bachelors or masters degree, you are enrolmed in a three month traJining program taught 
by laboratory personnel. This program serves as a Sink between your college work and activities at APL. 
You are then assigned to a group at the aaboratory that best suits your interests. 

To best assess ym.llr future at A.Pl, sign up for «m interview on November 1. 1973. You can sign up in 
the B.T. Placement Office. If you are unable to attend an interview on November 11, writl!'l! to: 

!!!I 
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William H. Nord 
Pelii'sonnel Representative 
Applied Physics laboratory 
John Hopkins University 
8621 Georgia AvenMe 
Silver Spring, Maryland 2091 0 

Your FREE Asphalt Institute Library a II I 
GINEERING • RESEARCH • EDUCATION 

Now? Yes, now. Our informative literature 
can start filling you in right away on 

know-how you'll need when you go into 
highway, airfield runway, or other 

pavement construction. The unique 
advantages of Full-Depth(§: Asphalt 
pavement make it more and more in 
demand by states, counties, cities, even 

worldwide. So demand grows, too, for the civil 
engineer who's well-grounded in fundamentals of 

Asphalt pavement design and technology. It's 
your future and our free library is good for it. 

Send the coupon. Like today. 

Offer open to 
civil engineering 
students and professors 

I 
I 
I 
I 

THE ASPHAlT INSTITUTE 1 
College Park, Maryland 20740 1 

Gentlemen: Please send me I 
your FREE library on Asphalt I 
Construction and Technology. I 
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Name 

Class or Rank 

School 

Address 

City 

State Zip 



LT. students are stereotyped. A 
part of the picture includes a slide
rule dangling from their belts. 
This year it might be more fitting 
to picture them with a pocket cal
culator, the latest item in fall 
fashions. Although they have been 
on the market for barely two 
years, calculator sales could hit as 
high as 7 million machines by the 
end of 1973. Roughly 2.5 million 
were sold in 1972. Included in 
these figures are several thousand 
highly sophisticated scientific cal
culators intended for use by engi
neers and scientists. 

Presently there are nine pocket 
sized calculator models manufac
tured by seven different compa
nies aiming for the science and 
engineering market. As a consum
er service, the Technolog has 
made a comprehensive survey of 
these calculators. 

In choosing the models to re-
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view, all four-function machines 
were eliminated. These are calcu
lators that do only adding, sub
tracting, multiplying, dividing and 
may have a memory or percent 
key. Although four-function ma
chines are an improvement over a 
sliderule and even though they 
should be considered as a possibil
ity when purchasing a calculator, 
a thorough job of reviewing the 
100 or so models currently on the 
market is next to impossible. 
Therefore only calculators with 
special functions aimed at the 
engineer or scientist are included 
in this survey. 

Also, the more expensive mod
els which do nothing more than 
the ones we review have been 
eliminated. For example, the 
Compucorp model is slightly larg
er in size than the HP-45 we re
view, it has no more functions 
than the 45, yet costs several 

Technolo 

hundred dollars more. 
The major problem in trying to 

use a calculator instead of a slide
rule is having it accepted for use 
on tests. Last year in most Uni
versity freshman engineering 
physics classes their use was pro
hibited. However, instructors who 
do prohibit them usually deem
phasize calculations on their tests 
by either asking for simple calcu
lations that you can do in your 
head, or by having you give a 
general algebraic solution. This 
seems reasonable considering the 
disadvantage of students who do 
not own a calculator. Still, the 
total outlawing of their use would 
be contrary to the aims of the 
Institute of Technology which are 
to encourage technological ad
vances and to train future engi
neers in conditions similar to the 
world that they will be working 
in. It is foreseeable that a calcula-

of Poe et- ized 
Calc lators 

rvey 
cientific 

Minnesota Technolog 
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tor could be considered a prerequi
site to certain classes and some
day perhaps even an I.T. entrance 
requirement. One electrical engi
neering professor has strongly 
urged members of his class to 
purchase a well known $300 cal
culator. This is reasonable consid
ering that this is less than a 
quarter's tuition with the cheapest 
of calculators (around $50) costing 
little more than two textbooks. 

Can a calculator buy you good 
grades? It can, but most people 
can see that it most likely would 
not. A calculator could give you a 
time advantage on a test, but as 
soon as the majority of people 
taking tests have calculators the 
advantage disappears. The true 
value of a calculator shows up in 
doing labs and homework prob
lems. Labs typically have numer
ous calculations based on long 
lists of data. With the added effi
ciency a calculator provides, you 
can do more practice homework 
problems and get a better grasp of 
the material. Using a sliderule, 
when you get to the end of a 
problem and have the wrong an
swer, the tendency is to call it a 
sliderule error rather than go back 
and analyze what you did wrong. 
A calculator makes such work 
quite painless even though it will 
not find the difficulty for you. 
This poses a dilemma for some 
instructors - whether or not to 
assign more homework problems 

October-1973 

with more involved calculations. 
Two advances in technology 

that have allowed pocket sized 
calculators to be built are minia
turized display systems and inte
grated circuit chips. The most 
popular read-out displays are the 
light emitting diode (LED) dis
plays and liquid crystal. Previous
ly only cumbersome mechanical 
displays or large, power consum
ing nixie tube displays were 
available but were out of the 
question for use in a small calcu
lator because of their size and 
power consumption. Liquid crystal 
displays become brighter and 
brighter with more and more light 
shining on them. Therefore they 
are ideal for use in bright light, 
and in dim light manufacturers 
usually put on auxiliary bulbs to 
illuminate the display. 

Integrated circuits were devel
oped in the early 1950s. They are 
small silicon chips with many 
microscopically thin layers depos
ited on them. These layers have 
characteristics similar to many 
thousands of transistors. By ar
ranging the transistors in correct 
order, many flip-flop circuits can 
be made which can represent on
off, true and false or one-zero. 
Because it can represent true or 
false, a logic pattern can be built 
up to create logic paths. The most 
common logical gates are the and 
and or gates plus an inverter cir
cuit. When an inverter circuit's 

input terminal is at a high vol
tage level, its output voltage is 
low, and vice versa. On the other 
hand, the or gate is so construct
ed that it can have two or more 
inputs, and have a high output 
even if just one of the inputs is 
high. If all inputs are low then 
the output is low . 

The and gate must have all 
inputs high in order for the out
put to be high. In terms of basic 
logic, the inverter will always act 
like a negation of a statement, 
making a true statement false 
and rendering the false, true. The 
and and or gates closely follow 
the meanings of and and or in 
the English language and in basic 
logic . 

Networks of logical gates can 
be formed by connecting outputs 
of some logical gates to inputs of 
others. For instance, in the draw
ing (see Fig. 1) where A is con
nected into both an inverter and 
an and gate, B is connected into 
the and gate and the outputs A 
and B are connected into an or 
gate, the network is at a high 
voltage level if the sentence A V 
(A & B) (read negation A or both 
A and B) is true, and the network 
is at a low voltage level if that 
sentence is false. Designers must 
be quite careful to keep things 
logically correct while efficiently 
minimizing cost and power con
sumption. The logical phrase -A V 
(A & B) is poor since the sentence 
-A V B is logically equivalent and 
would provide for a simpler cir
cuit. After the basic logic circuits 
are drawn out they are translated 
into large diagrams that look sim
ilar to printed circuits. These dia
grams eventually comprise the 
layers of the integrated circuit 
chips. 

Two of the nine models we 
found are not expected to be on 
the market until late this fall or 
early next year. One of these, the 
Rapid Data model, looks quite 
promising. It will sell for $229 
and can perform all the trig func
tions. Bowmar has a similar one 
in the works though at this time 
(October) they have provided no 
further information. So, if you're 
willing to wait for a couple of 
months you could buy one. 

Among the other seven models 
that you can purchase now are 
the Texas Instruments SR-10, sell-
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ing for $119.95 plus tax. One fea
ture that makes it many times 
better than a four-function ma
chine is its scientific notation 
capability. It will display an eight 
place number multiplied by 10 
raised to the 99th or the -99th. 
The scientific notation is quite 
convenient because it allows you 
to do large and small numbers 
without scaling. Scaling is com
monly used with sliderules and 
involves converting all numbers 
into scientific notation and then 
adding and subtracting the expo
nents. Since most physical con
stants are smaller than 10 to the 
99th and larger than 10 to the 
-99th, this range provides for 
much flexibility. 

Texas Instruments advertising 
deserves first place for stretching 
the truth. In their advertisement 
they say, (( . . . using simple 
methods, you can calculate tran
scendental functions, nth powers 
and roots and more." It is true 
that you can calculate these items 
but not by simple methods. For 
example, to figure the sine of 30 
you must press 38 buttons and 
reenter a number once. The twen
ty page booklet 'they provide with 
the machine to explain these sim
ple methods is interesting to read 
because they have collected many 
approximation techniques in one 

Hewlett-Packard HP-35 
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place. 
The SR-1 0 has an LED display 

which works quite well indoors. In 
sunlight, such as in a car or next 
to a window in an airplane, the 
display becomes hard to read. 
This is true of all other calcula
tors with LED displays. Three 
special function keys (square root, 
square and inverse) assist greatly 
in calculation. Another important 
feature is a floating decimal point. 
This allows you to enter numbers 
in any format and have answers 
come out displayed with the most 
significant digits. Power to run it 
comes either from AC house cur
rent or from a nickel-cadmium 
battery that can be recharged in 
three hours and which runs for 
six hours. It is important to check 
on this since some calculators use 
only non-rechargeable flashlight 
batteries and will not run off 
household current. 

Most manufacturers run tests of 
all their chips before selling them. 
If trouble occurs on the SR-10, 
repair is available through TI 
Consumer Facilities, and is free 
during a one year warranty peri
od. However, it is generally true 
of all integrated circuits that the 
mechanical body of the calculator 
has a higher chance of causing 
problems than the chip itself. 

For people who like to build 

Columbia S 

kits, MITS, Inc. has a model 150 
listing for $99.95 that does 
square-roots, squares and recipro
cals like the SR-10. Unlike the 
SR-10 it does not have scientific 
notation but it does have memory 
and percentage keys. It also offers 
both floating and fixed decimal 
point keys which are useful when 
working in dollars and cents. Like 
the SR-10 it has what is called 
algebraic logic. Algebraic logic 
allows you to enter your calcula
tions as you would write them 
down. If you wanted to multiply 
three times four you would press 
the 3, X, and 4 buttons in that 
order. Keys for such functions as 
square roots operate on the num
ber being displayed so that you 
do not need to reenter it. The cal
culator's memory allows you to 
store a number to avoid arranging 
all your calculations in a chain. It 
also has an eight place LED dis
play and a one year warranty on 
parts. As far as service goes, since 
you are building it yourself they 
expect that you will service it 
yourself. 

Another machine, the Panasonic 
860, does square roots, has an 
automatic constant key and a pi 
key. A constant key differs from a 
memory key in that it cannot do 
calculations unrelated to the 
number being used as a constant. 

Texas Instruments Sr-10 
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At $149 it is quite a steep price 
to pay for a pi key. It would be 
cheaper to use the old sliderule 
trick of dividing 355/113. 

The Columbia Scientific Calcu
lator, marketed by a large mail
order house, has algebraic logic 
and a square root key. If you can 
do without the scientific notation 
of the SR-10 this offers an out
standing value for the same price 
($119.95) because it also has a 
square and reciprocal key, plus a 
memory and percentage key, and 
offers the ability to have an auto
matic round-off or round-down, 0 
to 5 places. An automatic switch 
turns off the calculator if the dis
play is inactive for more than 15 
seconds. 

Hewlett-Packard manufactures 
three different calculator models. 
However, you must pay dearly if 
you want to own the Rolls-Royce 
of pocket computers. The HP-45 
and the HP-80 cost $395 plus tax 
and the HP-35 was recently low
ered to $295. 

The HP-35 was introduced in 
the spring of 1972. It was the 
first calculator with special func
tions and it broke the five 
hundred dollar price barrier. In 
writing this article it is hard not 
to be biased towards the Hewlett
Packard line. As far as number of 
functions goes, they have left 

Hewlett-Packard HP-45 
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their competition far behind. So 
far no competitor has been able to 
come close to matching the Hew
lett-Packard in price and size. In 
fairness to their rivals it can be 
argued that what the HPs offer is 
not really necessary. As one per
son with a four-function machine 
mentioned, the HP is just a walk
ing math table in comparison to a 
four-function machine. 

The HP-35 offers the buyer 
function keys that can do logs, 
natural logs, e to the x, square 
roots, all trig functions, inverses, 
x raised to any power, and has a 
10 digit, 200 decade scientific no
tation LED display, allowing a 10 
to the 99th to 10 to the -99th 
range. Not only does it have a 
memory, but it has a four register 
operational memory stack. This 
along with Polish notation allows 
you to do complex scientific calcu
lations with maximum speed and 
efficiency. Reverse Polish notation 
(Polish notation for short) is a 
way of writing down mathemati
cal expressions so that you are 
operating between two memory 
registers. The Hewlett-Packard 
has an operational memory stack 
of four-registers, named x, y, z 
and t. When you push a two ar
gument function key like addition, 
subtraction, multiplication or divi
sion, the calculator will perform 

MITS 150 (kit) 

that function between the x and y 
registers, that is, (f (x,y)=x+y). It 
will display the answer in the x 
register and automatically roll 
down the numbers in the top reg
isters so that you can continue 
performing one or two argument 
functions on your numbers. At 
any time you can enter new 
numbers into the operational 
stack and even juggle them 
around. This means that if you 
have a problem like ( (x+y) 1 
(z+t) + (r-z/r) you can keep the 
intermediate results in the upper 
registers and they will automati
cally roll down when you need 
them. Contrary to what some 
manufacturers state, Polish nota
tion is easier to use on scientific 
calculators with many functions. 
Canon and the makers of K & E 
sliderules have a desk top model 
that has many of the same func
tions though they use algebraic 
logic which makes the machine 
less flexible to operate. Of course 
in the case of two register ma
chines like the SR-10 it makes 
little difference if it has Polish or 
algebraic notation. In such a case 
it's really a matter of personal 
preference. 

In the fall of 1972, HP-35 own
ers received a letter explaining 
that some idiosyncrasies had been 
discovered in their machines. The 

Panasonic 860 
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A Comparison of the Poe et Computers 
Price: 
Delivery Time: 
Size (inches): 
Weight: 
Power: 

Warranty: 
Logic: 
Memory: 

Display: 

Price: 
Delivery Time: 
Size (inches}: 
Weight: 
Power: 

Warranty: 
Logic: 
Memory: 

Display: 

HP-35 
$295 
1-2 weeks 
5.8x3.2x 1.3 
9 oz. 
AC/DC 
nicad bat. 
one year 
Rev. Polish 
one+ four 
in stack 
LED 10 place 

200 decade 

HP-45 
$395 
12 weeks 
5.8x3.2x 1.3 
9 oz. 
AC/DC 
nicad bat. 
one year 
Rev. Polish 
nine+ one+ 
four in stack 
LED 10 place 

200 decade 

errors were slight and cropped up 
only in certain numbers like tak
ing the arc sine of .0002. If you 
would take the arc sine of 
. 000200001 you would get a cor
rect answer. In most cases the 

Hewlett-Packard HP-80 
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Panasonic 860 HP-80 
$149 $395 
in stock 5 weeks 

5.8x3.2x1.3 
18 oz. 9 oz. 
AC/DC AC/DC 
nicad bat. nicad bat. 
one year one year 
Algebraic Rev. Polish 
constant one+ four 

in stack 
LED 8 place LED 10 place 

200 decade 

TISR-10 Columbia S 
$119.95 $119.95 
in stock 2 weeks 
3.3x6.7 3x5.6x1.3 

9 oz. 
AC/DC AC/DC 
nicad bat. nicad bat. 
one year one year 
Algebraic Algebraic 
none one 

LED 8 place LED 8 place 

200 decade 

errors were from one-hundreth of 
one percent to a maximum of one 
percent. Free replacement chips 
were put in all old HP-35s upon 
request of the owners . 

A year after the introduction of 
the HP-35, Hewlett-Packard pro
duced a machine similar to the 
HP-35 but totally geared for busi
ness operations, the HP-80. The 
HP-80 retained the scientific nota
tion, memory, square root, and x 
to a power functions of the HP-35, 
and added new features for busi
nessmen like automatically find
ing the number of days between 
any two dates. It can also com
pute trend lines by the least
squares linear regression meth
od, and set up amortization sched
ules using the sum of the digits 
method. The HP-80 has several 
specialized functions for figuring 
out complicated interest problems. 
The percent key is really unique 
because it offers a delta percent 
function to figure percentage dif
ference between two values. 

In June of 1973 Hewlett-Pack
ard announced the HP-45. To give 
it more functions than the HP-35, 
one key was made into an upper 
case key, similar to a typewri t
er's, allowing each key to serve 

MITS 150 
$99.95 (kit} 
2 weeks 
5.8x3.3x 1.5 

AC/DC 
AC opt. 
one year 
Algebraic 
one 

LED 8 place 

Data is not available yet 

on the Rapid Data & Bowmar 

two purposes. The HP-45 does 
everything that the HP-35 does 
plus automatic degree conversions, 
automatic metric conversions, per
cent and delta percent, mean and 
standard deviation, factorials, rec
tangular to polar coordinate con
versions, vector addition, and 
fixed or floating point arithmetic. 
Instead of having only one memo
ry location, the HP-45 has nine 
addressable memory spots for stor
ing intermediate results, and a 
memory spot that remembers 
what was in the x register last. 
Like the HP-35 it has a pi key 
and an LED display. At present it 
takes about 12 weeks to receive 
one. 

Service on the Hewlett-Packards 
is available directly through ·sev
eral national repair firms. The 
major things that have needed 
repair have been mechanical 
items such as power cords. 

What does the future hold? It 
seems perfectly feasible that in a 
couple of years students will be 
carrying around Fortran pro
grammable machines, and pocket 
sized computers will be as com
mon as slide rules are now. When 
we reach that point, who knows 
what will come next? 
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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. 



here is only so much oil on 
this planet, a fact that is 

obvious upon a moment's reflec
tion. But it is also a fact which 
seems to be casually disregarded 
during rush hour when thousands 
of cars pour out of the downtown 
areas, burning up years of stored 
solar energy as their fuel in a 
matter of hours. Oil companies 
and Arab sheiks may not be help
ing our energy crisis any, but the 
roots of our fuel problems lie in 
depending on a rapidly dwindling 
power source that once used can 
never be recovered and further
more, degrades the environment 
when it is used. 

Even though mass transit sys- by Paul Burtness 
terns relying on centralized 
sources of electric power may re-
lieve some of the demand for pe-
troleum, there will be a long-term 
need for some sort of compact, 
portable source of energy for 
ground vehicles. And despite the 
enthusiastic claims of electric car 
proponents, the best - in terms 
of compactness, price and feasibili
ty - source of energy seems to 
be some sort of oxidizable fuel. 

To a growing number of scien
tists, the resolution of the dilem
ma between reliance on oxidizable 
fuels and a finite supply of those 
fuels is to change from a ((petrole
um economy" to a ~~hydrogen 

economy" in which hydrogen 
would be both a versatile, pollu
tion-free fuel and an efficient, 

16 

economic means to transport ener
gy from one spot to another. The 
Hhydrogen economists" have taken 
into account all the logical para
meters, such as availability, com
patability with present energy-use 
systems and environmental im
pact, and have produced convinc
ing reports on how industrialized 
nations can make the transition 
from petroleum gluttony to a hy
drogen-powered future. (See Sci
ence, 29 June 1973 or Scientific 
American, January 1973.) Of 

course there is an ((illogical" para
meter that is more difficult to 
take into account, that being the 
inertia of an industrial economy 
spoon-fed on oil during its infancy 
and now thriving on petroleum 
with a voracious appetite. 

The beauty of the hydrogen 
economy lies in the properties of 
the gas that make it an almost 
ideal fuel. Hydrogen is as abun
dant as seawater, can produce 
heat, electricity, is used in many 
industrial processes, and is per-
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fectly recyclable. Burning hydro
gen with oxygen produces only 
water vapor. Combustion with air 
at high temperatures, as in an 
internal combustion engine, also 
produces small amounts of nitrous 
oxides, which are hazardous pollu
tants. Utilizing hydrogen in a fuel 
cell leaves only water vapor. W a
ter vapor released to the atmo
sphere eventually finds its way 
back to the ocean where the hy
drogen originated, thus completing 
the cycle. 

In a sense, we are currently 
recycling the carbon that was 
locked in the earth by burning 
coal and oil. But this carbon won't 
be available as a fuel for another 
hundred million years or so, if at 
all, whereas the hydrogen recy
cling process may take less than 
a year. 

It should be kept in mind that 
in a hydrogen economy, hydrogen 
serves as a secondary source of 
energy, just as electricity is a 
secondary energy source. As such, 
hydrogen is not a solution to our 
energy crisis, which is a shortage 
of primary energy sources like oil 
or coal, but is a better way of uti
lizing primary energy sources that 
may be developed in the future. 
The most likely candidates for 
future primary energy sources are 
nuclear fission, fusion and solar 
energy. They would be used to 
produce either electricity for elec
trolysing water or high tempera
tures for disassociating water di
rectly. 

Hydrogen would seem to be a 
logical fuel for the future energy 
demands of small vehicles. Yet, 
there are some drawbacks to hy
drogen that make it impractical, 
at least as a fuel for cars, trucks 
and buses. Hydrogen is an ex
tremely explosive substance and 
great care must be taken in han
dling it. Current methods of stor
ing hydrogen do not lend to its 
practicality either. Pressurized gas 
tanks may be convenient for labo
ratory use and cryogenic contain
ers serve well as repositories for 
huge amounts of hydrogen rocket 
fuel, but most engineers seem to 
agree that neither method is prac
tical for use in small vehicles. 

There is an alternative method 
of storing hydrogen currently 
being developed that has the po
tential of making hydrogen-pow-
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Jeffrey Garry 

ered vehicles practical. Metallic 
compounds known as hydrides 
have the property of being able to 
absorb large amounts of hydrogen 
and release it at a steady rate 
under controlled conditions. Scien
tists familiar with the hydride 
storage concept say the system's 
promise lies in its ability to store 
hydrogen at densities exceeding 
liquid hydrogen with a far greater 
degree of safety than either pres
surized gas or liquid storage. 

Before a practical hydride stor
age tank for cars can be devel
oped, however, a great deal of 
basic research into the largely 
unknown properties of hydride 
compounds must be carried out. 
Some of this basic research is 
being done by two University of 
Minnesota scientists, Louis Toth, 
a materials science professor, and 
Jeffrey Garry, a materials science 
graduate student. 

Toth describes their work as a 
~(systematization" of the known 
properties of hydrides. By experi
mentally determining the proper
ties of a large number of hydride 
compounds, they hope to refine 
theoretical models of hydrides, 
enabling scientists to predict how 
a specified compound would be
have under certain conditions and 
also determine the composition of 
a hydride that should meet an 
arbitrary set of qualifications. 

Although their work may even
tually have some bearing on the 
energy crisis, Toth says the hy
dride research had its beginnings 
in a long-term project studying 

Hydrogen is not 
the solution 
to our energy 
crisis, 

but it is a better 
way of utilizing 

our primary 
energy sources .. 

Professor Louis Toth 

the behavior of transition metals 
as they are infused with small, 
light atoms. 

Hydride compounds form when 
small hydrogen atoms diffuse into 
the spaces between atoms of a 
metallic crystal. The amount of 
hydrogen that will enter the crys
tal depends on the type of metal, 
its temperature and the gas pres
sure around the crystal; the ratio 
of hydrogen atoms to metal atoms 
may be as high as two or three to 
one in some hydrides, which ac
counts for their ability to store 
hydrogen at densities in the same 
range as liquid hydrogen. 

Toth and Garry's research, 
which is funded by National Sci
ence Foundation grants, consists 
of forming hydrides under careful
ly controlled conditions so that 
the exact composition of the com-
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Figure one. This graph summarizes the behavior of a two-phase hydride compound being hydrided. Dur
ing the interval labeled A, the substance exists as a metal. During the interval labeled 8, a two-phase 
substance, consisting of a metal and a hydride, exists. During the interval labeled C, the substance is a 
pure hydride. 

pound can be pre-determined. The 
sample hydride is then put in a 
low temperature chamber where 
its heat capacity is measured. 
Once the heat capacity of the 
hydride is determined, basic elec
tronic information, such as bond
ing strength between hydrogen 
and metal atoms, can be deter
mined. The sample is subjected to 
an X-ray diffraction test to discov
er its crystal structure and is also 
examined under either a light or 
electron microscope. 

This line of research is compli
cated by the nonstoichiometric 
nature of most hydride com
pounds. This means that the ratio 
of hydrogen to metal atoms in the 
hydride does not have to be an 
integral value and can vary over 
a large number of values. So rath
er than testing a small number of 
hydrides, such as MH 1 (a metal 
hydride) or MH 2 , Toth and Garry 
need to run many tests on com
pounds such as MH. 5 , MH1.2 or 
MH1.75 • Garry points out, howev
er, that the nonstoichiometric 
nature of some hydrides enables 
them to better withstand the 
stress of absorbing and releasing 
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hydrogen, an important property 
for a fuel storage device. 

Toth estimates that two or 
three years of research will be 
necessary before they can predict 
exactly how metals will behave as 
they are hydrided and about two 
more years of work before a hy
dride can be designed to meet 
specified conditions. Until that is 
possible, devising a compound for 
a hydrogen storage tank is only a 
matter of ~~guesswork", in Toth's 
words. 

The behavior of a hydride that 
makes it a potential hydrogen 
storage device is illustrated by 
the graph in Figure 1. The graph 
and information concerning it are 
based on a report written by Jef
frey Garry on the storage of hy
drogen in hydrides. 

Starting with a pure metal or 
metallic compound at a constant 
temperature, as the pressure in
creases the amount of hydrogen 
dissolved in the metal also in
creases. At the point where the 
curve intersects the two-phase 
field boundary, portions of the 
metal become a hydride. In this 
state large amounts of hydrogen 

can be ~~pumped" in or out of the 
hydride with little change in pres
sure or temperature. 

The ideal hydride compound for 
a vehicle's hydrogen storage tank 
would be one whose temperature 
curve, at slightly above room 
temperature, would have a wide 
two-phase field at a pressure 
slightly above normal atmospheric 
pressure. These conditions would 
enable it to operate without com
plex temperature and pressure 
controls. Other necessary proper
ties of a hydride compound in
tended for large-scale use as a 
storage medium for hydrogen
powered vehicles include low cost 
and durability. 

What would a hydrogen-pow
ered car be like? It could use a 
wide variety of power plants, such 
as a steam engine, modified Wan
kel or piston engine, or even a 
fuel cell driving electric motors. 
The fuel tank itself would consist 
of hydride pellets contained with
in a honeycombed framework of a 
heat-conducting material. The 
tank would be surrounded by a 
coolant network to maintain an 
even temperature or chill it so 
that it could be recharged with 
hydrogen more quickly. A test 
model of such a system is current
ly being experimented with at the 
Brookhaven National Laboratory 
in New York. 

Even if a hydride tank is per
fected, Toth doubts that hydrogen 
powered vehicles would become 
practical. He pointed out that al
though a hydride tank would be 
safer than a gasoline tank in a 
collision, filling the hydride tank 
would be a great deal more haz
ardous than filling a gasoline 
tank. A higher degree of technical 
competence and more sophisticated 
machinery would be required at a 
~~hydrogen station" than at any 
present-day gas station. Toth says 
that he wouldn't trust anybody 
but an experienced technician or 
engineer to fill a hydrogen tank. 
No doubt during hard times many 
an engineer has found employ
ment at a service station, but a 
chain of (~hydrogen stations" is 
really an unsatisfactory solution 
to employment problems of engi
neers. 

Toth feels, however, that hy
dride tanks would be an ideal 
method for electric utility compa-
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nies to store the excess power 
generated during times of low 
demand while their generators are 
running at peak output to remain 
efficient. The excess power could 
be used to generate hydrogen 
from water; the hydrogen could 
then be used as fuel in the gener
ating plant or elsewhere. 

Although Garry sees the same 
difficulties with hydrogen powered 
vehicles, he is more optimistic 
about their becoming practical. He 
also points out that one side bene
fit of switching to a hydrogen 
economy is that while minor 
changes are being made in the 
transition from fossil fuels to hy
drogen power, out-of-date industri
al facilities could be modernized, 
enabling some industries to better 
meet the challenge of foreign 
manufacturers. 

Admittedly there are a great 
many technological and political 
problems that need solutions be
fore the United States can convert 
to a hydrogen economy. But may
be when we see that our coal and 
oil supplies are not going to be 
good to the last drop, hydrogen 
will appear to be a very attrac
tive, attainable alternative. 

ITS is solving business prob
lems with computer applica
tions. Share in this dynamic 
environment. Opportunities 
in computer science for: 

Programmers 

Systems Analysts 

System Designers 

internati< >nal 
tin1esl1arjng 
C<>rp<>ration 

ITS building, 
Jonathan Industrex 
Chaska, Minnesota 55318 

'' 

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 



Late this fall a Subcommittee of 
the Minnesota Legislature will 
make a decision that will change 
the lives of everyone in the Twin 
Cities area. The committee will 
hear three different transit pro
posals for Minneapolis-St. Paul. In 
late December (or January 1974) 
the Mass Transit Subcommittee 
will author a bill that will go be
fore both houses of the Legisla
ture for final approval and fund
ing. In this manner the Subcom
mittee will tacitly decide which 
system the Legislature will sup
port. 

The decision will mark the end 
of a struggle that began in 1967. 

For in 1967 the Minnesota 
State Legislature created two deci
sion-making bodies to guide the 
growth of the Twin Cities. The 
Metropolitan Council (MC) was 
set up to plan and coordinate the 
development of the entire metro
politan area, and the Metropolitan 
Transit Commission (MTC) was 
charged with planning a mass 
rapid transit system and operat
ing the buses of the Twin Cities. 
(In 1969 the MTC purchased Twin 
City Lines, the private owner of 
the buses.) 

When the Metro Council was 
created it was generally under
stood that its powers would be 
expanded if it proved to be a use
ful agency. In 1969, after the MC 
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by James l\1. Young 

had submitted its general develop
ment plans to the Legislature, 
some of its powers over land de
velopment and highway planning 
were increased. In 1971, after the 
Council had further proved itself, 
its powers over other agencies 
were also increased by the Legis
lature. Thus the Council found 
itself with the power to redirect 

the Metropolitan Transit Commis
sion. 

The gradual expansion of the 
Council's powers has not been co
ordinated well with the control of 
the Transit Commission. When 
the Metro Council began to disa
gree with the MTC about the 
general transit system to be built 
in the Twin Cities, the Transit 
Commissioners found themselves 
in a deadlock. They could not 
obtain general agreement on their 
rapid rail transit plan, and they 
viewed other transit plans pro
posed by the Council and a pri
vate citizens' group as opposing 
power plays rather than alter
nate plans. In short, the agency 
responsible for developing a trans
it system had evolved a rigid po
sition and could not accept other 
views for fear of lowering its pres
tige. 

The fact that new technologies 
have been developed, which were 
dismissed four years ago by the 
MTC as e~Buck Rogers stuff," fur
ther complicates the issue. Private 
business and municipal groups 
have been pressing for years for 
the immediate construction of a 
mass transit system and the MTC 
has been very responsive to these 
groups. So both the advance of 
technology and political pressure 
have forced the MTC to take a 
hard and fast stand on its subway 
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plan. 
The MTC examined many dif

ferent transit systems in the late 
1960s, including a rapid rail line, 
a system of express buses on spe
cial lanes of freeway Cbusways"), 
and Personal Rapid Transit (PRT). 
The Commission's advocacy of 
rapid rail transit has always been 
based on the easy availability of 
the hardware - the vehicles, 
tracks and construction techniques 
- of the system. This dependence 
on feasibility as the main criteri
on of choice is evidence of the 
MTC's determination to provide 
some solution to the transit prob
lems of our area. 

But as the MTC plan has been 
examined by public agencies and 
private groups, its rail system has 
been criticized from many angles. 
The price for a subway system is 
very high for the amount of ser
vice given, say critics, and there 
are other systems available. 

In the summer of 1970 a Per
sonal Rapid Transit system (see 
PRT summary on page 22) was 
advocated by the Citizens' League, 
under the auspices of Drs. J. 
Edward Anderson and J arold A. 
Kieffer. At first this group at
tempted to work with the MTC. 
This proved to be impossible be
cause the MTC had already set 
up its plan and did not see the 
need for further criticizing its rail 
system, let alone developing a 
totally different system. The Citi
zens' Transit Council, formed by 
Dr. Anderson to advocate PRT, 
ceased its attempt to work with 
the Transit Commission and be
gan to publicize its own plan. 

So in 1970 the MTC no longer 
wished to consider other types of 
transit. Under the laws of the 
State of Minnesota at that time, 
the Transit Commission believed 
it had the unchallengeable author
ity to proceed with the develop
ment of its plan. 

In 1971, however, when the 
laws were changed to expand the 
powers of the Metropolitan Coun
cil, the MTC plan had to be re
viewed and approved by the 
Council. To a Transit Commission 
that believed it had developed the 
only viable transit plan, such 
enhancement of the Council's 
power represented a challenge. 
Some of the security of the MTC's 
position was eroded by this chal-
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lenge, and many of the Transit 
Commissioners were forced to 
harden their position further. 

In May 1972 the Metropolitan 
Council distributed its ~<busway" 

plan. The plan originally sought 
to provide some rapid transit ser
vice before the ((fast link" (or 
MTC rail system) service was in
stalled and in operation. After the 
first stage of the subway system 
planned by the MTC went into 
operation, this express bus service 
with restricted freeway lanes 
would be expanded to transport 
people to the subway as the sub
way routes themselves were ex
panded. 

This then was the plan agreed 
upon by the two public agencies 
active in the matter. But during 
the course of 1972, private organi
zations and individuals became 
more and more involved in the 
discussion of the transit system 

decision. To the secure Metro 
Council, such public involvement 
posed no threat. To a now-inse
cure Metropolitan Transit Com
mission, such involvement posed 
at first a nuisance and later, per
haps, a menace. 

When its role is in question, 
any public agency will react to 
and regard public commentary as 
a threat. As the people working 
in the agency come to feel that 
their jobs and goals are in jeop
ardy, they begin to react as 
though their agency is the only 
agency that can accomplish its 
goals. This means that the agency 
begins to dismiss suggestions that 

at other times it would willingly 
if not gladly - accept. Exam

ples of this sort of reaction can be 
found in any government where 
agencies and bureaucracies have 
existed, from the Egyptians to the 
Nixon administration. 

During the course of 1972, a 
well-planned and detailed PRT 
system was distributed as a (~reac

tion" to the MTC's plan. The Citi
zen's Transit Council, associated 
with the University, had been 
promoting their plan for two 
years at this time. When, in Octo
ber the Citizens' Transit Council 
released their statement express
ing deep concern about the MTC, 
the Transit Commissioners must 
have felt at the very least appre
hensive. (~Too much of the work" 
of the MTC, said the citizens' 
group, ((has concentrated on devel
oping justifications for conclusions 
previously reached, instead of 

developing in a direct and open 
way the costs and benefits of var
ious alternatives so that from 
widespread understanding of these 
costs and benefits the best system 
for the Twin Cities area could be 
chosen." 

A month later, on 9 November 
1972, the Minnesota Public Inter
est Research Group (MPIRG) in a 
report to the Metropolitan Council 
questioned the whole MTC plan. 
The MPIRG report stated that the 
MTC plans could be dismissed on 
the basis of information included 
in the Transit Commission's own 
reports. Furthermore, the MTC 
had shown an ~(obsession" with 

21 



rail transit, in the words of 
MPIRG research director Karim 
Ahmed. The MPIRG report finally 
asked the Metro Council to ((em
phatically and unequivocally" re
ject the MTC rail transit plan. 
(Italics in the original.) 

During November and Decem
ber 1972, the Metro Council for
mulated a new busway plan. It 
called for the use of buses as the 

The Metropolitan Transit Commission 
(MTC) wishes to utilize rail transit as the 
backbone of its mass transit plan. The 
current MTC proposal contains a rail 
"backbone" system of 42 stations on 
63 miles of two-way track. Auxiliary 
service would be provided by buses. The 
rail vehicle selected for use is a 40 pas
senger model which is 22 feet long. 
eight feet wide and weighs 37.000 lbs. 
Reaching a top speed of 60 mph. as 
many as 1 0 cars can run on one train. 

The MTC feels that rail transit will 
reduce automobile travel and thus less
en congestion. noise. air pollution and 
traffic fatalities. One of the factors nec
essary for a successful rail transit sys
tem is a number of densely populated or 
large activity areas. The MTC believes 
that a rail system will help to promote 
these major activity centers while also 
curtailing the need for additional free
way construction. 

Vital factors in evaluating any transit 
system are the minimum headway and 
the capacity. Minimum headway is the 
minimum time necessary to keep suc
ceeding vehicles from colliding. A 90 
second minimum headway is typical of 
rail transit. 

The capacity of a transit line is the 
total number of people that the system 
can move per hour. An easy formula for 
·this would be Capacity= 
Occupancy/Headway. 

MTC planners predict that for the 
year 2000. 2.5 percent of the 70 million 
daily trips made by Twin Cities residents 
would be by rail. With the auxiliary bus 
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primary rapid transit vehicle in 
the Twin Cities mass transit sys
tem. The MC called for the con
struction of special bus lanes on 
freeways (which could be done at 
a very small price), and in some 
areas the construction of elevated 
bus lanes. The Metro Council plan 
left the possibility of adding new 
types of public transit - like 
PRT - to the busways in the 

service. that figure would be increased 
to 7 percent of the total trips made. 

Every urban area has a number of 
captive riders - those who for various 
reasons are unable to travel by automo
bile. Apparently the MTC has settled for 
serving these captive riders while at
tracting only a minimal percentage of 
the trios made by auto. 

The Metropolitan Council. after react
ing unfavorably to proposals by the 
MTC. formulated its own transit pian. 
The Council is planning for contingency 
mass transit through the increased use 
of local and express bus service until 
newer. more advanced technology be
comes available. 

The Council does not wish to build 
any transit system which may become 
obsolete soon after its completion. Since 
busing is a flexible mode of transporta
tion. it can serve both the high popula
tion urban areas. the low population 
suburbs and the sparsely populated rural 
areas. It can function equally well on 
major arterial streets. county roads. side 
streets and freeways. 

Special lanes. called busways. and 
green-light timing can be employed to 
help move buses quickly during peak 
ridership periods. Reserved freeway 
lanes and bus-only entrances to free
ways could speed suburban trips. 

The capacity and minimum headway 
of the proposed busways system is 
roughly equivalent to those of the 
MTC's rail transit system. 

The Council's plan calls for extending 
bus service throughout the Twin Cities 
region by 1975. The Council can foresee 
an ultimate busways hook-up of up to 
100 miles. 

The cost of establishing a busing sys
tem is extremely low in comparison to 
other plans with the added factor that 
busing is immediately available. 

Buses presently have a poor image to 
contend with. However private industry 

future. The Metropolitan Council 
report emphasized that busways 
had proved themselves successful 
1n other cities, and that the 
equipment and technology for 
such a system already existed. 
The busways could be built soon 
and with little risk. 

In January 1973 the positions 
of the Metro Council and the 
Metropolitan Transit Commission 

and the United States Department of 
Transportation are working to change 
that image. A new bus. developed by a 
Department of Transportation program. 
is hoped to be ready for commercial use 
by 1975. 

Personal Rapid Transit (PRT) is a 
fresh approach to transit. It is based on 
automated small cars. holding up to six 
people. running on a fixed guideway. 

University of Minnesota transit re
searchers have proposed a P RT network 
of fixed guideways which would eventu
ally span 442 miles with 506 stations. 
These guideways are one-way and 
would be located mostly above ground 
on major arterial streets and railroad 
rights-of-way. 

The P RT cabs are computer directed. 
Upon entering the station a patron 
presses a series of buttons for his des
tination. enters a waiting vehicle. and 
the cab automatically takes him there 
using the optimum route selected by the 
computer. Service would be on-demand 
and available 24 hours a day. 

The minimum headway between ve
hicles on a PRT line is believed. by firms 
developing PRT systems. to be as low 
as a fraction of a second. One of the 
reasons for this is due to the fact that 
unlike a subway train. when a PRT cab 
pulls into a station it is shuttled onto a 
siding, out of the path of the following 
vehicles. PRT cabs need less time to 
start and stop than larger. heavier vehi
cles. Being computer directed. the 
smaller cabs could also respond more 
directly to a signal to stop suddenly. 

Although PRT cabs are smaller. the 
system as a whole can have a capacity 
equal to. or probably greater than. that 
of mass transit systems equipped with 
larger vehicles. 

All but one of the proposed PRT sys
tems are propelled by linear-induction 
motors. The sole exception is one which 
is based on an air-cushion system. 

Minnesota Technolog 



stiffened until there was no longer 
any possibility that the Metro 
Council could accept the MTC's 
plan. In fact, the Council had 
separated with the MTC in No
vember 1972 when it began to 
draw up its busway proposal. 

During January 1973, the 
chairmen of the two agencies, 
Douglas Keirn for the MTC and 
AI Hofstede of the Council, car
ried on a correspondence which 
clearly illustrated the breakdown 
in cooperation between the two 
bodies they served. Keirn found it 
hard to believe that the busways 
could be conceived of as acting as 
a basis for mass transit. On 22 
February 1973, the Metropolitan 
Council (after some further pri
vate and legal correspondence) of
ficially declined to accept the 
MTC plan. 

During the spring and summer 
of this year preparations have 
been made for the final transit 
decision to be made by a Subcom
mittee of the State Legislature. 
The Transit Subcommittee agreed 
to review three plans: those of the 
MTC and Metro Council, and the 
PRT plan sponsored by Professor 
J. Edward Anderson of the Uni-

Empty hook? 

versity. This review process has 
been and will be largely based 
upon the systems themselves; that 
is, the eight people on the Sub
committee will assess the mass 
transit technologies themselves. 

The members of the Subcommit
tee began hearings on 18 Septem
ber. Six more hearings will be 
held - two each in October, No
vember and December. On 13 and 
15 December, the committee will 
make its decision. The committee 
will pay special attention to rider
ship estimates, capital and operat
ing costs, and financing proposals 
for both these costs in the three 
systems. In the last hearing be
fore the week of decision, the 
committee will compare the envi
ronmental impacts, the levels of 
service in, and the reliability of 
estimates for the three plans. 

During 28 October-2 November 
the committee will be making an 
investigation of PRT systems and 
companies on the West Coast. 
This is a significant move. Since 
Minnesota politicians have always 
been willing to move after a pre
cedent is established, and since 
the Denver area has backed a 
large-scale PRT system like that 

Try our line! 
(612) 8 -7981 ex® 

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, 
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1 
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donaldson 
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1400 West 94th Street 
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of Dr. Anderson's plan, the Sub
committee's tour is an indicator of 
how seriously it is considering a 
PRT system. Denver is the first 
stop on the tour (which also in
cludes San Diego, Los Angeles 
and San Francisco, California, and 
Seattle, Washington). 

In mid-December the decision 
will be reached which will change 
the nature of the Twin Cities as 
much as did the decision to build 
freeways here. The advent of a 
mass rapid transit system, espe
cially of such an innovative type 
as the PRT, would mean that the 
Twin Cities metropolitan area 
would have acquired another 
means to insure its survival into 
the 21st century. Without mass 
transit, as all the administrators, 
planners and politicians are 
agreed, serious difficulties lie 
ahead. The arguing, the ill will 
generated by the politicking and 
debating over a transit system 
will be forgotten after the system 
is installed. For if the system 
does not at first appear successful, 
it can always be changed and 
remodeled. It is always going to 
be possible to evolve a new trans
it system from the old one. But 
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without any transit system, there 
is only an old and obsolescent 
vehicle left - the automobile. 

When even Henry Ford II calls 
the car !!outmoded", it is time to 
plan new means of transportation. 
Such planning, whether it is in 
Minneapolis-St. Paul, New York 
or San Francisco, is never easy. 
In the words of Stephen Z werling, 
who has written a Doctoral disser
tation on the decision to build the 
Bay Area Rapid Transit (BART) 
system in the San Francisco vicin
ity, the decision to construct a 
transit system is an attempt to 
!! !legislate' the future." That is, 
construction of a certain type of 
transit system is going to produce 
certain results in the city which 
the system serves. A subway sys
tem, as Zwerling comments, will 
cause the development of a new 
Manhattan in the vicinity of the 
transit line. Such development has 
been clearly stated as one of the 

The automobile as we know it 
is doomed. 

As this century draws to a 
close, the contraption that has 
been the major means of transport 
in the United States and around 
the world will pass away. United 
States government regulations 
have already pointed the way to 
dusty death for the flivver. Not 
only is there legislation on the 
books demanding the end of the 
internal combustion engine, but 
there is also legislation which 
calls for the demise of private, 
individually piloted cars in the 
largest metropolitan areas of the 
United States. In order to cope 
with this legislation, the needs, 
the expectations and the behavior 
of people must change. This 
change will end the era of the car 
as surely as it will bring in new 
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purposes of the MTC plan. This is 
surely a tribute to the openess of 
Minnesota politics, for as Zwerling 
points out, the planners of BART 
planned and sold the system to 
the public in order to develop San 
Francisco further - but without 
stating that urban development 
was their major reason for sup
porting BART. If this reason had 
been brought out in the open, it 
would likely have encountered 
opposition from many northern 
California citizens who wished to 
see the preservation of their High 
Victorian city on the bay. 

There is real drama in the deci
sion about to be made here in 
Minnesota. For the backers of 
each plan believe that for one 
reason or another they have the 
only good plan. The Metropolitan 
Council and the State Legislature 
have shown their genuine fairness 
and willingness to consider all 
three transit plans, for at any 

means of transportation. 
One General Motors official has 

said that (!the death of the inter
nal combustion engine is at 
hand." But when, at the end of 
this decade, it becomes impossible 
to buy a new car with a petrole
um powered internal combustion 
motor, there will still be automo
biles. The simple change of an 
engine does not mean the end of 
the car. Indeed, many other en
gines are off the drawing boards 
and inside experimental autos 
today. In short order Detroit will 
be producing cars with new en
gines; nothing much will change 
in the process. 

But more devastating to the 
automobile than any new engine 
design are Federal government 
regulations designed to reduce 
particulate and gaseous air poilu-

time in the past one system could 
have been arbitrarily chosen. It 
appears that the choice will be 
made on the basis of technology, 
instead of personal desire. And in 
the final analysis, this is the only 
reasonable and just basis on 
which to make such a decision. 

OTE 
This short essay does not do 

justice to the complex and knotty 
history of the transit problem here. 
Someday books will no doubt be 
written about the subject. But in 
the dearth of coverage of the ques
tion in the Twin Cities media, this 
article is an attempt to present for 
the first time the whole story in 
one place. The author wishes to 
express his indebtedness to Dr. J. 
Edward Anderson and Mr. Roger 
A. Peterson for providing research 
materials on all areas of the prob
lem where they were otherwise 
unavailable. 

tion. These regulations were first 
set up as guidelines for the larg
est metropolitan areas by Presi
dent Nixon's Environmental Qual
ity Council in 1970. Earlier this 
year the Minneapolis Planning 
Commission announced that it 
intended to comply fully with the 
guidelines set up for the late 
1970s. (The local guidelines call 
in part for a halt to parking-ramp 
construction in the central busi
ness district and the creation of a 
ring of parking ramps around the 
downtown area.) Minneapolis-St. 
Paul and Seattle apparently are 
the first two areas to prepare for 
the guidelines. 

But in highly automobile-de
pendent areas - like Los Angeles 
- the guidelines will not be met 
so easily. In Los Angeles it is vir
tually impossible to go anywhere, 
or to do anything, without an 
automobile. Since the guidelines 
call for the elimination of the car 
as a mass-transit vehicle in the 
Los Angeles area, the people there 
are going to object to being de
prived of their status symbol and 
personal rapid transit vehicle. 
Moreover, automobile and gasoline 
distributors will doubtless be quite 
unhappy about the loss of one of 
their major markets. 

Taking the car away from Los 
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Angeles would change the whole 
southern California area. Once 
more the San Gabriel and Santa 
Anna mountains would be visible 
on a regular basis, and the vast 
freeway systems quiet. But such a 
change cannot, unfortunately, be 
legislated; the car is so secure in 
Los Angeles that it seems as 
though it would take some vast 
cns1s like the complete de
pletion of the world's petroleum 
reserves, to kill the auto
mobile there. Since a great deal of 
work is currently being done to 
find some cheap, safe alternatives 
to petroleum, it seems quite likely 
that an alternative will be avail
able soon. So not even the end of 
petroleum would mean the end of 
the car in L.A. 

Can mass transit as advocated 
in the Federal guidelines change 
the needs of people sufficiently to 
compete with the automobile? 
Some systems, like the Personal 
Rapid Transit (PRT) system, ap
parently will be able to provide 
the same sort of personalized ser
vice as the car. But will such sys
tems be salable to the politicians 
and local governments of the 
United States? In a country where 
tax money drains slowly but 
surely like molasses from local 
coffers towards Washington, D.C., 
local governments are extremely 
hesitant to support even the 
cheapest and most worthwhile of 
mass transit systems. 

Eventually a PRT system could 
be devised that would be compati
ble with a standard-sized automo
bile frame. This would allow spe
cially designed cars to act both as 
private vehicles, and PRT cabs 
upon entering the PRT guideway. 
The guideway would become an 
automated, computer controlled 
freeway. Computer regulation of 
cars, coupled with many safe
guards against computer break
down, would drastically reduce 
the number of accidents in trans
it. Public vehicles - the type 
proposed in current, first-stage 
PRT plans - would also be avail
able in this system, providing for 
those who cannot afford to own a 
car. 

But even so magnificent a sys
tem as this is geared towards the 
transportation needs of the pres
ent. In the future, the transporta
tion needs of the world - and 
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especially those of the United 
States - will change. As compu
ter guidance systems are devel
oped for automobiles and mass 
transit systems, there will be no 
need for someone to pilot a car. 
This will change the expectations 
of those who ride: a businessman 
would no longer need to worry 
about traffic on his way to work. 
He could rest, or eat breakfast, or 
start his job on the way. A long 
vacation trip on a nation-wide 
guideway would allow new diver
timents - and new unpleasant
ries - to be developed through
out the country. 

If people expect new things 
from transit vehicles, they will 
find themselves with new trans
portation needs. Thus if you plan 
to have a day free of any respon
sibility on your trip to California, 
you may discover that you need 
new types of clothing for travel, 
that you need smne know ledge of 
computer programming to plan 
your route, or that you need 
something which has just been 
marketed for just such a long-dis
tance journey - some item which 
hasn't been dreamt of yet. 

New transit needs in industrial 

societies doom the automobile we 
know and love. In the near fu
ture, in fact, the need for business 
trips will decrease as communica
tion systems become better and 
better. Telephones with special 
recording equipment will begin to 
compete with all forms of busi
ness-related travel soon. 

All these factors will eradicate 
the piloted, petroleum powered 
automobile. In the industrial na
tions, like the United States, the 
demise of the car will change the 
whole country. Henry Ford once 
said that ~~the only thing we learn 
from history is that we never 
learn anything from history." If 
that is so, then no one can say 
what the automobileless America 
will be like. Mr. Ford, after all, 
was unable to guess what his in
vention would do to the odd court
ing customs of the human male 
and female. He was quite shocked 
to find out - so shocked in fact 
that he is said to have toyed with 
inventing the compact car. 

There will be no Tin-Lizzie 
tomorrow. But its successor, what
ever it may be, will be as signifi
cant a part of the 21st century as 
the automobile was of the 20th. 
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John Hey, class of '72, i 
working in environmental 
protection at Conwed's 
Red Wing plant. 

John's job is the type of engineering 
opportunity available in Conwed's re
search and development department. 

Our fields of technical concentrations 
include mineral fiber melting and spin
ning, dry felting of cellulose fiber and 
plastic extruding and orienting. 

Conwed is looking for imaginative 
chemical and mechanical engineers to 
work in process and product develop
ment ... innovative designers with 
potential for future management. 

Learn more about the challenging 
career opportunities for you at 
Conwed. Write G. R. Erickson or tal 
to us on campus October 29. An 
interview can be arranged through 
the I.T. office. 

Gould is a company of Proud 
Inventors, committed to new 
product development as our basic 
growth strategy. Our expertise is 
concentrated in four integrated 
technologies; electrochemical, 
electromechanical, metallurgical 
and electronic. The advertisement 
below, which appeared originally 
in THE WALL STREET JOURNAL, 
shows one example of the kind of 
projects going on at Gould. 

Gould has developed a hot 
densification process for mak
ing powder metal parts bigger 
and stronger than was possible 
before. Now our Proud Invent
ors have expanded the process 
to vary the density within a 
given part. For example, we 
can make a gear with solid 
tough teeth on the outside for 
long wear, yet keep its center 
porous to save weight and cost. 
And we're producing a new hy
draulic valve lifter for automo
tive engines. It has a porous, 
self-lubricating body to help 
eliminate "sticking", yet its cap 
is solid to withstand punish
ment. For more information, 
write Gould Inc., 8550 West 
Bryn Mawr Avenue, Chicago, 
Illinois 60631. 
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I I 
I I 
I I 
I I 
I I 
I I 
I Harman- ~ 1 Sylvania Pioneer Sansui Fisher Kardon Marantz I 
I Model ~ 

I 
Continuous (RMS) 11 

Power1 11 

I 
4 channels 11 

Stereo Bridge 11 

I THD at rated output ~ 

I IM Distortion at II 
rated output II 

I lFM BH!F Sensitivity I 
I SO db signal to II 

noise ratio II 

I Capture Ratio I 
I ~~ I 
I 'All powermeasurements tal~en at 120 volts/60 cycles, 8 ohms, 20Hz-20kHz, all channels driven simultaneously. 1 

2Manufacturer's suggested list price which may be higher in some areas. 

1
1 

If you're in the market for four channel, you matrix capabilities so you can use either type of ~ 
already know you've got to spend a good bit of quadraphonic material. And much, much more: II 

I cash for a receiver. So it'd be a good idea to We can offer so much because we have so I 
1 spend a good bit of time checking specs on much experience. We were one of the first in the I 
I 

everything available just to make sure you get audio field. And now we're applying all our knowl-
the most for your money. edge, all our engineering skill to four channel. I 

1 To make your search a little easier, we've Once you've proven to yourself which receiver 1 
prepared the blank comparison chart above has the best specs, move on down to that last 

I with spaces for some of the best-known brands line in the chart and compare Sylvania's price I 
I and most important specs. Just take it with you with all the others. Find out which one gives the 1 

to the store, fill it in, and you'll be able to tell most for your money. 
I at a glance what you get for what you pay. We feel pretty confident you'll discover that I 
I We took the liberty of filling in the Sylvania the best-known names aren't necessarily your 1 
I columnwithspecsforourRQ3748fourchannel bestbuy. I 

receiver. We did it because we know we're not 
I 

3 So much more that it won't all fit here. So send us a stamped, self- I 
the best- known name in tour chan n e I I and we addressed envelope and we'll send you a four-page brochure on our 1 didn't want you to overlook us for that reason. four channel receivers. 

I 
Because we think the RQ3748's specs 

are really worth remembering. 
1 50 watts of RMS power per channel at 8 

ohms, 20-20kHz, with all four channels 
I driven.125watts perchannel in stereo bridge 
I mode. A TH D and I M of less than 0.5% at 

I rated output. An FM sensitivity of 1.9 micro
volts. A discrete four channel receiver with 

I 
I I Sylvania Entertainment I 1 Products Group, Batavia, N.Y. 

----------------------------~ 



ent companies. Trying to figure out the exact 
kind of engineering work you 
should go into can be pretty 
tough. 

One minute you're studying 
a general area like mechanical 
or electrical engineering. The 
next you're faced with a maze 
of job functions you don't fully 
understand. And that often are 
called different names by differ-

General Electric hires quite 
a few engineers each year. So 
we thought a series of ads 
explaining work they do mig;ht 
come in handy. After all, 1t's 
better to understand your 
options before a job interview 
than waste your interview time 
trying to learn about them. 

(and rnany other companies) can 
be divided into three areas. 
Developing and designing prod
ucts and systems. Manufactur
ing products. Selling and 
servicing products. 

This ad is a brief outline of 
the most common engineering 
functions at G E. In future ads 
we '11 cover individual functions 
in more detail. Basically, engineering at GE 

Development and Design 
BASIC/APPLIED 
RESEARCH ENGINEERING 
Exploring for new materials, 
processes and systems for making 
new and improved products. Usually 
requires an advanced degree. 

ADVANCE PRODUCT 
ENGINEERING 

~ Thinking up ideas for new 
···-.·-· ........... ~ or improved products, 

~ ... · then proving their technical 
feasibility. High technical 

expertise required. 

PRODUCT DESIGN ENGINEERING 
Transforming the product idea into a 
design that meets given specs and 
can be manufactured. Folio wing 
through to production. 

ENGINEERING MANAGEMENT 
Planning, organizing and supervising 
engineering work in a product 
business or project operation. 

Manufacturing 
MANUFACTURING ENGINEERING 
Planning exactly how a product will 
be manufactured. From consulting with 
designers to creating tools and 
machinery to planning production flow. 

QUALITY CONTROL ENG lNEERING 
Designing tests, specifying test 

equipment and procedures, 
analyzing production test 
results to assure product quality. 

~~~_Jj_~ 

FACTORY MANAGEMENT 
Supervising a factory's people and 
machines. Making sure all the many 
elements run smoothly. 

MATERIALS MANAGEMENT 
Designing materials flow systems to 
make sure vital parts and materials 
are at the right place, at the right 
cost, at the right time. 

Sales and Service 
SALES ENGINEERING 
Identifying the needs of GE's utility, 
industrial and governmental customers 
and recommending the products and 
services to fill them. 

APPLICATION ENGINEERING 
Analyzing special equipment needs 
of customers, then specifying GE 
products and systems to fit. 

FIELD ENGINEERING 
Installing and servicing 
large machinery systems 
forGE customers worldwide. 
From motors to power plants. 

PRODUCT PLANNING 
Marketing. Determining the 
need for new or modified prod
ucts. Making sure a product 
line offers what customers need 
at competitive prices. 

GENERAL ELECTRIC 
An Equal Opportunity Employer 
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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-madefibersaren'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 

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 . 



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 continuing 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 over 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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(Dedicated, Responsive, Knowledgeable 
people) Men with vision launched Univac 
and a new era. 

Today, some 30,000 Univac people throughout 
the world bring to their tasks superior 
scientific competence, technologica~ skills of 
a high order, inspiration, and extraordinary 
imagination. 

They fill exciting jobs in a vastly exciting industry. 

They are found all over the world: scientists, 
technicians, sales representatives, assemblers, 
programmers, systems analysts, field engineers, 
accountants, marketing specialists. Men. 

If you are interested, write 

Women. All races. All creeds. 

Since the computer industry is in itself youthful, 
Univac people tend towards youth. Average 
age is near 30. But maturity and experience 
are present too. Many of those in on the 
beginning of Univac are still found in management 
research, the laboratories, the field, the offices 
and at sophisticated computer sites. Perhaps 
tracking a space satellite. Or helping to probe 
the causes of cancer. Or keeping a transportation 
system on schedule. 

Univac people are its most significant asset. 

Employment Manager 
Univac Defense Systems Division 
P.O. Box 3525 
St. Paul, Minnesota 55165 
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The read it and weep department. 

Superior vs~ aconite g 

The EPA vs. Reserve 
Mining Company by Laurence Yarosh 

The massive legal battle between the Reserve 
Mining Company and the EPA is still far from 
being concluded. Many vital issues may be at 
stake. including the life or death of Lake Supe
rior. the Reserve Mining Company. and many 
residents of Duluth. 

15 Stacking The 
The Future Of The 
Registration System 

eck: 

Every University student has to go through it. 
Many get trapped. stymied. stifled. turned off 
or manipulated in the process. "It" could stand 
a few improvements - the University of Min
nesota registration system. that is. 

1 8 f orlds Beyond 
Exobiology: A New 
Science In The aking 

A new science is now developing - exobiolo
gy. the study of life on other worlds. Exobiolo
gists have started to create a cohesive body of 
theory which will help mankind to understand 
life in a new way - on Earth and elsewhere. 

by Don 8/yly 

by James M. Young 

COVER: ARTWORI< BY RANDY SCHOLES, PHOTOGRAPHY BY I<EVIN STRANDBERG 
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oal In ur 
Stocking g 

hristmas 

This winter the University of Minnesota will be 
shoveling it. Coal that is. 

Because of the fuel oil shortage, the University has 
had to sign a "contract." It calls for the use of coal as 
an alternate source of energy when supplies of fuel oil 
run low this winter. If the Arabs make good on their 
threatened embargo of oil shipments to the United 
States, that winter shortage should begin sometime 
around Thanksgiving. 

. Blue On Blue . 
Schools in general will be hard put to keep things 

smoking this winter. According to the mandatory Emer
gency Fuel Allocation Plan. schools are placed quite 
low on the priorities list for oil supplies. In terms of 
importance. the federal government placed schools just 
ahead of mortuaries and just below the Goodyear 
Blimp. 

According to WCCO-TV, as of 25 October only 88 
out of 437 schools in the Twin Cities area have firm 
fuel oil contracts. The other schools will just have to 
hustle for fuel on a last-come-some-served basis or get 
along by adopting emergency measures. 

We offer some suggestions to alleviate this condi
tion later on in this piece, but first we have to make 
certain that there is something worth panicking about 

. Talk To The Animals . 
Are we getting alarmed over nothing? Is there really 

a fuel shortage and will it be sufficiently cold this win
ter to warrant such drastic steps as enforced fuel 
allocation? 

In answer to the first question. yes. Whether real or 
contrived by the big oil companies. the truth appears to 
be that there is simply not enough fuel oil available for 
use this winter. In answer to the second question. let 
us see. 

There are many ways to forecast how cold it will be 
this winter. According to the Old Farmers Almanac. 
which is revered throughout New England for its accu
racy in weather predicting and worshipped in Troy, 
New York as a general purpose deity, there is nothing 
to worry about. They say "winter temperatures will be 
2 ° to 3 ° above normal." So the average temperature 
from 1 November 1973 to 31 March 1974 will be a 
balmy 23°- 24 ° instead of the usual 21 o average. 

If you want a second opinion, there are other ways 
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to forecast how cold the winter will be. As the story 
goes, if the stripes on a wooly bear catepillar are thick, 
then the winter will be cold. If the stripes are thin, then 
the winter will be mild. So rush to the nearest leaf
bearing tree and if you are tough enough to beat back 
the savage woodpeckers, catch a wooly-bear and learn 
the truth. And if you do this. you may discover the 
truth in more ways than one. 

There are other forecast methods. such as plotting 
the thickness of hair on a horse. how long into October 
the crickets will sing, seeing if the blackbirds fly south 
for the winter, or weighing how much hay the ducks 
are eating. 

There is a quaint but effective Canadian forecasting 
custom, which began in Northern Ontario many years 
ago. Being a Canadian native. I am familiar with the 
procedure. Come September, the natives could tell just 
how cold the winter would be by using a pick-axe to 
try and smash through the ice that had formed on their 
rivers. If they made it through the ice. then it would be 
a mild winter. If not they wasted a lot of time. But 
enough of prose, back to the central issue. 

. It Looks Black, Folks . 
The central issue, of course. is what about us at the 

University? Apparently the use of coal will bail us out 
of a crisis situation as the hardy Plant Services person
nel will be shoveling their little unionized hearts out for 
us lukewarm students. There is no economic problem 
with coal. It is actually cheaper than oil although it 
produces particulate wastes, gaseous outbursts and is 
less convenient. Much the same can be said for our 
shortsighted elected representatives who were too 
busy being politicians to foresee a relatively obvious 
situation and provide alternatives for it. They are the 
ones who should be keeping us warm this winter. It 
seems they are the professionals when it comes to 
shoveling it. 

At least for this winter w19 will have to swallow the 
increased pollution caused by burning coal in order to 
comfortably conform to the rigors of intellectual disci
pline. But what about next year? And what about the 
schools who are not so lucky as to be provided with 
coal? What alternatives can be offered them? Here are 

a few. 

. Expanding Alternatives 
The most obvious suggestion is not to let just any

one offer suggestions. If that happened. there is no 
telling what desperation would drive some people to 
do. The foresters would probably start trying to burn 
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Duluth drinking water. Cleveland residents can do that 
for they have the Cuyahoga River*, but we in Minne
sota are not so lucky. 

The first alternative for Minnesota schools would be 
for them to burn their books. They probably need re
placing anyway and when education officials get 
around to replacing them (years after the burning) sim
ply float a school bond issue. Minnesota residents nev
er fail to vote funds for public education. do they?** 

Other alternatives include the hugging of closed-cir
cuit television sets in the classrooms. initiating or ex
tending modern dance classes to run simultaneously 
with science lectures, imposing mandatory jogging, and 
seasonal conversions to an activist religion. 

One idea which proved unfeasible was the sugges
tion to place a constantly lecturing Freshman English 
professor in each classroom to increase the room tern
perature. This sounded fine until the boys in the Heat 
Transfer Lab pointed out that if the individual in ques
tion lectured for over an hour. there was danger of the 
air becoming hot enough for the building to start ex
panding. The air would eventually become so rarified that 
a partial vacuum would form and the windows would 
implode. 

Next month we will tackle the problem of hunger in 
New Ulm, the giant in Le Seuer, and praying mantises 
in T.N.C.E. 30. 

Editors Note 
*The Cuyahoga River, running through Cleveland, Ohio, due to the 
excessive oil and kerosene wastes dumped into it. has been de
clared a fire hazard as early as 1968. 

**Rockford, Minnesota has voted down a 3.4 million dollar school 
bond issue four times in a row. The present high school facilities in 
the town feature a bus garage, a trailer. and a World War II surplus 
army bunker. 

STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION 
H<·tof .4uxustl.', 1470 Sr,tion3(Jt15 Tllk )9 Umted St<JterCode) 
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Sidelight n Exobiology 
The Soviet astrophysicist N. S. Kardashev has sug

gested that there are three types of civilizations possi
ble in the Universe, ranked according to the amount of 
technological power the civilization can control. (See 
Carl Sagan, "On the Detectivity of Advanced Galactic 
Civilization," Icarus, July 1973; and elsewhere in this 
issue of this magazine.) 

Kardashev has stated that Type I civilizations have 
about the power-output capacity of the Earth today -
that is, the power output capacity of a single planet. 
Type II civilizations have the power output capacity of 
a solar system - they can control their own sun. A 
Type Ill society would be able to control the energy 
output of an entire galaxy. According to the model 
Kardashev used to determine the probabilities for the 
existence of these civilizations. Type I cultures would 
be common. Type II cultures less common. and Type 
Ill societies would be rare indeed. (Changing one basic 
assumption in Kardashev's model - reducing the 
trend for civilizations to destroy themselves - would 
make the long-lived Type II and Type Ill societies much 
more probable.) 

We suggest that Kardashev should follow his con
tention to its logical conclusion. He should, in other 
words. include a Type IV society in his list. Such a civi
lization would be capable of controlling the energy 
output of an entire cosmos. 

It might be possible to find some indication of the 
existence of Type IV beings by finding some anomaly 
in the Universe which could only be explained by their 
existence. If we should find that quasars - to sight an 
absurd possiblity - did not fit into the laws of the 
physical Universe no matter how hard we tried to bend 
those laws. then we might be forced to think about 
such beings. Astrophysicists have recently found evi
dence which seems to show that the Universe did not 
begin with a big bang (see Science News, 18 and 25 
August 1973). In order to explain the cosmos, we 
might have to postulate that though it originally began 
with a bang, large amounts of matter were used by 
Type IV beings to prevent the Universe from turning 
into an entropic system. This verges close to theology, 
and Kardashev could not express such a quasi-religious 
idea - even in jest - in a Soviet publication. If he 
did. he might find himself in serious trouble with his 
government. The Soviet Union has always reacted 
strangely to just such scientific speculations. 

But even if we succeed in detecting such a civiliza
tion, it would undoubtedly be fruitless to attempt to 
communicate with them. According to Carl Sagan's ar
ticle in Icarus, a Type II or Ill being would have about 
as much interest in communicating with us as we have 
in talking with bacteria or paramecia. A Type IV entity 
would probably be even less interested in us- unless. of 
course. his name were Jehovah or something similar. 

Robert Pirro & James M. Young 
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ITS is solving business prob
lems with computer applica
tions. Share in this dynamic 
environment. Opportunities 
in computer science for: 

Programmers 

Systems Analysts 

System Designers 

international 
timeshar!ng 
corporation 

ITS building, 
Jonathan Industrex 
Chaska, Minnesota 55318 

John Hey, class of '72, i 
working in environmental 
protection at Conwed's 
Red ing plant. 

John's job is the type of 
opportunity available in Conwed's re
search and development department. 

Our fields of technical concentrations 
include mineral fiber melting and spin
ning, dry felting of cellulose fiber and 
plastic extruding and orienting. 

Conwed is looking for imaginative 
chemical and mechanical engineers to 
work in process and product develop
ment ... innovative designers with 
potential for future management. 

To learn more about the challeng
ing career opportunities for you at 
Conwed, write: 

Gordon R. Erickson 
Conwed Corporation 
332 Minnesota Street 
St. Paul, Mn. 55101 



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 also 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 assignments 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 :,' HUGHES : 
90515, Los Angeles, 
California 90009. ~------------------~ 

HUGHES AIRCRAFT COMPANY 

An equal opportunity employer- M & F 

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 

Name {printed): I 

Address---------------------

City ____ _ State ______ Zip ___ _ 

1 am interested in obtaining: D Masters D Engineer D Doctoral 

fellowship in the field of ___________ _ 

1 have (or expect) a Bachelor's degree in ___ --;r~-;-;-----
(Field) 

bY--------~~~~---------
(Mo., Yr.) 

from ---------::-:-~-:-:---:-:---:----------
(1 nstitution) 

GPA is ________ out of possible ______ _ 

Also have (or expect) Master's degree in ___ ---:-:=--:-:-:----

( Field) 

bY--------~~~~---------
(Mo., Yr.) 

from ---------=-----:-:-:--:-:-----:----------
(Institution) 

GPA is ________ out of possible ______ _ 

U.S. CITIZENSHIP IS REQUIRED 
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The plant stands on the north 
shore of Lake Superior, at 

Silver Bay, Minnesota. It is part 
of an operation that has created 
two towns, employs almost three 
thousand people and accounts for 
one seventh of the iron ore pro
duced in the United States. But it 
is most famous for its waste prod
uct - finely ground taconite 
rock, stripped of its iron-rich com
ponents and dumped into the lake 
at the rate of 20 million tons per 
year. 

Reserve Mining Company, own
er of the Silver Bay plant and its 
taconite mine at Babbitt, Minne
sota, is being sued by the U.S. 
Environmental Protection Agency 
(EPA) to have the taconite waste 
dumped on land, claiming that 
disposal in the lake creates pollu
tion. 

The suit follows over four years 
of hearings, conferences and liti
gation by environmental groups 
with the state and federal govern
ments. The issue is significant in 
that it will be decided almost en
tirely by scientists and engineers. 
Congress has passed antipollution 
laws and judges can interpret 
them, but both must depend on 
technical experts to answer the 
crucial question: Does the dump
ing of vast amounts of tailings 
into Lake Superior pollute its 
water or endanger human health? 

The batteries of experts testify
ing for each side come not only 
from Reserve and EPA research 
labs, but from colleges and con
sulting firms from Oregon to Flor
ida. Accusing each other of using 
invalid experiments and insuffi
cient data, they conflict on almost 
every point, from the health of 
the bottom-dwelling crustaceans in 
the lake to the actual amount of 
the plant's discharge, making a 
long and complex trial inevitable. 

Taconite, the hard, gray rock 
produced at the Babbitt mine, 
contains tiny particles of magne
tite, an iron-bearing mineral. The 
ore is crushed and shipped by rail 
to the processing plant at Silver 
Bay, where the crushed taconite 
is ground up and the magnetite 
particles are extracted by giant 
electromagnets. The remaining 
rock, suspended in water, is 
pumped into the lake. Production 
of one ton of iron concentrate 
requires three tons of taconite and 
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by Laurence Yarosh 

55 tons of water, leaving two tons 
of tailings. 

The waste rock is 41 percent 
cummingtonite, a silicate signifi
cant for its similarity to the 
asbestos used for fire-proof insula
tion and automobile brake linings. 
Passing through three stages of 
grinding in the plant, some of it 
is finer in consistency than face 
powder, and many particles are 
less than one-half micron in diam
eter. Mixed in with the vast 
amounts of water used for grind
ing and sizing the rock, only 3.5 
percent of the discharge is actual
ly solid. 

The slurry mixture of tailings 
and water is pumped to the lake
shore, where it flows across a del
ta built up from tailings deposited 
in previous years. The heaviest 
particles, about 45 percent of the 
total, settle out on this delta, 
leaving a slurry of 1.4 percent 
solids to flow into the lake. 

1 
y 

Reserve contends that their 
operation has no more effect on 
the environment than dumping 
sand into a swimming pool. Com
pany president Edward Furness 
has referred to the tailings as 
((pure sand . . . inert, inorganic, 
insoluble in Lake Superior, and 
biologically inactive." Yet the tail
ings are quite unlike ordinary 
sand. First, they are finely 
ground. Particles less than one 
micron in diameter can barely be 
seen with the largest optical mi
croscopes. They may remain sus
pended in the water for over a 
year before settling out, and are 
chemically active because their 
surface area, in relation to their 
weight, is quite large. 

In addition, Taconite is foreign 
to Lake Superior. The Babbitt 
mine is located outside the Lake 
Superior basin and has been ex
posed by removing tons of glacial 
till and topsoil. The cummington-
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ite which forms such a large part 
of the rock is found at only one 
other point in the lake basin. If 
the discharge were to add miner
als not now found in the lake, it 
could alter the biology of the 
area. 

Finally, the tailings are 
dumped in tremendous amounts. 
The daily discharge of 67,000 tons 
of tailings is from two to six 
times the sediment carried natu
rally by rivers into the lake, ac
cording to the EPA. A process 
involving a few percent of this 
amount could have significant ef
fects on the lake, effects that 
would be especially pronounced 
because Superior is among the 
clearest lakes in the United 
States. The tailings will eventual
ly cover large areas of the lake 
bottom, forcing bottom-dwelling 
animals to adapt or perfsh. 

The EPA, represented by Jus
tice Department attorney John P. 
Hills, filed suit against Reserve 
over a year ago, charging that 
pollution from the plant violates 
the Federal Water Pollution Con
trol Act as well as constituting a 
((nuisance" under common law. 
They claim that the tailings, be
sides posing a health hazard from 
asbestos particles, cloud the water, 
dissolve chemicals into it, and dis
rupt the biology of the lake. The 
charges are flatly denied by Re
serve, which claims that in 16 
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years of operation, the plant has 
produced no harmful effects in 
Lake Superior. 

The slurry pumped into Lake 
Superior is heavier than the pure 
lake water and tends to sink 
when it enters the lake. Reserve 
contends that it forms a ~(heavy 

density current" and carries al
most all of the tailings to the bot
tom of a 900-foot deep trough lo
cated conveniently a few miles 
offshore. (see drawing) The area is 
large enough so that in 40 years, 
when the Babbitt mine is worked 
out, the bottom will be raised by 
an average of only 30 inches. 

EPA scientists agree that most 
of the tailings reach the bottom 
through the heavy density cur
rent, but argue that the smallest 
three percent remain in suspen
sion and are carried throughout 
the lake by prevailing currents. 
Dr. Donald Baumgartner, of the 
EPA's Pacific Northwest Labora
tory in Corvallis, Oregon, has re
ferred to the discharge as ((an 
unstable density flow which 
spreads out and becomes diluted 
as it flows down the face of the 
delta, shedding clouds of finely 
divided particulate matter 
ultimately leveling off near, or at 
the bottom." 

In attempting to trace the 
movement of the tiny particles 
throughout Lake Superior, the 
government has relied on the con-

troversial method of cumm
ingtonite analysis. This min
eral, while constituting 41 per
cent of the tailings, is almost 
nonexistent in natural streams. 
Detectable in small concentrations 
through its telltale x-ray diffrac
tion pattern, its presence in a 
water sample indicates the pres
ence of tailing particles. Relying 
on this method, the Government 
claims that the tailings are 
scattered as far as the Wisconsin 
and Michigan shores of the lake 
and make up 30 percent of the 
suspended solids in the Duluth 
water supply. 

Reserve's attorneys, headed by 
Edward T. Fride, a Duluth corpo
rate lawyer, claim that the heavy 
density current effectively carries 
all the tailings to the bottom and 
point to a ((tailings inventory" 
survey carried out by Reserve in 
1972. It shows that 99.6 percent 
of the ·tailings discharged since 
the plant was opened can be 
found on the lake bottom near 
Silver Bay. The missing .4 per
cent, however, is over a million 
tons. 

Most importantly, the attorneys 
object to the use of cummingtonite 
tests to identify suspended tail
ings, claiming that there are oth
er sources of the mineral. Though 
the EPA found only one stream 
out of 60 Lake Superior tributar
ies with even a trace of cumming-
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Western arm of Lake Superior showing the Great Trough where most of Reserve's tail
ings settle out. The government contends that the remainder are carried by lake cur
rents towards Duluth and the Wisconsin and Michigan shores. 

tonite, Reserve scientists, through 
repeated samplings, claim to have 
positively identified the mineral 
in 50 of 67 streams in their own 
survey. In addition, tailings have 
been used for years to sand Min
nesota Highway 61 in the winter
time, and may have washed into 
the lake. Although these sources 
are much smaller than the plant's 
vast discharge, they enter the 
water without a heavy density 
current and, mixing freely with 
the surface waters, their cum
mingtonite is more likely to turn 
up in the EPA's sample bottles. 

Government and Reserve scien
tists have disagreed over the in
terpretation of x-ray diffraction 
patterns - Reserve interpreting a 
given pattern to show cumming
tonite, and Government scientists 
drawing an opposite conclusion. 
Yet other measurements by the 
government may prove decisive. 
In one series of bottom samples 
from the lake, the EPA measured 
not only cummingtonite, but var
ious clay minerals, which are 
present in stream sediments but 
absent from Reserve's discharge. 
While cloudy water caused by 
natural runoff in Wisconsin had a 
trace of cummingtonite and an 
abundance of clay minerals, solids 
in surface water near the Reserve 
plant were as much as 30 percent 
cummingtonite, with few clay 
minerals. 
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Crucial to all other issues in 
the trial is the question of wheth
er tailing particles spread 
throughout the lake. If the tail
ings sink completely into the deep 
parts of the lake, then their po
tential for disturbing the lake is 
limited and other sources must be 
responsible for the changes that 
have been observed. 

The most easily observable ef
fect of the tiny suspended parti
cles is a change in color of parts 
of the lake. Sunlight reflected and 
diffracted by particles smaller 
than the light waves themselves 
gives the water a green appear
ance, in contrast to the normal 
blue of the lake. The earliest 
complaints against the plant came 
from lakeshore residents claiming 
that the color makes the lake 
unsightly and that fishing is im
possible in the green areas. 

Although green water has been 
observed in the lake for 100 
years, the Government agrees 
that the discoloration is more fre
quent and severe in areas affected 
by tailings. Armond E. Lemke, an 
aquatic biologist at the EPA's 
National Water Quality Labora
tory in Duluth described an oc
currence of green water on the 
lake's north shore. On the 
morning of October 17, 1972, 
patches of green water were seen 
near the point where the tailings 
are discharged. A continuous band 

of green water one-half mile wide 
began at Pellet Island (at the 
edge of Reserve's boat harbor) and 
extended to Split Rock Light
house. From there it fanned into 
the lake and was seven miles 
wide at the mouth of the Goose
berry River. It broke into patches 
again near Encampment Island. 
The green area was over 15 miles 
long. 

Visibility in the green water 
was from four to six feet, when it 
may be 40 feet in clear water. 
The concentration of tailings in 
the green water, as measured by 
cummingtonite detection, was 2 to 
5 ppm. In clear water it was .2 
ppm. 

Reserve notes that green water 
occurs naturally in the lake and 
argues that it has no effect on the 
environ1nent. Observing that the 
green appearance is an optical 
effect rather than an actual disco
loration, Edward Schmid, assistant 
to Reserve's president, told a Fed
eral conference in 1969, ((The 
water which looks green in the 
lake is not green in .a sampler. A 
glassful appears clear and color
less . . . While some people may 
say the ~green water' is aestheti
cally objectionable, many do not." 

The elements which make up 
the taconite tailings can dissolve 
when the particles are immersed 
in water. Extremely small parti
cles have a large surface area in 
relation to their weight, and the 
leaching is quite rapid. EPA sci
entists speculate that the smallest 
particles dissolve completely be
fore they can settle to the bottom. 

Gary E. Glass, a chemist at the 
Duluth EPA laboratory, has testi
fied that although less than .01 
percent of the tailings dissolve, a 
day's discharge adds a sampler. A 
pounds of dissolved minerals to 
the lake, and another 100,000 
pounds are leached into the water 
as the tailings move towards the 
bottom. The dissolved chemicals 
include ammonia, nitrogen com
pounds, silica, sulfates, magne
sium, manganese and potassium. 
As a result, water near tailings 
deposits on the lake bottom has a 
high concentration of dissolved 
solids. 

Reserve's answer to these 
charges is that the dissolved sol
ids, measured in pounds rather 
than tons, do not have a measura-
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ble effect on a body of water as 
large as Lake Superior, with over 
10,000 cubic miles of water. A 
mathematical model developed by 
Reserve in 1970 predicts that 
even after 100 years of plant op
eration there would not be a de
tectable increase in dissolved sol
ids in the lake. 

In addition, a Reserve study of 
water samples from 16 permanent 
testing stations along the lake's 
north shore show that the 
concentration of dissolved solids 
near the discharge point is not 
higher than concentrations in oth
er parts of the lake. Samples were 
also taken near tailings resting on 
the bottom and showed no unu
sual levels of dissolved solids, di
rectly contradicting EPA studies. 

One of the most serious pollu
tion-associated problems in the 
other Great Lakes has been exces
sive growth of algae. The lake 
algae, single celled green plants, 

Both of these elements are pres
ent in taconite tailings. The man
ganese is more important, because 
large amounts of phosphorus al
ready pour into the lake from fer
tilizer runoff and sewage dis
charges. 

Joseph Shapiro, associate direc
tor of the Limnological Research 
Center at the University of Min
nesota, testified that tailings stim
ulate the growth of algae when 
present in concentrations as low 
as .041 ppm or 41 parts per 
billion. Addition of phosphorus in 
concentrations of 5 parts per bil
lion greatly enhances the effect. 
Tailings are present in such con
centrations in large areas of the 
lake. 

In addition to these laboratory 
studies, observations of green 
water have revealed large num
bers of algae, while little growth 
was taking place outside the 
green area. 

WINNER: Cymbella ventricosa. This and other algae are multiplying in Lake Superior 
partly because of nutrients released from taconite tailings. Algae in Lake Michigan have 
become a nuisance, forming green scum on the water in some places. 

are extremely sensitive to the 
presence of their nutrient ele
ments in the water. While vast 
numbers of the organisms have 
formed green scum in some parts 
of Lake Michigan and other lakes, 
the problem does not exist in 
Lake Superior. The Government 
suggests that if Reserve and other 
firms are allowed to continue add
ing dissolved nutrients to the 
lake, the green ((algal blooms" 
will appear in Superior as well. 

In any normal, clear body of 
water, the growth of algae is im
possible because the nutrients 
they require, chiefly phosphorus 
and manganese, are not present. 
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In opposing these claims, Re
serve points to a study by Edward 
Callender of the University of 
Michigan showing that the levels 
of manganese, phosphorus and 
ammonia are no higher in the vi
cinity of Silver Bay than any
where else along the North Shore 
of the lake. He contends that the 
chief source of manganese is the 
St. Louis River, entering the lake 
at Duluth. 

A further study done by Jack
son L. Fox, a scientific consultant 
from Gainesville, Florida, conclud
ed that there were no differences 
in algae growth between areas 
affected by the discharge and oth-

er areas of the North Shore. Oth
er studies showed that the great
est numbers of algae were in the 
Duluth-Superior area and the 
South shore of the lake. 

In one experiment, slabs of ta
conite and granite were placed in 
the lake and growth of attached 
algae on the two minerals was 
compared. Reserve could find no 
differences in algae growth on the 
two slabs, indicating that no al
gal nutrients were being leached 
from the taconite that were not 
also coming from the granite. 

In measuring the effects of tail
ings on the algae in the lake, the 
EPA cautions that the absence of 
specific evidence of algae growth 
is no source of comfort. Measur
ment of trace elements and algae 
populations is difficult in such a 
large lake, and population 
changes would have to approach 
50 percent before they could be 
detected. Once the water reaches 
a state where it could support 
excessive numbers of algae, it 
would not be cleared until 
hundreds of years after pollution 
was halted. 

While the tailings may enhance 
the growth of algae, they threaten 
the complex food chain which 
supports fish life in Lake Superi
or. Although commercial fishing 
has not been measurably affected, 
the Government contends that the 
lake fish are potential victims of 
the discharge. 

Turbidity or clouding caused by 
suspended particles reduces the 
sunlight available to grow plank
ton, the basis of any lake's food 
chain. According to a 1968 Interi
or Department report, ~~light must 
penetrate to great depths to pro
duce enough plankton to support 
the fish. An increase of a few 
parts per million of suspended sol
ids could affect the production of 
plankton. Fish food is affected for 
one mile into the lake, and less 
desirable forms of bottom life are 
evident." 

Also affected are freshwater 
shrimp living on the lake bottom, 
again an important food for some 
species of fish. Turbulence caused 
by the heavy density current, as 
well as a bottom covered by fine 
tailings devoid of organie matter 
combine to reduce the population 
of these animals. One fish species, 
the Sculpin, has begun eating the 

11 



Judge Lord's courtroom is a scene of 
complex scientific arguments, but there 
is also a battle of words as the oppos
ing lawyers try to present their cases in 
the most favorable terms. Some exam
ples: 

lUI 

The Discharge. Everyone agrees that 
something is dumped into Lake Superi
or, but they don't have the same name 
for it. The government calls it "tailings," 
a "discharge" or an "effluent." Reserve 
calls it "waste rock" or "sand." 
Green water. EPA scientists show their 
contempt for the water around Re
serve's plant by describing it as "murky 
green." One scientist said it was "milky 
green." Reserve sees it as "emerald 
green" and claims that 19th century 
explorer Louis Agassiz recorded it that 
way in his diary. 
Heavy density current. Reserve claims 
that their tailings are safely carried to 
the lake bottom by a "heavy density 
current" and that this is a familiar hy
drological phenomenon. If the EPA is 
familiar with it. they don't remember the 
name. They call it an "unstable density 
flow" or a "bottom flow turbidity cur
rent." 

LOSER: Mysis relicta, a species of Lake Superior shrimp. The government claims that 
Pontoporeia, another species, has been reduced in number up to 40 miles from the dis
charge and that Mysis may be more severely affected. 
shrimp 

eggs of other fish because of the 
shortage of shrimp. 

Reserve has denied that its tail
ings cause any significant turbidi
ty that could reduce plankton 
populations. With respect to bot
tom-dwelling shrimp, David W. 
Anderson of Reserve's research 
and development division claims 
that his tests have shown that the 
animals can live on a tailings 
covered bottom just as well as a 
natural lake bottom. In-lake sam
pling conducted by Reserve indi
cates that their numbers are not 
influenced by the presence or ab
sence of tailings. 

The company has attacked the 
Government's data, claiming that 
shrimp populations vary drastical
ly with natural changes in the 
lake bottom, and that the Govern
ment's control samples were taken 
in an unusually favorable area for 
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pontoporeia, the predominant spec
ies of shrimp. A 1970 Reserve 
report states: ~~had they chosen to 
use a different (no tailings' area 
(southwest of the plant) in their 
comparison, they would have 
found 38 percent more 
pontoporeia in the tailings sedi
ment than in the tno tailings' 
area." 

This argument has been count
ered by Donald I. Mount, director 
of the EPA's Duluth laboratory, 
citing 1) failure of an early state 
survey to demonstrate differences 
on either side of the plant before 
it began discharging, 2) consistent 
differences by several studies 
(including Reserve studies) since 
operation began, and 3) good cor
relation between the amount of 
tailings deposition on the bottom 
and the abundance of shrimp. 

The most widely publicized is-

Asbestos. The EPA has found some
thing in the Duluth drinking water that 
they can say with certainty is "asbesti
form minerals" or "amphiboles." A Uni
versity of Wisconsin scientist says that it 
is identical to Amosite asbestos, but 
Reserve isn't likely to believe that. 
Volume of discharge. To add to their 
other conflicts, the government and 
Reserve do not agree on how much of 
whatever-it-is is being dumped into the 
lake. The Government's figure, based on 
reports made to the Minnesota Pollution 
Control Agency over the past few years, 
is 67,000 short tons per day. Reserve 
claims that they discharge 46,000 long 
tons per day, which comes out to be 
51 ,500 short tons. The discrepancy led 
an exasperated Judge Lord to comment. 
"If we can't even agree on how much 
goes through that plant every day we're 
sunk." 

sue at the trial is the Govern
ment's ominous suggestion that 
asbestos-like mineral fibers dis
charged into the air and water by 
Reserve's plant may threaten 
lakeshore residents with lung and 
abdominal cancer. Although the 
Government filed its lawsuit in 
February 1972, the asbestos issue 
was not raised until last summer 
when submicroscopic mineral fi
bers were discovered in both air 
and water discharges from the 
plant. 

Amosite asbestos, a mineral 
characterized by long, heat resist
ant fibers, is used commercially in 
products ranging from fireproof 
clothing to automobile brake lin
ings. Workers exposed to asbestos 
dust for twenty years or more 
risk developing lung cancer as 
well as mesothelioma, cancer of 
the lining of the chest and abdom
inal cavities. 

The mechanism by which the 
fibers cause cancer is not known, 
but researchers suspect that they 
may physically puncture the en
closing membranes of delicate 
lung cells, or that they may com
bine with chemicals needed for 
proper functioning of the body. 

The court must deal with two 
critical issues. First, it has not 
been established that the fibers 
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from the plant have the same 
properties as commercial asbestos. 
Second, although airborne asbestos 
is known to be harmful, there is 
no data available on waterborne 
asbestos that may be swallowed 
in drinking water. 

Asbestos is a term applied to 
any fibrous mineral. Amosite, 
along with cummingtonite (the 
mineral found in Reserve's dis
charge) is a member of the group 
of silicates known as amphiboles. 
The two minerals have identical 
chemical formulae, containing iron 
and magnesium at significant 
points. They differ only in molec
ular structure. James R. Kramer, 
from McMaster University in 
Ontario, testified for the Govern
ment that the morphology (gross 
structure) of the two types of fiber 
is identical, and that they react 
identically to certain chemical 
tests. Stephen D. Burrell of the 
University of Wisconsin at River 
Falls stated flatly, ((The material 
in the (Babbitt) mine is identical 
to that which is termed amosite." 
Tests are being conducted at labo
ratories across the country to de
termine if swallowing the fibers 
can endanger human health. 
There are not yet any conclusive 
results. 

Reserve, which has been defend
ing itself from the other charges 
since its plant first opened, was 
caught by surprise when the as
bestos issue was raised. At first 
the company sought to have the 
issue excluded from the trial. 
Their request was denied, and 
their rebuttal to the Government's 
case will be presented in the near 
future. They can be expected to 
argue that the waterborne asbes
tos comes from natural sources, 
with their own discharge sinking 
into the great trough on the lake 
bottom. 

Once Judge Miles Lord has de
cided whether taconite tailings 
actually pollute Lake Superior, he 
must decide on a solution to the 
problem, ranging from closing the 
plant completely to a modified in
lake disposal plan. The govern
ment has proposed a detailed plan 
for on-land disposal of the tail
ings, drawn up by the Interna
tional Engineering Company 
(IECO) of San Francisco, Califor
nia. 

Under the plan, the present 
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IECO's proposed on-land disposal system: Taconite from mine is separated and crushed at 
concentrating plant (1). Concentrated tailings are forced through a 10-mile pipeline to 
impoundment area (2). Needed water is piped from Birch Lake (3) and iron concentrate 
is shipped to Silver Bay ( 4) where it is formed into pellets and shipped to blast furnaces 
in Chicago and Cleveland. 

operation will be divided into two 
parts. The furnaces that turn iron 
concentrate into hard pellets for 
shipment across the Great Lakes 
will remain at Silver Bay. The 
grinders and electromagnets that 
produce the concentrate and tail
ings will either be junked or 
moved to a site near the mine at 
Babbitt. 

An ultramodern plant will be 
built at Babbitt, designed to pro
duce higher quality concentrate 
(with higher iron content) than 
the present operation. The tailings 
in the discharge will be concen
trated by mechanical hydrosepara
tors and flocculants (chemicals to 
make the smallest particles clump 
together) and pumped through a 
ten-mile pipeline to a disposal 
pond hemmed in by a system of 
dams. Once the tailings have set
tled in the ponds, the water will 
be recovered and re-used. Addi
tional water will be pumped from 
nearby Birch Lake. 

The concentrate produced by 
the new plant will be shipped on 
the existing railroad to Silver Bay 
to be made into pellets. Because 
the concentrate, which contains 
about 10 percent water, may 
freeze in winter, an unusual sys
tem of insulated, electrically heat
ed railroad cars will be used. 

The tailings ponds will be built 
within a few miles of a similar 
facility owned by Erie Mining 
Company of Hoyt Lakes, Minne
sota. Their ((tailings basins" cover 
2,000 acres and contain 235 mil-

lion tons of tailings. The estimat
ed cost for the proposed system is 
$187 million plus $25 million per 
year in operating costs. 

Reserve has presented a long 
list of objections to the proposal, 
contending that it will destroy 
recreational areas, pollute the 
area with blowing dust, threaten 
nearby residents with flooding 
from broken dams and allow tail
ings to seep into the ground wa
ter. Further, they estimate that it 
will cost $530 million, almost 
three times the Government's esti
mate, and that it will require five 
times the water that could be 
drawn from Birch Lake. The 
ponds will lie entirely within the 
Superior National Forest, and 
their construction may violate 
Federal conservation laws. 

A significant part of the trial 
will involve details of the cost es
timates, along with testimony 
from accountants as to whether 
Reserve, along with its owners, 
Armco Steel and Republic Steel, 
can afford to finance the plan. 

All of the Government's argu
ments relate to a basic contention 
that the discharge is promoting 
the eutrophication of Lake Superi
or. The natural history of any 
lake involves a change from the 
Oligotrophic state, characterized 
by clear water, absence of algae, 
varied bottom life and abundant 
fish, to a Eutrophic state, with 
cloudy waters, large numbers of 
algae, few bottom-dwelling crea
tures and few and undesirable 
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fish. The change is brought about 
mainly by streams which carry 
nutrients and silt into the water. 

Reserve's discharge, when con
sidered as a stream, can thus pro
duce the contradictory effects of 
stimulating algae and killing 
freshwater shrimp. 

Reserve is fighting a losing 
streak, after the conclusion by the 
1970 Federal Enforcement Con
ference in Duluth that its dis
charge constituted interstate pol
lution and a State Court order the 
same year that the discharge be 
modified to assure that no sus
pended particles escaped from the 
heavy density current. 

A significant part of the trial 
will be made up of attempts by 
each side to attack the validity of 
unfavorable scientific studies. The 
1970 Enforcement Conference re
sounded with charges of invalid 
laboratory procedures, biased 
methods of data analysis and sup
pression of unfavorable results. 
Environmental groups have open
ly accused Reserve scientists of 
manipulating studies to support 
the company's position. 

After the trial and possible 

appeals have ended, a decision 
will have been made either to 
embark on a project that could 
cost half a billion dollars and 
cripple Reserve as a competitive 
enterprise, or to allow continued 
dumping in one of the continent's 
purest lakes. The court's decision 
will be based on the testimony of 
a series of experienced scientists, 
both employees of the opposing 
parties and consultants from the 
universities and private consulting 
firms. 

If the court's decision is to al
low dumping, the results will be 
manifest in about 20 years. If 
Reserve Mining's predictions are 
correct, Lake Superior will be 
clear and beautiful, its lakeshore 
population prosperous and 
healthy. If these predictions are 
wrong, the lake will be clogged 
with algae, its fish will be disap
pearing and the nearby population 
will be stricken with cancer. The 
result will be momentous for 
those who ask whether technology 
will serve man or dominate him 
- whether we can enjoy a high 
standard of living without de
stroying our planet in the process. 
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cials fear there will be 
no computer system at 
all during this decade .. 
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Futur of the 
1strat1on 

by Don Blyly 

I f you want your degree from 
the University of Minnesota, 

you have to confront the bureau
cracy. Bureaucracy in its simplest 
form involves registering for class
es. Amid cries of ~~there must be a 
better way" the management con
sultants of Cresap, McCormack 
and Paget, Inc. submitted a 65 
page report to the University of 
Minnesota which outlined the 
things they found wrong with the 
registration system and recom
mended ways to solve these prob
lems. Their final recommendation 
called for the creation of a compu
ter registration system by Fall 
1974. Now, University officials 
admit there is no chance for a 
computer system until Fall 1975, 
and some officials fear there will 
not be a computer system at all 
during this decade. 

What is wrong with the present 
system? Many things, according to 
the consultants' report. In 1971 
the consultants stated that a pri
mary problem with the present 
arrangement was its lack of a 
focal point of responsibility in the 
registration system. This meant 
that each sub-unit - like the 
Admissions and Records, Data 
Processing Center, and Room 
Scheduling offices, plus the var
ious colleges could make 
changes on its own without con
sidering what effect its actions 
would have on the efficiency of 
other sub-units. In fact, some of
fices went so far as to make 
changes without even notifying 
other sub-units. The report strong-

ly recommended that a Registrar 
be appointed, having the responsi
bility and power to coordinate the 
operation of the current system as 
well as planning a smooth transi
tion to the new system. Although 
the position was created, the sub
units still seem free to do as they 
please. 

All Room Scheduling functions 
are performed manually, requiring 
a long lead time for departments 
to develop their course offerings. 
Departments prepare their course 
offerings late in Winter quarter 
and then forward this information 
to the Room Scheduling office. 
Fall quarter classes are expected 
to be completely planned by this 
time. Minor changes may be made 
by the departments in their Win
ter and Spring offerings, but the 
departments are already commit
ted to the specific courses and 
numbers of sections they will be 
allowed to offer. 

A computer system would tre
mendously increase the flexibility 
of departments to prepare future 
courses. At the University of Ill
inois at Champaign-Urbana, 
where a computer registration 
system is used, new courses can 
be added three days before the 
first day of classes (although it is 
preferred if three weeks' notice is 
given). 

Here in Minnesota, because 
much of the registration process is 
done by hand, huge amounts of 
time are wasted for both students 
and University employees. For 
example, fees are collected in a 
very time-consuming and ineffi
cient way. Class card decks are 
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split between the colleges so that 
a student in LT. might not be 
able to get into a class that other 
LT. students have beaten him 
to, although cards for that same 
course might still be available in 
other college registration areas. 
Neither is the distribution of reg
istration information to colleges 
and advisors very good. Depart
ments often lack good information 
concerning the number of students 
who are likely to take any course 
in a given quarter. Even when 
the information is available in 
somebody else's files it would be 
too time-consuming to get the in
formation to the people who need 
it. A computer system could store, 
sort and retrieve all this informa
tion in its own (~files." 

There is no priority system for 
insuring that the people who need 
a course most have the chance to 
get into it. Instead, a student 
with an early registration date 
can fill his schedule with prime 
courses at prime times; a student 
with late registration may be 
blocked from taking needed cours
es if they are filled before he reg
isters. I. T. has several programs 
to make sure that a senior is not 
kept from graduating due to a 
closed course, but other students 
are not so lucky. A computer sys
tem with preregistration would 
solve this problem. 

How do the I. T. registration 
administrators feel about these 
complaints? They admit that the 
present system does not allow 
much flexibility in setting up new 
sections and that occasionally oth
er problems will arise with indi
vidual cases. But all in all they 
feel that the present system is far 
better than any previous system. 
For example: At one time regis
tration was run on a first-come, 
first-served basis. This resulted in 
people bringing their sleeping
bags to campus and sleeping out
side overnight in order to get a 
good chance at first choice of the 
classes. This was particularly 
hard for students when registering 
for Spring quarter classes in mid
February. Later a lottery system 
was established which required 
students to go to their department 
office to draw a number to deter
mine when they could register. 

Everyone seems to prefer the 
present alphabetical system. 

Surprisingly, there seems to be 
a tremendous feeling that a com
puter system would take a lot of 
flexibility out of the system, even 
though the consultants' report 
repeatedly stated that the compu-
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There is no guarantee that a student who 
needs a particular course can get into it* 

ter system would tremendously 
increase the system's flexibility. 
The experiences of numerous col
leges and universities which have 
been using computer systems for 
many years strongly support the 
view that the computer increases 
flexibility in scheduling class 
changes, meeting individual stu
dent needs, and predicting class 
demands. 

The administrators also feel 
that the students really don't 
have many objections to the pres
ent system - at least none that 
the administrators have heard 
about. 

How do the students feel about 
the present registration system? 
They seem to support the admin .. 
istration's view that there are few 
student complaints. A common 
feeling seems to be that the sys
tem could be better, but that it is 
not too bad now. Most people 
manage to get most of what they 
want most of the time. It seems 
they would just as soon continue 
with a system they are used to 
rather than cope with a new sys
tem. 

One former student expressed 
the view that the problems in the 
system make it more valuable 
than a system without problems. 
He felt that learning to cope with 
the problems of the University 
regulation system prepared him to 
cope with the bureaucratic prob
lems he encountered in his later 
employment. Thus, the University 
would be doing students a disser
vice by instituting a more efficient 
system; the ~~real" world is com
posed of inefficient systems and 
therefore the University should 
use inefficient systems when deal
ing with students. On the other 
hand, if the University encour
aged students to work towards 
more efficient systems, there 
might eventually be a decrease in 
efficiency in the ~~real" world. 

Here is a summary of the 
changes suggested by the consul
tants report: Tentative course of
ferings would be prepared, pub
lished and distributed to students. 
The assignment of rooms for class
es would be automated. Around 
the middle of Fall quarter, stu
dents would make their Winter 
quarter course selections in con
sultation with their advisers. 

These selections would be fed into 
the computer. The computer would 
analyze this information and sup
ply each department with data on 
how many students wished to 
take each section of each course. 
The departments would make any 
necessary changes and finalize 
their course offerings. The compu
ter would make final room assign
ments for the finalized courses. 

According to some priority sys
tem, the computer would then 
start assigning students to 
courses. The priority system at 
the University of Illinois, for 
example, gives top priority to dis
abled students, followed by James 
Scholars (people who maintain a 
grade point average of 4.25 or 
above out of a possible 5.00), fol
lowed in order by the remaining 
graduate students, seniors, juniors, 
sophomores and freshmen. Among 
the possible priority systems sug
gested by the report for the Uni
versity are the following: 

1) The random, rotating alpha
betical system presently used by 
C.L.A. and LT., 

2) Ordering students by number 
of credits completed to date, 

3) Randomized order within 
each class, with graduate students 
first, seniors second, etc. or, 

4) Cumulative order on the ba
sis of the student's grade point 
average. 

Whatever priority system would 
be used, the computer would in 
each individual case try to give 
the student the schedule he re
quested. Whenever the computer 
discovered that a requested sec
tion was full, it would try to 
switch the student to another sec
tion of the same course which did 
not conflict with the student's 
other courses - making sure to 
allow the student a lunch break. 
If this were not possible, the 
computer would then check to see 
if any section of a given course 
were open. If it were open, but in 
conflict with a section of another 
course the student was taking, the 
computer would see if there were 
a different section of the second 
course which did not conflict with 
anything. This would continue 
either until the computer man
aged to arrange a schedule that 
gave the student all the courses 
he requested, or until the compu-

Minnesota Technolog 



ter had to admit defeat and give 
the student a schedule short one 
course. 

These computer-prepared sched
ules would then be distributed to 
the students along with a compu
ter-prepared tuition statement. If 
the student were willing to accept 
this schedule, he would confirm it 
by dropping a check in the mail 
to cover his tuition deposit. On 
the other hand, if he wanted to 
change his schedule he would go 
to his department office and make 
the changes using a cathode ray 
tube (CRT) computer terminal. 
This terminal would instantly be 
able to tell him what course sec
tions were still open, and when he 
found a course section still open, 
he would enroll in it using the 
CRT. Then, to finish registration 
he would mail in a check for his 
tuition deposit. By having the 
CRTs permanently installed in 
each department office, they could 
be used by the departments for 
getting other information from the 
computer all year long; thus com
puter costs and use would not be 
limited to registration. 

The student would still be able 
to add or drop courses after the 
beginning of classes. This could 
also be handled by CRT. 

The computer would print class 
rosters for instructors before the 
first day of class, rather than 
waiting for the third week of class 
as is presently done. It would 
probably also print revised class ros
ters at the end of cancel-add periods. 

The consultants' report con
tained a very detailed timetable 
for converting to the computer 
system. The timetable called for 
the new system to be in operation 
beginning with Fall 1974. The 
position of Registrar was created 
on schedule. An advisory commit
tee (with representatives of Ad
missions and Records, the Data 
Processing Center, the coordinate 
campuses, the graduate school and 
students) was established on 
schedule and has been meeting for 
two hours per week for over two 
years. But nothing else is on 
schedule. 

One of the main reasons is 
money. According to various esti
mates it would cost somewhere 
between $300,000 and $1,000,000 
to convert to the new system. The 
Legislature in the past few years 
has not given the University 
enough money to maintain its 
existing programs, and certainly 
would not dream of giving the 
University an extra million dol
lars just to switch from a registra-
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tion system which works to a new 
system based on new-fangled tech
nology - despite the fact that 
numerous major universities 
around the country and a consult
ing firm hired by the University 
say a computer system is more 
efficient and less costly in the 
long run. Apparently, since few 
people support the plan at the 
University, the Legislature will be 
slow to fund the proposed regis
tration system. 

What has the advisory commit
tee - designed to create an offi
cial University position on the 
registration system accom
plished in two years of weekly 
meetings? They have decided that 
they are not sure they want a 
pre-registration system. They 
have decided that they are unsure 
whether the CRTs should be dis
tributed to the department offices 
for year-round use, or placed in 
one central location and used just 
for registration. (The committee 
seems to prefer having them all 
in one central location.) They 
have not decided on anything def
inite except that the final plan 
they approve will be quite differ
ent from the consultants' plan. 
And they all go around muttering 
about a computer system destroy
ing the flexibility of the registra
tion system. 

Even if the committee could 
decide anything, the computer 
registration system would proba
bly not be put into operation 
soon. According to Assisstan t 
Dean Paul A. Cartwright, regard
less of what anybody at the Uni
versity does, it seems unlikely 
that there will be a computer sys
tem in operation during this dec
ade unless there is a drastic 
change in the state Legislature's 
attitude towards higher education. 

When a computer system is 
finally installed, I.T. will probably 
see it first. Dean Cartwright got 
computerized transcripts for I.T. 
students a year before any of the 
other colleges got them, and he 
has been trying to convince people 
to try an experimental computer 
registration system in I.T. In fact, 
three years ago juniors in electri
cal engineering used CRTs for 
registration, and the experiment 
worked quite well. But there is no 
indication that the state Legisla
ture will release money for any 
more experimentation for quite 
some time. 

Until then we can just be 
thankful that students at this 
University are willing to put up 
with the present system. 

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 
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EXOBIOLOGY: A NEW 
SCIENCE IN THE MAI<ING 

by James M. Young 

((Five or six had al
ready hatched and the 
grotesque caricatures 
which sat blinking in 
the sunlight were 
enough to cause me to 
doubt my sanity. They 
seemed mostly head, 
with little scrawny bod
ies, long arms, with an 
intermediary pair of 
limbs which could be 
used at will either as 
arms or legs . . . As I 
stood watching the hide
ous little monsters 
break from their shells I 
failed to note the ap
proach of a score of full~ 
grown Martians from 
b h . d " * e In me .... 

18 

So Edgar Rice Burroughs, crea
tor of Tarzan, described life on 
Mars in his first novel written in 
1911. Burroughs had taken the 
ideas of astronomer Percival Low
ell and turned them into a novel 
about a dying planet whose seas 
had dried up and whose semi
barbarous societies fought with 
swords and atomic explosives. At 
the time Burroughs wrote, it 
seemed quite probable that Mars 
was a dying world that might, in 
Lowell's famous words, be Han 
abode of life." 

Half a century after Burroughs 
wrote A Princess of Mars it was 
obvious that the red planet could 
not hold the dying seas and ci vili
zations Tarzan's creator dreamed 
about before World War I. Observ
ations by the Mariner satellites 
(and by Soviet spacecraft) had 
shown by the mid-Sixties that 
Mars is a barren planet pocked 
with craters, blanketed by a very 
thin carbon dioxide atmosphere 
and ill-suited to life as we know it. 

Rather than being the aging 
planet Percival Lowell thought he 
saw through his telescope, Mars is 
apparently a juvenile world. Mars 
lost its primary atmosphere of 
hydrogen and helium more than 
three billion years ago when the 
Sun's radiation excited the origi
nal atmosphere of light gasses 
beyond the Martian escape veloci
ty. The Sun's radiation was so 
powerful that it ~~blasted away" 
the primary atmospheres of Venus 
and Earth at about the same 
time. But Venus and Earth soon 
coalesced into worlds with distinc
tive cores, mantles and crustal 
layers. This structure promoted 
volcanic activity on a massive 
scale, and the current atmo
spheres were outgassed by volcan
ic activity (though the Earth's 
atmosphere has since been 
changed by biological activity). 
Mars, which is much less massive 
than either Venus or the Earth, 
has apparently not yet finished 
coalescing into a mature planet. 
Its thin C02 atmosphere has been 
produced by outgassing, but it 
would evidently take several bil
lion years more for the planet to 

*From Edgar Rice Burroughs, A Princess 
of Mars (Chicago, 1917 and many subse
quent editions), Chapter IV. Copyright 
renewed 1939 by Edgar Rice Burroughs, 
Inc. 

coalesce, develop a hot core and 
begin to outgas an atmosphere as 
its inner neighbors did billions of 
years ago. Mars has barely start
ed its evolution, compared to our 
world or Venus. 

When geophysicists, astrono
mers and biochemists began to 
compare notes on Mars, they be
gan to d~~velop a new science. It is 
called exobiology - the study of 
life on other worlds. Exobiology 
has drawn on the theoretical and 
empirical knowledge of several 
sciences to create a unified con
cept of the formation of planetary 
systems and the development of 
life on other planets. 

Comparison of the Earth with 
Mars and Venus has led to a 
theory of planetary evolution 
based on the model developed by 
the German physicist C. F. Weisz
aecker in 1943. W eiszaecker took 
the 18th century hypothesis (first 
put forward by the French noble
man, Laplace) that dust clouds 
condense into planets, and turned 
it into a mathematical model 
based on observed occurrences. 
According to W eiszaecker, as a 
star coalesces from a dust cloud, 
the remaining dust surrounding 
the star begins to develop vortical 
currents. These tornadoes of dust 
cause the planets to form. As the 
entire dust cloud flattens into a 
disc, the dust which has not be
come part of some planet is 
pushed away from the central star 
by the star's radiation. According 
to W eiszaecker, planets form 
around a star as naturally as cats 
have kittens. Until 1972 there 
was one great problem that stood 
in the way of the complete accep
tance of this theory. 

If the planets had formed from 
such a dust cloud, then the Sun 
should be rotating on its axis 
much faster than it is - unless 
some mechanism acted to brake 
its rotation. If the Sun acted as 
the hub of such a swirling dust 
cloud, then it should have rotated 
increasingly faster as long as it 
remained in direct contact with 
the dust, since the angular-mo
mentum of the entire cloud would 
be transferred to the cloud's cen
ter. Once the planets had begun 
to form and the cloud began to 
disperse (either into the atmo
spheres of the planets or out of 
the solar system entirely), the 
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Sun should have continued to 
speed up its rotation until it 
reached a peak rotational speed 
several times faster than its cur
rent speed. 

But in 1972 the American as~ 
tronomer S. S. Huang reported 
that the Sun's magnetic field 
could have reacted with the pre
planetary dust cloud in order to 
break the solar rotational speed. 
This would have flattened the 
dust cloud into a disc and promot
ed planetary formation. Such a 
model also explains why stars 
younger than type F5 on the 
main sequence of stellar evolution 
(younger than our Sun) rotate 
rapidly, whereas stars of type F5 
or later (including our Sun, a 
type GO star) generally have a 
blurred spectrum and slower rota
tional speeds than younger stars. 
Our Sun's spectrum isn't blurred 
by a pre-planetary disc of course, 
but it may appear blurred by the 
planets when seen from other 
suns. The blurring of spectrums is 
very probably caused in part by 
dust clouds and pre-planetary 
discs. 

How many stars have planetary 
systems? In the Earth's immediate 
vicini~y - in our sparsely popu
lated corner of our galaxy's spiral 
arm - about 90 percent of all 
stars are on the main sequence of 
the Hertzsprung-Russell diagram. 
Of these, about 90 percent are of 
Type F2 or later and therefore 
are probably accompanied by 
planets. If the entire galaxy were 
consistently populated like the 
spiral arm we occupy, then 81 
percent of its 10 11 stars would in 
all probability have planetary 
systems; there would be about 8.1 
x 1010 solar systems in our galaxy. 

However, there is some evi
dence to show that the galaxy 
may not be uniformly populated 
like our spiral arm. In the core of 
the galaxy, for example, the con
ditions for star formation may be 
quite different. From Earth we 
can not see the core of our galaxy 
because the cosmic dust becomes 
so dense towards the nucleus that 
we are essentially blinded in that 
direction. So astronomers are not 
certain what conditions are like at 
our galaxy's nucleus, though they 
have begun to examine the nuclei 
of nearby galaxies to learn what 
it should be like. Even if condi-

tions in the rest of the galaxy 
were so different that the number 
of stars expected to have plane
tary systems were reduced by 
several magnitudes, there would 
still be thousands of planetary 
systems within our ((island uni
verse." This knowledge must come 
as a blow to some provincial hu
man beings who think Earth is 
unique among the stars. (Consider 
too that there are probably more 
than 10 9 galaxies in the universe.) 

Stephen Dole, a researcher for 
the RAND Corporation, developed 
a computer generated model for 
planetary formation based on the 
W eiszaecker hypothesis. His re
search, reported in Icarus: Inter
national Journal of Solar System 
Studies in 1970, suggested that 
every planetary system will have 
terrestrial and gas-giant (or jovi
an) planets. The terrestrial plan
ets will always orbit nearer the 
central sun than will the gas
giants. If Dole's model solar sys
tems are accurate representations 
of what the universe is like, then 
every solar system must have an 
Earth-like planet about as far 
from its sun as the Earth is from 
Sol. This implies that life as we 
know it may be as common as 
planetary systems. 

For wherever there is an Earth
like planet, it seems that life
forms based on the carbon atom 
are likely to arise. Given a planet 
with an atmosphere made up 
largely of C02 , NH4 and CH4 , 

and given that the planet is with
in the proper temperature range 
for water to exist as a liquid, the 
basic macromolecules on which 
life is based form rapidly. Expe
riments in the 1950s showed that 
amino acids could form in a labo
ratory model of the Earth's early 
oceans and atmosphere when 
electrical current - simulating a 
lightning bolt - was passed con
tinuously through the model. Dur
ing the 1960s it was shown that 
aminos and adenosine triphos
phate (ATP) can be formed by 
irradiating such a model with ul
traviolet light and hard radiation. 
Even simple agitation of water in 
a reducing atmosphere creates ATP. 

All life on Earth uses ATP to 
store energy. Since the molecule 
was very common in the Earth's 
ancient seas, the conditions were 
ripe for the formation of living 
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organisms. 
It apparently took about a bil

lion years for cellular life to de
velop on Earth. The ancient seas 
were full of organic molecules 
during this time - a ttthick soup" 
of potential life. At some point, 
after a chemical reaction which 
may have lasted 108 years, long 
chains of molecules developed in 
the oceans. Sections of cells (like 
the mitochondrion) may have de
veloped first, and were later some
how incorporated into a larger cell 
and maintained as part of the 
larger organism. (The mitochon
drion and chloroplasts have been 
shown to have their own DNA, 
somewhat different from that of 
the cell nuclei of the cells in 
which they appear. This implies 
that they developed independently 
from the cell.) 

It took between two and one
half to four billion years for an 
oxidizing atmosphere to develop 
on Earth. Large multicellular life 
has only dominated the planet 
during the last half billion years 
or so, and man has only existed 
for a few million years. It has, in 
short, taken about 4.5 x 10 9 years 
for a technological civilization to 
develop on Earth. 

Since both planets and life 
seem to form very easily - so 
easily, it seems, that amino acids 
can be found in the atmospheres 
of such inhospitable planets as 
Venus and Jupiter - the proba
bility is obviously very high that 
the inhabitants of Earth are not 
the only form of life occupying a 
planet. According to Dole's compu
ter-generated model solar systems, 
there ought to be life on one plan
et in each planetary system. 

What are the chances that 
there are other intelligent races, 
other technological civilizations in 
our galaxy? First of all, consider 
the time it takes for an average 
technological civilization like ours 
to develop - four and one-half 
billion years. If our galaxy is 
about 13 billion years old (as has 
been most recently estimated), 
then a technological society could 
have developed before the Earth 
began to form. Since it would 
have taken about two billion 
years after the galaxy's formation 
for main sequence stars with pla
netary systems develop, then 
Earthlike worlds probably existed 

11 billion years ago. Given 4.5 
billion years for life to develop 
and evolve (and for a technologi
cal civilization to arise), societies 
like our own could have developed 
6.5 billion years ago - 1.5 to 2 
billion years before Earth formed. 
Considering the vast number of 
solar systems that exist in our 
galaxy, the number of technologi
cal civilizations like our own that 
could have existed in the distant 
past is staggeringly large. 

Bear in mind that any civiliza
tion as advanced as we are - if 
we are indeed advanced at all -
has the capacity to destroy itself. 
If our civilization (or one like it) 
could avoid self-destruction, it 
could develop a technology capa
ble of controlling stars, solar sys
tems and perhaps whole galaxies. 
A Soviet astrophysicist, N. S. 
Kardashev, hypothesizes that 
there should be three basic . types 
of civilization in the universe, 
based on the amount of energy 
the civilizations' technologies al
low them to control. Type I socie
ties would be like our own -
capable of controlling the energy 
output of one planet; Type II civi
lizations would be able to control 
stars and solar systems; and Type 
III could control an entire galaxy. 
In an essay ttOn the Detectivity of 
Advanced Galactic Civilizations" 
in the July 1973 Icarus, Carl 
Sagan has brilliantly estimated 
the probable number of such so
cieties in our galaxy. 

Sagan supposes that the num
ber of civilizations in our galaxy 
can be estimated in relationship 
to the rate of the emergence of 
civilizations (based on the rate of 
solar system formation) and the 
mean lifetimes of such civiliza
tions. The principles for this esti
mation are outlined in a book 
Sagan wrote in collaboration with 
the Russian I. S. Shklovskii, 
Intelligent Life in the Universe. 
The American astronomer Frank 
D. Drake framed the first postu
lates for this research in the early 
1960s. Drake said that 

N = R L, (1) 
where N is the total number of 
civilizations, R is the rate of the 
emergence of technological socie
ties (which is a function of the 
rate of stellar formation, plane
tary formation, the number of 
planets where life occurs, and the 
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fraction of that number where civ
ilizations do emerge), and L is the 
mean lifetime of these societies. L 
is set with the assumption that 
large numbers of civilizations can 
survive to ages measured in terms 
of hundreds of millions or billions 
of years. 

Sagan has computed the total 
number of civilizations with the 
further assumption that any civi
lization that reached the Type II 
technology level will have passed 
the stage where it will destroy 
itself. Sagan then divides L into 
two values, Ld (the time in which 
a Type I civilization has the po
tential to destroy itself) and L g (a 
large number representing a long 
lifetime for a society, roughly 
equivalent to the lifetime of a 
small star). Setting f g as that 
fraction of civilizations which sur
vive for Lg, Sagan says that 

L- (1-fg) Ld + f g Lg. (2) 

Therefore the total number of 
civilizations in our galaxy will be 

RECOMMENDED READING 
There is a great deal of material 

about the possibilities of extraterrestrial 
life in any library, most of it drivel. But it 
should be remembered that 90 percent 
of everything is crud. The ten percent 
remaining makes very interesting read
ing indeed. 

Probably the best all around discus
sion of the subject is in Carl Sagan and 
I.S. Shklovskii's Intelligent Life in the 
Universe (San Francisco. 1966). The 
book is excellently illustrated and ex
tremely readable. It provides wide-rang

, ing background material for further read-
ing. 

Another book well worth reading -
and the book that triggered most pres
ent work on exobiology - is the anthol
ogy Biology and the Exploration of 
Mars, edited by J. P. T. Pearman. Colin 
S. Pittendrigh and Wolf Vishniac 
(Washington. D.C., 1966). This book 
contains a chapter on exotic biochemis
try that is really fascinating. "What is 
Life?" - the first chapter written by 
Daniel Mazia - is also quite good. 

Another anthology of essays by many 
people. edited by Eric A. Ottesen and 
Elie A. Shneour. is Extraterrestrial Life: 
An Anthology and Bibliography 
(Washington. D.C.. 1966). It contains 
many interesting articles on such topics 
as "The Nonprevalence of Humanoids." 

about 

N .- R [ (1-f g) L d + fg Lg]. (3) 

He then applies some probably 
figures to these values. He sets 
L g at about 10 9 years, f g at 
about 10-2 , and R at about 10-1 

stars per year -1 . (R was set at a 
different value in Intelligent Life 
in the Universe and revised to this 
value in the article.) As long as 
L d << Lg, L should be equal to 
about 107 years (by equation 2). 
Therefore N should be equal to 
about 106 civilizations. 

Sagan realizes full well that 
some of his assigned values may 
have to be altered as astronomical 
knowledge increases. Still, the 
idea that there are one million 
civilizations in our own galaxy -
most of them Type I societies -
is surely well supported by this 
argument. Changing the value of 
Ld would alter the value for N of 
course, and Sagan's value for Ld 
is indeed very small; he does not 
think much more than one thou-

Many of the authors here are quite self
conscious about the fact that they are 
writing speculative material that could 
be classified as science fiction. 

Exobiology, edited by Cyril Ponnam
peruma (Amsterdam. London and New 
York. 1972) is a very scholarly book on 
the subject. Some of the chapters are 
interesting. but this is not an exciting 
book. A concluding chapter by Carl 
Sagan describes Stephen Dole's model 
solar systems. 

Sagan. an ubiquitous individual. edits 
a journal called Icarus: International 
Journal of Solar System Studies. 
Despite attempts to look like a staid 
scientific publication. Icarus is actually a 
science fiction magazine - with the 
emphasis on science to the almost total 
exclusion of the fiction. The July 1973 
issue has three excellent articles on the 
topic: Sagan's "On the Detectivity of 
Advanced Galactic Civilizations;" John 
A. Ball's "The Zoo Hypothesis;" and F. 
H. C. Crick and L. E. Orgel's "Directed 
Panspermia." An essay on "Extrasolar 
Planetary Systems" by Su-Shu Huang in 
the March 1973 issue is also quite in
teresting. 

All these works have been consulted 
during the preparation of this article. 
They may all be obtained in the Physics 
Library. 
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sand years would be spent in the 
balance between self-destruction 
and movement into a Type II cul
ture. Dependent on how pessimis
tic one feels, 1,000 years may or 
may not be a very fair - or a 
very long - duration for a cold
war period in the history of a 
technological society. 

Sagan concludes his article by 
recommending that we look for 
evidence of Type III civilizations 
because the manipulation of whole 
galaxies ought to be easily visible. 
Since there are apparently some 
odd stellar motions in the core of 
the spiral galaxy M31 in Andro
meda (see Vera C. Rubin, ((The 
Dynamics of the Andromeda N e
bula," Scientific American, June 
1973), we may already have found 
evidence of such a society. Since 
M31 is about 2.2 x 106 light 
years away, the manipulation of 
stars in its nucleus took place -
if it was indeed manipulation and 
not some as yet inexplicable natu
ral phenomenon - more than two 
million years ago. Without realiz
ing it, and without any of the 
flying saucer fanatics ballyhooing 
it, astronomers may already have 
uncovered evidence of a very ad
vanced extraterrestrial civilization 
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which flourished in another gal
axy before men had begun to 
build cities on Earth. 

Exobiology is a science still 
feeling its birthpangs. Any new 
science draws heavily on the tech
niques and knowledge of other 
sciences, and most exobiological 
study has concentrated on learn
ing how life evolved on this plan
et and how it might evolve on 
other worlds. Eventually, as man
kind increases its knowledge of 
the cosmos, exobiology will devel
op into a comparative science. 

Researchers in a new field often 
feel self-conscious about their en
deavours into a ((radical" field. 
Especially since exobiology is so 
closely related to science fiction, 
many scientists intrinsically dis
trust it. For this reason there has 
been little theoretical work done 
on the nature of ((life as we don't 
know it" - that is, exotic bio
chemistry based on silicon, nitro
gen or sulphur atoms rather than 
carbon. Mars might be an appro
priately cool place for life to 
evolve using silicon as the basis 
for a genetic macromolecule, for 
example; but United States Mars 
landers will be designed only to 
look for carbon-based life. In other 

~~~~," 
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words, researchers are so self
conscious about exobiology that 
they are not prepared to investi
gate other worlds completely and 
intelligently. (Appeals have re
cently been made, however, to add 
devices to American Mars probes 
which can search for evidence of 
exotic biochemistries on the red 
planet.) 

In order to advance human 
knowledge, human beings must be 
willing to speculate. No matter 
where an idea originates, whether 
in science fiction or in a joke, if it 
is a well thought out idea it is 
always worth exploring. It may 
well be worth considerable ex
penditure of money to develop 
exotic biochemistries in the labo
ratory. New medical treatments 
and further know ledge of how 
carbon-based life developed are 
two of the many possible spin-offs 
of such investigation. 

When astronauts land on Mars 
they will not find the exotic ruins 
and dying world of Edgar Rice 
Burroughs. But they will discover 
new facts about the most exotic 
thing men have yet found in the 
Universe - life itself. 
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Gould is a company of Proud 
Inventors, committed to new 
product development as our basic 
growth strategy. Our expertise is 
concentrated in four integrated 
technologies; electrochemical, 
electromechanical, metallurgical 
and electronic. The advertisement 
below, which appeared originally 
in THE WALL STREET JOURNAL, 
shows one example of the kind of 
projects going on at Gould. 

Our proud inventors have cre
ated a more efficient elec
tric heating element. Called 
Flexatherm, it's made from 
expanded metal I foi I, formed 
into a latice design. This ex
poses a much larger surface 
area to the airflow. The surface 
temperature of the element is 
lower-in the black-heat range 
-and more heat is distributed 
into the heating system. 

Flexatherm offers greater 
overall heating efficiency, in
creased safety and an antici
pated longer operating life to 
manufacturers of forced air 
heating systems. For more in
formation, write Gould Inc., 
8550 West Bryn Mawr Avenue. 
Chicago, Illinois 60631. 



Empty hook? 
Try our line! 

12) -7 
Donaldson, located in the sports and cultural center 
of the upper midwest, is searching for engineers and 
scientists to meet the ever-inereasing 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 

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 he 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. 

an equal opportunity employer 

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



Ch. .' s are in deman * 
To do what? Some recent experiences: 

B.S.Ch.E., University of Nebraska '73 

He picked the Kodak Research 
Laboratories. 
Why research? 
Answer: "The challenge of studying the 
unknown." 

Translation: "Science and engineering are 
different. In this spot I think I'll be able to 
go either way. Or both." 

B.S.Ch.E., Worcester Polytechnic Institute '73 

He picked product development. 
Why product development? 
Answer: "A good product which the cus
tomer appreciates fulfills the Product De
velopment Engineer's need for satisfaction 
in his work." 
Translation: "After two weeks of my 
Kodak career, the future looks good." 

B.S.Ch.E., Carnegie-Mellon '72 

He picked process development. 
Why process development? 
Answer: "Challenge and creativity." 
Translation:" Actually, I'm already spend
ing half my time on product development. 
Keep loose and you do O.K." 

B.S.Ch.E., Lehigh University '73 

He picked industrial engineering. 
Why industrial engineering? 
Answer: "Gives me a chance to utilize my 
background working with people." 
Translation: "There is more to life than 
thermodynamics.'' 

B.S.Ch.E., Oklahoma State University '72 

She picked manufacturing staff. 
Why manufacturing staff? 
Answer: "Offers a chance to work closely 
with operations in the field of pollution 
control." 

Translation: "Those power plant stacks 
are now my stacks." 

B.S.Ch.E., Virginia Tech '73 

He picked sales. 
Why sales? 
Answer: "Because it is a career of travel 
and change, and because sales utilizes an 
entire person. A sales representative uses 
not only his intellect but all his powers of 
communication and persuasion to further 
his career." 

Translation not required. Engineers who 
talk like that ought to be in sales. 

Engineers are not hired for talent in vivid writ
ing. If you'd like to be an engineer at Kodak, tell 
your Placement Office or notify Business and 
Technical Personnel, Eastman Kodak Company, 
Rochester, N.Y. 14650. Most of the actual open
ings are in Rochester, N.Y., or in Kingsport, 
Tenn., but not, by any means, all of them. 

An equal-opportunity employer m/f 

*So are other engineers. These are inter
disciplinary times. But you have to show 
you have mastered the old basics, what
ever else you've mastered. Otherwise 
you won't understand the language 
spoken here. 
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Trying to figure out the exact 

kind of engineering work you 
should go into can be pretty 
tough. 

One minute you're studying 
a general area like mechanical 
or electrical engineering. The 
next you're faced with a maze of 
job functions you don't fully un
derstand. And that often are 
called different names by differ
ent companies. 

quite a few engineers. So we 
thought a series of ads explain
ing the work they do might come 
in handy. After all, it's better to 
understand the various job func
tions before a job interview than 
waste your interview time try
ing to learn about them. 

turing products. Selling and 
servicing products. 

This ad outlines the types of 
work found in the Development 
and Design area at G E. Other 
ads in this series will cover the 
two remaining areas. 

We also have a handy guide 
that explains all three areas. For 
a free copy, just write: General 
Electric, Dept. AK-1, 570 Lex
ington Avenue, New York, New 
York 10022. General Electric employs 

Basically, engineering at GE 
(and many other companies) can 
be divided into three areas. 
Developing and designing prod
ucts and systems. Manufac-

Basic I Applied 
Research Englneering 

Motivated by a curiosity about nature, the 
basic research engineer works toward uncov
ering new knowledge and understanding of 
physical phenomena (like the behavior of 
magnetic materials). From this data base, , 

, the applied research engineer takes basic 
principles and applies them to a particular 
need or problem (such as in
creasing the energy available 
from a permanent magnet). 
Output is aimed at a market
able item. Both work in 

. laboratories'ai1d advanced .zt."cc-~'~~ 
d~grees are usually required. 

Advance Product 
· Engineering 

Advance engineers bridge the gap between 
science and application. Their job is to 
understand th~ latest advances in materials, 
pi·oce$ses, etc., in a product area, then use 
this knowledge to think up ideas for new or 
improved products or to solve technical prob
lems. They must also prove the technical 
feasibility of their ideas through laboratory 
testing and models. Requires a highly cre
ative, analytical mind. A pioneering spirit. 
And a high level of technical expertise. Out
put is often a functional model. 

Product Design Engineering 
Design engineers at GE pick up where the 
advance engineer leaves off. They take the 
product idea and transform it into a product 
design that meets given specs and can be 
manufactured. Usually, they are responsible 

GENERAL 

for taking their designs through initial pro
duction to prove they can be manufactured 
within cost. Requires a generalist who can 
work with many experts, then put all the 
pieces together to make a product. From 

power plants to toasters.Output is schemat
ics, drawings, performance and materials 
specs, test instructions and results, etc. 

Product Produ<:tion 
Engineering 

Production engineers in
terface between the 
design engineer and 

manufacturing people . 
They interpret the product 

design intent to 
manufacturing. They 
maintain production 

scheduling by trouble
shooting during manu

facturing and determining deviations from 
specs. When necessary, they help design 
adaptations of the product design to im
prove quality or lower cost without changing 
the essential product features. Requires inti
mate familiarity with production facilities. 

Engineering Management 
For people interested in both engineering 
work and management. Engineering man~ 
agers plan and coordinate the work of other 
engineers. They might oversee product devel
opment, design, production, testing or other 
functions in marketing and manufacturing. 
Requires a strong technical base gained 
through successful engineering work. Sensi
tivity to business factors such as cost and ef
ficiency. Plus the ability to work with people. , 

ELECTRIC 
An Equal Opportunity Employer 
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The beauty of cast-steel construction is that 
you can combine the casting process with an
other production technique, and cash in on the 
economies of both. 

Suppose you had to create a heavy-walled 
fluid-handling component with complex inter
nal configuration ... a component that is basi
cally a "twin" design. Can it be made as a 
single casting? Easy- but how much more 
economical to sptit the design into two 
"chunky"castings (thus minimizing core 
costs) and then weld the two halves together. 

Theoretical? Not at all. We're talking 
about the 12,000-pound, 7-foot-long com
pressor cylinder shown ... Designed for 
continuous operation at 1150 psi, it must 
withstand testing at 1800 psi, plus rigorous 
radiographic and magnetic particle inspec-

r I 
tions. How else would you make this campo .. 
nent? Forge it? Impossible. Hog it out of a 
solid chunk of metal? Prohibitively expensive 
... By using cast-steel the designer got maxi
mum economy, plus the extreme dependability 
and safety which were "must" requirements 
in this high capacity compressor unit-since 
he could specify the precise composition 
needed to meet calculated stress require
ments. 

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

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

STEEL FOUNDERS' SOCJ:ETY OF AMERJ:CA 

Cast-Steel 
r Engineeri ~ib ty 





APPLIED PHYSICS LABORATORY 

.APL is a laboratory dedicated exclusively to research development. Engineering, weapons systems. 
space, urban transportation, geo~ogical physics. air traffic control, pollution, and medical physics are 
some of the areas studied. 

APL is a division of John Hopkins University. It has a total staff of 2,500, of whom 1,200 are profes
sional scientists and engineers. The main laboratory is located on a 355 acre site within easy commuting 
distance of Washington. D.C. and Baltimore. Md. 
The scope of activity at .APL includes: Applied Research 

Systems Engineering 
Research and Development 
Systems Evaluation 

TRAINING PROGRAM 

If you have a bachelors or masters degree, you are enrolled in a three month training program taught 
by laboratory personnel. This program serves as a link between your college work and activities at APl. 
You are then assigned to a group at the laboratory that best suits your interests. 

To best assess your future at .APL. sign up for an interview on November 1, 1973. You can sign up in 
the I.T. Placement Office. ~f you are unable to attend an interview on November 1, write to: 

William H. Nord 
Personnel Representative 
Applied Physics Laboratory 
John Hopkins University 
8621 Georgia Avenue 
Silver Spring, Maryland 20910 
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(Dedicated, Responsive, Knowledgeable 
people) Men with vision launched Univac 
and a new era. 

Today, some 30,000 Univac people throughout 
the world bring to their tasks superior 
scientific competence, technologica~ skills of 
a high order, inspiration, and extraordinary 
imagination. 

They fill exciting jobs in a vastly exciting industry. 

They are found all over the world: scientists, 
technicians, sales representatives, assemblers, 
programmers, systems analysts, field engineers, 
accountants, marketing specialists. Men. 

If you are interested, write 

Women. All races. All creeds. 

Since the computer industry is in itself youthful, 
Univac people tend towards youth. Average 
age is near 30. But maturity and experience 
are present, too. Many of those in on the 
beginning of Univac are still found in management, 
research, the laboratories, the field, the offices 
and at sophisticated computer sites. Perhaps 
tracking a space satellite. Or helping to probe 
the causes of cancer. Or keeping a transportation 
system on schedule. 

Univac people are its most significant asset. 

Employment Manager 
Univac Defense Systems Division 
P.O. Box 3525 
St. Paul, Minnesota 55165 



ITS is solving business prob
lems with computer applica
tions. Share in this dynamic 
environment. Opportunities 
in computer science for: 

Programmers 

Systems Analysts 

System Designers 

internat i< )nal 
titneshar~~~~ 
C<)r})()ration 

ITS building, 
Jonathan Industrex 
Chaska, Minnesota 55318 
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Details of the Foshay Tower 

1/zis structure, norr.v under 

Washington Monument. 

ARCHITECTURAL features em
bodied in the design of The Foshay 
Tower, now under construction in 

Minneapolis, make this building of par
ticular interest to the engineer. 

Its unusual height of 30 stories, great
er than that of any other Minneapolis 
building, or of any as yet announced, has 
a certain public appeal, and it is prob
able that The Foshay Tower heralds a 
period of construction to be character
ized by a group of buildings which \vill 
materially alter the Minneapolis sky 
line. 

In overcoming the problems which 
would arise from the design of a build
ing of this type, the University of Min
nesota has played an important part, 
since the men intimately identified with 
the work received their training here. 
G. R. Magney and W. H. Tusler of 
the firm of Magney & Tusler, Inc., the 
architects, are Minnesota men. Mr. 
Magney completed a special course in 
architecture and engineering in 1905, 
and Mr. Tusler graduated from the 
College of Science, Literature and the 
Arts. Leon E. Arnal, the designer of 
the building, is a professor of architec
ture at Minnesota. In addition to these 
men, there are about a dozen identified 
with the firm who are former students 
of the College of Engineering and 
Architecture. 

The Foshay Tower is patterned after 
the Washington monument, and the tap
ering outside \valls of the tower con
verge at the rate of about 4 inches to 
each floor, extending from the second 
floor to the roof. The architects con
sidered that this "'as too great a taper to 
permit the running of the wall column~ 
verticallv, with an off set at splices, so 
thev ar~ built at an angle to conform 
wit-h the outside walls. At the base of 
the tower the dimensions are 81 ft. x 87 
ft., and the walls converge to a Hoor 
area of 59 ft. x 65 ft. at the base of the 
pyramidal roof. 

To insure stabilit~· for so slender a 
structure, the footings "·ere run to a 

December 1973 

construction zn Minneapolis, is patterned after the 

It is to be taller than any building in the Northwest 

Br ALBERT W. -MoRsE, E. '29 

depth of 62 ft. below street level, ex
tending 12 ft. into rock, the last 8 ft. 
being below standing-vvater level. Bor
ings were made at the center of each 
caisson excavation, so as to determine 
the structure of the rock ledge, and this 
in turn governed the construction of the 
GliSSOnS. 

A coffer-dam was used in the excava
tion, and to accommodate the earth 
pressure which later is to be carried by 
the building, in addition to the wind 
pressure, prov1s10n had to be made 
against rather large shearing force;; at 
the foundation. A horizontal system of 
trusses in the basement floor is intended 
to transfer these forces to the walls, and 
from there they will be taken to the 
foundation by means of vertical bracing. 

Sub-basement excavation extends 50 
feet below street level. 

Provision for wind stress, occasioned 
b)' a rather large bending moment of the 
steel columns, was one of the chief con
siderations in the design of the tower, 
and after this had been provided for it 
was found that an additional provision 
{or the dead and live loads was unneces
~~ary. Columns and girders with espe
cially designed wind-bracing features, 
including brackets at the ends of the 
girders to maintain rigidity, are intended 
to care for this wind stress, with the 
reinforced concrete floors acting as stiff 
diaphragms in resisting the tensional ac
tion caused bv the wind. 

Thirty po~nds for each square foot 
of exposed surface is the ·wind require
ment of the l\!Iinneapolis Building ln
spectQr's office, and this is the equivalent 
of a 97 mile-per-hour "·ind. It is be
lieved that the maximum wind velocit\· 
recorded ln· the federal weather bureau 
for this dis.trict is 76 miles per hour, the 
equivalent of about 15.5 pounds per 
~quare foot. l\1inneapolis is not in what 
is knmn1 as the tornado belt, which is 
liable to receive \Yind Yelocities up to 
J 37 miles per hour, or about 60 pounds 
per square foot, A hurricane recorded 

l()j 

{or August 20, 1904, was the most recent 
one in this vicinity, and in these wind 
disturbances of a velocity of 100 miles 
per hour are rarely exceeded. It is be
iieved that with the general require
rr:ents as specified by the office of the 
Minneapolis building inspector, any 
building so designed could safely with
~~tand any storm which might occur in 
this district. 

With the allowable unit stresses one
fourth of the amounts which would be 
necessary to cause failure of the build
ing, it becomes apparent that 120 pounds 
per square foot wind pressure would be 
necessary to cause destruction. 

A further requirement of the Min
neapolis Building Inspector's office is 
that overturning moment created by 
wind cannot be greater than 7 5 per cent 
of the stability moment of dead weight, 
and in the Foshay Tower this is 14 per 
cent. 

LoADS varying between three and 
four million pounds are carried by the 
inside columns, which ,in turn are sus
tained by steel grillages built ''vith steel 
slabs in the caissons. It is believed that 
the dead load carried lw a column bv far 
exceeds what uplift ~ay be caused by 
wind, making unnecessary any anchorage 
to allow for this uplift after erection of 
the steel has been completed. 

Specifications call for a reinforced 
concrete chimney, five feet in diameter, 
with the top at the point of the pyra
midal roof, to be invisible from the 
street. This chimney, together with the 
elevators, stairway, toilets, janitors' 
closets and pipe space is to be carried up 
through the center of the building, thus 
insuring the maximum of light and air, 
with all office space on the outside. 

r t is planned to provide storage tanks 
in the basement, on the seventeenth floor 
and in the roof space for f1re protection, 
"·ith hose connections on each story. 
The tanks on the upper floors are to be 
~upplied \\·ith cit~- water by pumping, 

(Continued on par;e 124) 
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A NEW ELECTRICAL BUILDING 
Plans Are Nearly Completed For The Next Unit In 

Ten Year Building Program 
By Albert W. Morse 

WITH plans ready for the contra~tor, thy 
Electrical Engincerin~ department JS practl
callv assured of having a new building by a. 

year frorr1 this fall. Thi,s will provide adcqua~e 
housing for department offices and classes, and ,~·1lt 
place on the campus one of~ t~e ~ost attract:ve 
buildings included in the Umverstty expans10n 
program. 

In securing these new quarters, Prof. G. D. Shep
ardson, head of the departm~n.t, wi_ll reach a goal 
toward which he has been stnvmg smce he came to 
the college in 1891. Unforseen difficulties have b.cen 
encountered in the course of the years of planntng, 
but at last a building has been assured which will 
be worth the effort. 

The location is between the main engineering 
building and the Northern Pacific tracks .. a~ finally 
decided upon. The front of th.e ne:v ~mt ts. to be 
on line \vith the front of the mam bUJidm~, w1th the 
laboratory extending back i.n the direction of the 
experimental building. It is anticipated that eventu
ally the front of the new building will b.e the same 
length as that of the main engineering butlding, \\:ith 
the addition built on to the north. The mechamcal 
department will probably occupy this part, hav.ing 
a laboratory extending ~ack parallel to the electncal 
laboratory. Provision is made for a hallway to pass 
through the entire fro~t of the comple.tcd s~ru.ctur.e. 

The front section w1ll equal the matn bmldmg m 
depth and height, and be of corresponding architec
ture. A connecting link with a hip roof will then 
extend back to the laboratory, which will differ 
slightly in architecture from the front portion. The 
entire structure could not be designed similarly to 
the main engineering building and kept within the 
$300,000 appropriation, so the architect conceived 
the idea of having a narrow, connecting link to in
troduce the change. 

Department offices will be 1ocated. on the rr:ain 
floor to the right of the entrance, w1th a semmar 
room on• the extreme right and two laboratory and 
sevice rooms across the branch corridor. Space on 
the left is allocated to a class room, an office, a pho
tometer room, and a stairway. Proceeding out 
through the connecting link, three laboratory roon;s 
will be on the right, and on the left hand there w11l 
be in turn a janitor's closet, faculty toilet, and three 
offices. 

Standing in the doorway of the main, two-story 
laboratory, a person will be able to get the finest 
vista on the campus, a distinction now conceded to 
the engineering library. Every detail is planned 
symmetrically, and the confusion so apparent in the 
present building will be entirely lacking. 

According to C. H. Johnston, state architect, who 
designed the building, this 150x55-foot laboratory 
will be one of the finest located in collegiate institu~ 
tions throughout the world. .Its system of commu
nicating trenches and shafts for wiring makes it 
exceedingly elastic. Seven vertical wire shafts built 
into the walls enable conneC'tions to be made freely 
,..,.ith the different floors. Two of these are located 

at the front of the building, hvo at the junction of 
the front section with the connecting link, t\VO more 
at the entrance of the laboratory, and one beside the 
elevator at the north side of the laboratory. These 
shafts connect with a wall trench extending around 
the building, v.;hich in turn branches off into lateral 
trenC'hes in the floor at intervals of twenty feet. 
Thus a student will be able to operate machinery at 
any point in the building v .. ·ithout exposing a net
work of \vires. 

An interesting feature of the l.aboratory will he 
the system of bringing in new eqUipment. Vans will 
unload onto a cement coping at the rear of the build~ 
ing, and the main crane ·will be brought inlo play 
through some double doors, el~mi?atin.g the i~juries 
to a building caused by bnngmg m cqmpment 
through regular entrances: 

Prof. F. \V. Springer is responsible in no small 
degree for the completeness and admirable arrang"e
ment of the laboratorv. He has maintained an active 
interest in this work ~ver since his entrance into the 
department, which is amply testified to by hi.s ~on
stant interest in the laboratory of the old hutldmg. 
A piece of apparatus developed and constructed by 

~.;~:~,ssi~r t~~ri;(~r~~b~~h~~~e;~~ti~~e~~~~re~~e ~~~.~::~~~ 
board. This was finished in 1\:Iarch, 1912, and IS still 
giving satisfactory service. 

On the second floor, the front section will contain 
three unusually large rooms, devoted to classes, 
study, and illumination laborat~)f.Y work. Here the 
various systems of lighting wtll be demonstrated, 
including straight Jirect, straight indirect, and semi
indirect. Then there \viii be a dark room for radio 
work, and the stairway. The entire right s_idc of the 
connecting link \viii be taken up by a des1gn ~oom, 
with lateral trenches in the floor to facilitate wtring. 
On the left there are to be a janitor's closet, a wom
en's toilet, and three private laboratories. The 
entire second floor of the main laboratory will be 
devoted to a gallery extending out about ten feet 
from the front and sides, with a narrow passage 
across the back. 

1-fost of the front section on the third floor will 
be converted into a lecture hall. Here the student 
branch of the American Institute of Electrical Engi
neers will finally come into its own. In the past, 
institute members have been buffeted by the winds 
of fortune betv.,.·een the engineering auditorium and 
numerous rooms in the 1\.-linnesota Union. Arrange
ments will be made for stereopticon and moving pic
ture facilities, and the room will be available for 
various lectures of interest to department members. 
A classroom, a photometer room, and an apparatus 
room are also to be located here. 

Storage space will be found on the right of the 
connecting link, and the left side will be divided into 
two smaller storage rooms, a janitor's closet, and a 
faculty toilet. 

The third floor of the laboratory will be probably 
one of the most complete communication-develop-
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CAPPELEN MEMORIAL BRIDGE 
By 0. H. Hosmer, '23 

THE NEW FRANKLIN A VENUE BRIDGE 

The four hundred foot concrete arch constituting 
the main po<tion of the Franklin Avenue bridge will 
be the longe['t concrete arch bridge in the world. 
This span surpasses the Risorgimento Arch across 
the Tiber river at Rome by sixty-two feet. The 
record span of the Franklin Avenue bridge and its 
engineering achievement make it a noteworthy struc

ture. 
The main arch will consist of two separate ribs 

of 400 feet between the faces of the piers with a 
rise of 88 feet above the springing line. The two 
arches on each end. already completed, have a span 
of 199 feet and S S feet S inches respectively. mak
ing a total length of 1 0 11 feet 6 Yz inches between 
the shore abutments, The 400-foot span is neces~ 
sary to give a channel clearance of SO feet by 300 
feet above the springing line elevation as required 
by the War Department for navigation purposes. 

The geological conditions of the river bed at 
Franklin Avenue are typical of this section of the 
Mississippi river. Overlying the bed rock are huge 
boulders and a conglomerate of glacial deposit and 
limestone debris varying in depth from a few inches: 
to a few feet. As the foundations for the new 
bridge are only SO to 75 feet from the foundations 
for the old steel bridge, new shot-drill core borings 
were unnecessary. Sufficient holes were drilled at 
the time of laying the foundation for the steel bridge 
to determine the condition of the various strata, to 
make certain that the sandst~ne strata lay in its 
natural bed, and that there were no breaks or cav
erns beneath the top layer. The piers for the ap~ 
proache!!! are founded on solid limestone, and in a 
few instances: on hard compact clay. 

In july. 1919, the building of the cofferdam 
frames was begun about a half mile up the river 
from the bridge site, and when completed were 
floated into position. These frames were 80 feet 
up and down stream. and 64 feet wide, and divided 

into two compartments, 40 by 64 feet to facilitate 
handling. The 14-inch steel sheetpiling which sur~ 
rounded the frames was driven through the conglo
merate of gravel and the limestone debris into 'the 
underlaying sand rock. The boulders were removed 
from the foundation site before the cofferdam 
frames were in position. and to further expedite the 
work, excavation of the debris with a clamshell 
bucket was begun before the driving of the piling 
was completed. The forms for the piers, which 
measured 35 feet by 73 feet at the springing line 
and 64 feet by 80 feet at the base, were set in 
place after the cofferdam had been unwatered by 
three motor-driven centrifugal pumps. Although 
it was late in ·December before the forms were in 
place, the work of pouring the concrete was carried 
on regardless of the weather. This was accomplish~ 
ed by heating the water and the aggregate with 
steam coils, and the concrete in place by coke fires 
in salamanders. The temperature of the concrete 
mortar when poured into the forms was about 60 
degrees fahrenheit. 

Each rib of the main arch will be 12 feet wide with 
a radial thickness of 8 feet at the crown and 16 
feet at the springing line, and will carry spandrel 
walls 14 feet 4 Y4 inches apart with concrete cross 
girders to support the concrete deck. The rib re
inforcement frames for the main arch, five for each 
rib, will consist of 6x6xVz structural steel angles. 
Smaller angles were used for the arches already 
completed. Cantilever sidewalk beams overhang
ing S feet 3 inches cast with the spandrel walls, sup~ 
port the sidewalk. These beams typical in design 
to those of bridges of this type give a solid support 
and a most graceful effect. The Aoor slabs over 
the main arch will be continuous over four spandrel 
walls at the crown and over two spandrel walls at 
the abutment!!!. 

The floor slabs and girders under the trolley 
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South l~ft'>tiiiort uf lire,\",·;:,· Elatriml Huilding 

ment units in the country. Hesearch and practice 
rooms, grouped .about the radio station, .':'ill a!Tt.~r~l 
students exceptiOnally cot~plete and unified faCt.lt
ties. The station itself, w1th its ante-room, stud1o, 
and station, will occupy the forward part of the left 
side. Behind this, there , ... ill be a research room, a 
branch corridor leading to the stairway and elevator, 
a telephone research room, quarters .for high fre
quency testin~, and finally a large radto Jaborator;-. 
Located on the other side of the building, there wtll 
be a telephone ami telegraph laboratory, correspond
ing in size to that for radio, and between the two 
and at the end of the main corridor will be an appa, 
ratus room. Forward on the right side, there arc to 
be two offices opening off from an ~ssistance room. 
Then the remainder of the space will be allotted to 
signal corps work, with subdivisions devoted to an 
apparatus room, a practice room, an office, and two 
research rooms. 

Two seventy-five·foot towers, placed at the 
tre~e ends of the roof, will support the radio 
And, in order to prevent useless speculation on 
subject, it may be stated here that precautions 
be taken to prevent the accessibility of the towers 
during class scraps. 

A sub-basement will provide a large amount of 
general space, with only a small portion taken up 
by a machine room. 

It is planned to devote the front S(:ction of the 
basement to mechanical equipment, elcctro,thcrmal 
practice. a classroom, two dark rooms, and a corri
dor running laterally the entire \vi.dth, with entrance 
at the ends. In the connecting lmk, the right side 
will be divided into a students' toilet and a room for 
dielectric tests. On the left will be a janitor's closet, 
a laboratory, and two offices. 

Sophomores have been kept in the basement for 
so many years that when the plans were laid out it 
was only natural to set aside a portion ui this part 
in the new building for tlwir laboratory. Professor 
Shepardson, howeYer, intends to Jet the sophomores 
use part of the main laboratory. Rooms for measure
ments, meters, and svare part!:' take up the remain
der of· the rig-ht side. On the left will be a large 

room, a machine room, a shop, and 

Since its organization in 1889, the new building 
"vill he the first satisfactory solution of the depart
ment's housing problem. It at first occupied the 
ea.st half of what is now the Men's union, which it 
yacated in 1899. Then it was scattered in seevral 
buildings, with the offices and library in the armory, 
the laboratory in which is now the forge shop, and 
classes wherever possible. In 1901, the present elec
trical building was erected at a cost of $1.9,766.50, 
exclusive of the chimney and basement, wh1ch were 
added later. The original plan was to put a front 
across at the east ends of the electrical and mechan
ical buildings, and in 1907 the legislature appropri
ated $250,000 for this purpose. During the same 
session, however, $4-SO,()(X) was voted for extending 
the campus over the Great Northern tracks, and it 
was decided to wait and erect a building on the new 
ground. Accordingly, the $250,000 "··as used in the 
erection of the main engineering building, and the 
electrical department waited. 

Agitation for the new building started again in 
earnest when on Dec. 12, 1910, the engineering fac~ 
ulty YOted in favor of requesting its erection. After 
"ahnosl" getting the bill through the legislature 
three times, it was included in the general Univer
si1y expansion plan, for which the legislature made a 
ten-year provision in 1919. In the spring of 1921, 
the regents made an allotment for visiting other 
electrical laboratories, and in December of the same 
year they voted $300,000 for the building itself. 

Various considerations made it desirable to place 
the structure between the main engineering and 
chemistry buildings, but it was found that the cost 
on that site would amount to approximately $450,-
000, with only $300,000 available. The architects 
tn:lde their report to the board of regents in Decem
ber, 1922, offering the alternatives of either a larger 
allotment or the use of a smaller site. Action by 
the Greater University Corporation released the 
space directly north of the main engineering build
ing, and it was decided to place the electrical build
ing here. 
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tracks are designed for 50~ton cars with 25 per cent. 
impact, and under the remainder of the roadway 
for 15 0 pounds per square foot, or an axle load of 
40,000 pounds, with 25 per cent. impact. 

For slab and girder design the permissible 
stresses in the concrete are 650 pounds per square 
inch for compression, and 16,000 pounds per square 
inch tension in the steel; for arches, 600 pounds per 
square inch for compression in the concrete which 
includes temperature stresses for a total range of 
75 degrees fahrenheit. The sidewalks are designed 
for a load of 125 pounds per square foot. 

Each rib of the center span when complete will 
contain approximately 2,000 cubic yards of con~ 
crete, and each rib of the approach spans contain 
1,450 cul?ic yards and 95 cubic yards respe-ct~ 
fully. The 1 99-foot span was poured in three oper
ations, each requiri11:g about 1 0 to 12 hours. Each 
rib was divided into five sections. The crown sec
tion of the span was poured first, the haunches next, 
and last the key section completing the span. 

The old steel bridge in place is being used for 

traffic as well as construction purposes. Its road· 
way is 1 8 feet wide, so that by removal of the 
sidewalks the concrete ribs which are 25 feet apart, 
clear the steel work, which will be removed when 
the main arch is completed. The Roar for the 
2S-foot space will be cast in slabs and will be 
placed in position by a traveling crane from the 
camp leted floor over the arch ribs. 

The concrete mixing plant is located along the 
C. 1\1. & St. P. R. R. tmcks about 2. 000 feet from 
the east end of the bridge. Dump holes under the 
track allow all aggregate which is delivered in bot
tom-dump cars to flow into a hopper bin. Belt 
conveyors elevate it to the top of the storage bins. 
and dump onto a reversible carriage-mounted belt 
conveyor. This carriage can be moved to allow 
dumping into any bin. Just to the north of the 
storage bins, and at a height about the industrial 
railway system so the concrete can be dumped 
directly into bucket cars are located two one-yard 
motor-driven concrete mixers. The batch hoppers 
for these mixers are served by a belt conveyor 
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to be an over-used gimmick. 

MINNESOTA TECHNO-LOG 

However, after 54 years of 
continuous publication, the 
time seems appropriate for the 
Minnesota Technolog to 
pause and take a glance back 
at what has happened to I.T., 
the University and the Twin 
Cities over the years. 

While most University based 
publishing ventures have not 
met with consistent success, 
such as the Gopher, Ski-U-
Mah, Random, Ivory Tower, 
Minnesota Loon, and One, the 
Technolog and it's predeces-
sors have been consistently 
well-accepted and supported by 
the I. T. community. 

The first I. T. publication was 
the annual Engineers Year
book. It ran from 1893 to 
1908 when it was replaced by 

"the Minnesota Engineer. A 
quarterly magazine, it published 
through 1915. After World War 
I the Technolog appeared 
with the first issue coming out 
in November, 1920. The Tech-
nolog has published continu
ously since that date with eight 
(sometimes nine) issues per 
year. The only other University 
publishing mainstay, the Min
nesota Daily, has had to cease 
publication several times, due 
to financial problems and cen
sorship battles, since it first 
appeared in 1900. In terms of 
continuity, this makes the 
Technolog the oldest publica
tion in the University of Minne
sota. 

The nostalgia section, broken 
down into five categories, con
sists of reprints of past Tech
nologs. While no means com
plete in itself, the nostalgia is
sue will be complimented by a 
display of other past Technol
og articles. This display will be 
located outside the Technolog 
office, Room 2 Mechanical 
Engineering Building. 

December 1973 

ELEVATION FROM THE SOUTH 

OUR FUTURE MINNESOTA 
By Samuel Sutherland, '23 

Interest in higher education has so rapidly grown 
within the past half century that our great univer
sities are finding it more and more difficult to cope 
with the situation and provide them-'lelves with ade
quate buildings for the use of the students now on 
their rolls and the many more yet to come. Tech
nical education, in particular, is being more earnest
ly sought after and has created a crying need for 
laboratories, drafting rooms, shops, and the like. 

In the beginning, a few buildings, nondescript 
architecturally, and flung without rhyme or reason 
on the campus, was considered all that was neces
sary. But the conviction began to grow that this 
sort of thing would not do at all, and an absolute 
maze of buildings would result if an orderly plan 
was not adopted. 

This was true of all universities save one-the 
University of Virginia. At its very start it had a 
plan for its future development drawn by the states
man-architect, Thomas Jefferson, in 18 I 0. This 
plan was so broad and so well conceived that the 
fundamental scheme is still being followed to this 
day, being only slightly changed, due to new condi
tions, by the firm of McKim, Mead and White. 

The rest of the great universities were not so for
tunate. Yale, Harvard, and Columbia have all met, 
in common with all others, a great difficulty in pro
viding physical plants for their students. The trus
tees, however, of nearly every college in the coun
try have adopted a comprehensive scheme for their 
future enlargement. Columbia University now has 
one, so has New York University. 

In a like manner, the Board of Regents of our 
own University, after falling into the same pitfall as 
the others, decided in 1909 to secure a plan for its 
development. No longer were the different schools 
arrd colleges to be placed helter-skelter about the 
knoll, but a broad, well defined scheme was to be 
adopted. 

FUTURE MINNESOTA 
(Continued from Page 9) 

smaller laboratories on the west of the North Court 
were combined into the Chemistry Building, and 
the School of Mines was set on a minor axis north of 
Chemistry. These small changes did not radically 
change the original scheme. 

Due to the unparalleled growth of the University 
since the adoption of the plan thirteen years ago, 
it has been found advisable, by Prof. Forsythe and 
his colleagues, to -revise the scheme in order to util
ize the ground area more efficiently and also to use 
the ground provided by the removal of the North
ern Pacific tracks. 

The plan as it now stands is to have at the head 
of the mall an Auditorium seating 7,000 people. 
The funds for this building are to be raised by pri
vate subscription or endowment. The library is to 
be just to the north of Chemistry and of equal size. 
Two buildings of this same size are to be set across 
the mall. These are as yet unassigned but one will 

They therefore adopted a general program, and 
invited some of America's greatest architects to en
ter a competition which was to provide the Univer
sity with a plan for the development of the forty
acre new campus, secured the year before. The 
winning plan was that suggested by Cass Gilbert, 
and, after the judgment, he was commissioned to 
work out the plan in detail. 

The plan suggested by Mr. Gilbert took in the 
advantages afforded by the irregularities of the site 
and were as follows: 

A formal grouping of semi-classical style build
ings of brick and stone about a large mall. The 
mall consisting of two open courts, one north of 
Washington Ave., 2 75 feet wide and 1,300 feet 
long; the other south of Washington Ave., and about 
5 00 feet square, and at a lower elevation. The 
larger was to be known as the North Court and the 
smaller as the South Court. In the old stone quar
ries in the bluffs along the river were to be placed 
a Greek theater and a Botanical Garden. 

To the east and the west of this central mall were 
to be grouped smaller buildings on courts parallel 
to the main mall. At the head of the mall were to 
be placed an Academic hall, a Library, and a Mu
seum. Rectangular buildings were to face on the 
North Court and L-shaped ones on the South Court. 
The Engineering group was allotted the east side 
of the larger court and also a smaller minor court 
east of Church Street. To the south of the En
gineers were to be placed the Medical group with 
the Biological group, the Chemistry group, Astron
omy and Geology west of Pleasant Ave. 

In accordance with the scheme, Main Engineering, 
Experimental Engineering, Anatomy, Millard Hall 
and Elliott Memorial Hospital were built. Biology, 
which is one-half of one of the L-shaped buildings 
on the South Court, was built latest. Two of the 

(Continued on Page 14) 

probably be the Technology Building and the other 
Physics. 

Four smaller buildings, two parallel to Washing
ton Ave. (one of which will probably be the School 
of Architecture), and two flanki~g the Auditorium 
are yet to be built. At the extreme southern end 
of the mall will be placed the campinile, designed 
by Mr. Jefferson Hamilton, a University alumnae 
practising in Minneapolis, the sketch of which ap
pears on the cover. 

About the Engineering Court are to be erected 
two or three buildings to complete the rectangle. 
One of these will be the electrical building. 

In order that the landscape effects will not be 
spoiled, the car tracks on Washington Ave. will be 
depressed. 

Other changes in the plan will undoubtedly be 
found necessary, but the original conception of the 
University's needs was in such a broad and compre
h~ns~ve spirit that eventually Minnesota will have a 
d1gmfied and efficient campus. 
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Television 
A description of nzethods and 

apparatus used by coJnmunt

cation engineers in finally 

realizing dreants of 
rrseeing at a distance') 

By GEORGE \V. SWE:\'SON, E '17, EE' 21 

ILLl'STRATI\'E RECEI\"ING APPARATCS 
Assistant Professor of Electrical En~ineering:. 

l'ni1·ersitv of :\linnesota. 

FlG1'HJ·: 5: A neo-1 lamp illuminates a series of small apertures; as they 
pass the field of view the observer sees an image in the frame. 

C Ol\IIE five or six years ago 1n \nre 
0 startled h1,· the news that it had be-

come possible to transmit a still pic
ture from 1'\ ew York to Chicago in a 
fe\Y minutes. To further substantiate 
the news item, the papers printed copies 
of such pictures on their front pages. 
They were not perfect photographs, by 
any means, but it was possible to distin
gui~h the sub 'ect matter. Since then we 
.have heard little about this new 
invention of picture transmis
sion, but there has been ~;low 
and sure improvement in this art 
until nmv pictures sent in this 
\Y<l)' cannot be distinguished 
from an original print, except 
\Yith a high power microscope. 
\Ve are informed that this ~en·
ice is no\\· available bet\Yeen 
l\'ew York and eight large cities 
in the United States and that 
it is sufficientl1,· patronized h1,· 
the public to make it self-sup
porting. 

About a 1,·ear ago 1\·e learned 
that it \Yas no\Y possible to sit in one's 
mn1 home and in a few minutes converse 
with anvone in the British Isles who had 
a telephone; thus spanning the great 
Atlantic ocean and possibly thousands of 
m:les of land. This ne\\· service is still 
in the experimental stage and certainl1,· 
is not yet on a paying basis, but there is 
little d.oubt that it.\\·ill be a commercialh· 
profitable nnture before long. . 

Late in the spring of 1927, ,,.e \\'ere 
again startled b1,· the announcement that 
apparatus had been deYeloped and per
fected to the point "·here it was possible 
for t\Yo persons, at vVashington, D. C.. 
and 1'\e\\· York respectiYel~·, to hold con
versation over a long line and at the 

(Those of us who had the opportunitY o! he:Jrin~.C 
Dr. Perrine of the Bell Laboratories explain how 
television was accomplished and "how ,.er1· simp'e 
it was," were impressed with the fact that it 
could be so readily explained. Those, howe\·er, 
11·ho ha\·e studied the articles published in the Bell 
Journal on this subject appreciate ho11· much molleY, 
energy, and perseYerance were expenJed iu :-;ol \·in·~ 
the in11umerable problems 1\·hich presented them 
sehes on everv hand. Pictures ar2 published 
thrnugh the cot;rtesy of the American Telephone 
; nd Tele~.Craph company.-A >:TIJOR.) 

SCHDIATIC DRA \VING OF TRANS\ITTTER 
F!l;t·RE 2: Light from a single source is pro:ected 

as a movin~ spot on the subjects. 

same time see each other and obserye 
each other's facial expressions. In the 
same demonstration television \\·as aho 
accomplished by radio from \Vhippany, 
:\e\\· Jersey, to 1'\ew York. 

\Vhile research and development \York 
tmYard the refinement and perfection of 
teleYision \\·ill go on for 1,·ears, enough 
has a! read1,· been accomplished to sho\\· 
that it \\·ill, Yen· probabh·. han a place 
in the field of .distance ~ommunicatio:1. 
Just \Yhat the ultimate uses for television 
~Yill be can on!~· be left to the imagina-

tion. Whether it can eYer advance to 
the point where athletic contest~. pa
geants and other spectacles can be seen 
at great distances can only be suggested 
as possibilities until more is kn0\n1 and 
discovered about the various elements of 
television. 

THE general principles underlying 
television are in no sense ne\\'. ln other 

words, it has been known for a 
long time hO\v television could 
he accomplished, but it was quite 
another thing to realize it prac
ticalk Some of the elements 
essential to success could not be 
developed before general science 
"·as further understood. We are, 
therefore, indebted to the Bell 
Laboratories for making such 
new discoveries as \\·ere neces
sary and for so coordinating the 
various phases of the problem :1s 
to make television so soon a 
realitv. In his conversation \Yith 
the President of the American 

Telephone and Telegraph compan~· on 
the occasion of the first demonstration 
of the invention, lV1r. Hoover said "We 
have long been familiar with the trans
mission of sound. Today we have, 
in a sense, the transmission of sight 
for the first time in the \\'cHld's his
tory. I am glad to "·elcome tele\·ision 
as the latest product of scientif1c discov
ery. It promises that where the voice has 
led the wav over the telephone \\·ires. the 
e~·e will ultimately follo\\·. \Vashington 
and New York are todaY not only "·ith'n 
earshot of each other, hut "·ith.in ~;ight 
as well." 

An analog',' mav be d ra\\·n het\\·een 
television and tel~phony h~· which \Ve 
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may all better under
stand the principles. In 
a telephone conversation 
the sounds of the voice 
are made to actuate a 
diaphragm on the trans
mitter, which, when it 
vibrates, compresses and 
releases the pressure on 
the carbon particles in 
the carbon cup. This 
changes the current in 
the primary of an induc
tion coil {rom a steady 
current to a pulsating 
one in accordance ·with 
the nature of the sound. 
The variation in air 
pressure or vibr'htions 
which we interpret as 
~ound are then convert
ed into variations of cur
rent which can be trans- ILLL'S'fRATI\'E TRANSl\llTTING Al'PARATL'S 

lution, the light beam is 
thrown on all parts ot 
the view in rapid succe,;
sion and will give one 
complete picture. In or
der to allow for changes 
in position or facial ex
pression of the object, it 
must be scanned at least 
16 times per second and 
the disc must rotate at 
the rate of 16 re\·ol u
tions per second or q(;{J 

r. p. m. 
The above method of 

scanning ·was chosen be
cause it was found that 
br placing the photo-ele.:
tric cells near the object 
and on the opposite side: 
of the disc from the k:ht 
source, that sufficient re-
flection could he obtained 

mitted over a ·wire line FI(;l'RI·: 3: 

or b~- radio. It is essen-
Li!'ht from the arc is condensed on the disk which carries a spiral of pin hole,. from the rapidly moving 

spot of light to effect the 
proper change in the pho

The light is then projected HS a moving spot on the subject. 

tial that the current 
Yariations follow faithfully the ~ound 
\'ibrations and that these current varia
tions be transmitted over the line intact 
~md that nothing be added to or sub
tracted from them in the transmission. 
In telC\·ision, we wish to transmit varia
tions in light, which can be done if \\·e 
haH some device that will change light 
intensit~· variations into current varia
tion~. In order to do this faithfully and 
without too much lag in action, the potas
sium h~·dridc cell ·was chosen becawe 
it gi1·es comparatively large current 
chan.l!es 1rith changes in light intensity 
and returns quickl~- to its initial state 
\\·hen the ~:gitation is removed. For 
greatest se:1sitivit)· with this cell, it was 
found neccssar)· to make it large and to 
present a large area of photo-sensitive 
surface to receive the reflected light from 
the object. Fig. 1 shcnvs the construction 
of one of the three cells which were us•>d 
in the transmitting device. The ruler 
below shows that it is fourteen inches 
long and presents a sensitive area of fort\· 
square inches. These are the large.c.t 
photo-electric cells that have ever been 
built. 

T 0 secure sufficient picture detail at 
the receiving end, it was decided to con
sider the picture as divided into 2,500 
small areas or spots, each of which might 
haH a different shade, 
or reflection coefficient. 
If the picture or subject 
\Hre in a square frame, 
there 'vould be flftr rows 
of fiftr elements each. It 
\\·as f~rther found, that 
if a picture were repeat
ed or interrupted at least 
16 times per second on 

and because of physiological and psycho
logical effects, the observer was not co:1-
scious of the series of change~ and repe
titions, but simply saw the picture as a 
\d10le. We find from the above, there
fore, that transmission systems must be 
capable of transmitting .faithfully from 
0 to +0,000 changes in current per sec
ond for satisfactory television. 

The method adopted for scanning the 
object is illustrated in Fig. 2. A disc 
mounted on a rotating shaft has holes 
drilled near the periphery in such a wav 
as to form a spiral. rthe hole neares-t 
the edge scans a portion of the object 
near the top or bottom of the frame and 
the last hole, the opposite side of the 
object. The intervening holes cover the 
space between the two extremes. Since 
the vic\\- is divided into 50 such lines, 
there must be fift~- holes in the disc. 
A verr strong light is placed on one side 
of the disc and is focused through an 
optical S\'Stem on the object at some 
point ,,-h-ich represents one of the 2,500 
parts into which the vie\\' is divided. 
VVhat individual spot on the vie"· is 
illuminated at am· particular instant de
pends on \\·hich .hole in the disc is in 
line with the light beam, and its posi
tion in the frame. The frame in front 
of the disc limits the size of the vie"· to 

be ~,canned. As the disc makes one revo-

LARGE PHOTOELECTRIC CELL 

to-electric cells necessarv for sufficient 
current changes. It wa.s found that if 
the photo-electric cell had been placed at 
the opposite end of the optical svstem 
from the object, that it would be ~ece3-
sarv to illuminate the object with a light 
of 16,000 candlepower at a distance of 
four feet which would be extremely un
comfortable for a person. It wa~ dis
covered, however, that the rapidly mm:
ing, high intensit)' spot of light passing 
acros~ the face in a dark or semi-dark 
room could scarcely be noticed by the 
person being ~canned. 

THE arrangement of the disc and 
driving motor, the photo-electric cells, 
the arc lamp, the optical system and the 
subject being transmitted is shown ih 
Fig. 3. It will be seen that the beam 
from the arc lamp is condensed to il
luminate the area traversed by the mov
ing holes within the frame. The holes, 
as they pass over the elements of the 
view in succession, throw this small spot 
of light on each of the elements. The 
reflection of light from each element in 
turn reacts on the photo-electric cells 
and causes whatever change in current is 
necessary to represent the relative bright
ness or shade of that particular spot. 

After apparatus is available for chang
ing light variations into current varia-

a screen, that the flicker F 1cuRE 1: The cell presents -1-0 square inches of photo-sensitive surface to receive light 
was 11 o t objectionable reAected from a subject. There are three of these cells. 

tions, these current va
riations can be trans
mitted over a pair of 
metallic conductors to 
the receiving station just 
as in a telephone conver
sation. The changes in 
current produced by the 
photo-electric cells are 
v e r y feeble, however, 
and need a great amount 
of amplification. 
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PEniCILLin 

Because of the war a deep interest 
in the new drug penicillin, has been 
aroused, both among the public and 
in medical circles. Much is still un
known about this new djscovery. and 
new useo are constantly being found 
for it that will lead to a more health
ful postwar world. 

'

N the histor.y of modern medicine, ~r* 
tain events stand out as epoch-makmg. 
Pasteur's discovery of the germ, Paul 

Erlich's synthesis of the potent arsenicals 
u~d against social disea!'i.es, and the .dis* 
coo.•ery ancl synthesis of the sulfonamJdes 
are notable among them. Now it appears 
that another event is destined to rank as 

~~~i~.m~:r~ir;:ta~~~~:::!~~~..,~~~i~~ P~~:~ 
magic drug: its unique discovery, i~" d~f
ficult production, its strange properttes, 11s 

amazing therapeutic values. Its fu~ure may 
prove to be the opening of a~ enttrely new 
and unexplored •realm of "muade drugs." 

Just fifteen years ago in St. Mary's Ho~-

~ii:~1 !~s;~:~o: ~~~i~:~:~0:k:~17c~ Jl:~;~~ 
shadowed a new era in the field of mcdi~ 
cine. The man was. Dr. Alexander Fleming, 
and the phcnomenom occurred when .so~e 
of the plates of staphylococcus colome..;. m 
his laboratory became contaminated with 
some mold-the common green type iound 
on moldy bread and chee5e. Thi~ w;l<; not 
an uncommon occurrence, but apparently 
Dr. Fleming was the fir!'i.t to notice a pcnli
i~r condition: the germ cu!lurcs anmnd 1l1e 
spots of mold wet!:' ub~·ion~ly nncler}.!:ulrlJ.:: 
lysis, that is, they were being destroyed 
The thought occurretl tu Dr. Fleming that 
if this mold, Prnicil/ium Notatum by name, 
could kilt staphlococcus !<Crms on a culture 

plate, it might he dfective a~<aino;t other 
OO.cteria-disease-caus.in~< bacteria .. '\nJ ~o 
he pe-rformed a mJmher of tes.ll'. He fomHI 
that it was nut the mold it~elf that af-

BY RALPH WHIT~ 

C~EM. E.,'47 

THIS IS a photo of tho culture-plate on which the anti-bacterial 
action of penicillin was first noted by Alexander fleminq. 

THt: Mn..;;-.;..:~OTA T~-:ni~OJ.oc . . llay. JfJ4.J 247 

lot National Bank, St. Paul 

IT IS just twe~tr4three rear:>. since the 
tina commercml neon .-;ign \\'a" erel't
ed in America and onlr Jive 

since the fir.-;t neon installation wa:; 
in the Twin Cities, but wday the 
colored luminous tubes, representing 
most advanced form of modern illumina
tion, mav be seen in e\'en· corner of the 
globe. l·he blazing slog;ns of the Ousi
ness , .. ·orld may be !\een everywhere; in 
the J!:reat metropolise!l, in the tiny vil
la~es. and in the far·off corners of the 
Orient. Even gay Broadn·ay, once 
known for thous>Jnd~ of twinklin~ ele~.: 4 

tric lights, has turned to neon for co1 4 

ored signs. 
The actual production of light hr an 

electric discharge through a ga~ dates 
back to the beginning of the world for 
lightning is an electric discharJ!e throuj!h 
the mixture of ga:b. which make up the 
atmosphere. In the early dars, howe\'er. 
littlt was known of the reasons for the 
Rash of light and the aceumpanyinf! 
crash of thunder, and manr anrient ciY
ilization~ regarded lightninl! as a "uper
natural phenomenon. 

The northern li~hts, too, are a form 
of luminuu~ di~l·harge as static elr~.:tril'

in, formed high nhm·e the earth thruu!!h 
the inAuenn· uf sun .-;pot:-<, Ji:-char~r.• 
thmuJ!h the rarilied <ltmo~phere JHildur
ing the twinkling luminous Ji'-l'hargr- so 
(ummnn in the f:tr :\nrth. 

h was nut until rlw ~t·n·ntr-r-nth o.::rn
turr that man w:1:-. ahlc to dupli~.·at('. 

t:\'t-n in a "mall w:1~. the )!low tli"~.·harJ!t' 
of nature .. kan Pkanl. a Frt'nch sl·ir-n
tist, u~etl the nrdinar~ harumetri1.· tulw 
to obtain a luminous di"dmr~r. A hil!h 
vrKuum ~.:untaininl! on!~ a small quantit~ 
of mrrl·ur} \'apor w:ts ohtained h} in-

12 

the modern 

Neon Sign 

Lntld:_t· Marku~. p/r•ctril'fll t>trt?i
neerhtg )uninr, hall madf' thr• 
hillfor:r, det·t'lotunt>nt, tlu•or.~·. 
mul tne of lhr> T!f'rm .ci(ln lhf• 
&ubject of a pructicul dis('wuiorr. 
1\f'ull, the uftrrt-morlerTI in .~i~:ns. 
has become tht> /r>ature of our 
white-umys anrl it.t hhtor:_t· is n~ 
inttor·e!ltinf,: ru the li~:ht ilsl•lf. 

san· for an 
l!a".underlow pres"ure. 
jamin Franklin :-;howed his 
pink glow obtained in an evacuated flask 
when brought near a charged LC"ydcn 
jar. He had only to rub n piece of seal~ 
inl! wax with eat's fur and touch thr 
wax to the Leyden jar repeatedly to ob
tain the high voltage needed for the glow 
di"charl!e. 

In the nineteenth centurr many scien~ 
tists were workinJ! on the problem of 
producing a more convcniem lil!ht 

~ource than the arc lig:ht. ln 1850, 

-how it works 

By LADDY MARKUS 
EE '32 

Heinrich Gei%ler beJ!an making ga~- In· 
t-illed discharge tubes. His tubes were 

no larger than th<' little '-PCCtrum tuhe" in 
so common in laboratories tod:n and 
were then of little practical usl'. 

Carbon Dioxide Fir:<! lh<<·rl 

Following the Dr . 
. \lcFarlane ,\lt;ore 

Sdwmalif' Diagram of Orrlin.ur~ Nt•un Tulw ln ... lullaliun 

F,-/Jruary, !YJ2-Tu~ .. \Ji:\SI·'>OT\ Tt.cHso.f.ot. 

Electric Refrigeration 
Q11 ict, .rilllpic, dcf>i'!Itlah/,· unit.<', tl!llomatic in opt'ration, prr;·<·irlc 11 "colrl'' rlegrcc 

r:/ toJ/f)eratttrL' tll tl UJJI 1{)1\'t'l' tlhlll t!Ja/ r:/ icc. 

Thi:- electri\: refrigerator whi~.:h is de-
rl'· snilwd Oelow, makes use of the heat ab

~orOing quality and low boiling: point of 
methyl~.:hluride. Methyl in a g:aseou" 
state or in a \iquified form is nun-poison-

non-currosive, nor does it form in
compounds with air or water 
di~·overed ll\' Dumas and Peli-
1835 and h;s Oeen in use a~ a 

in France since then. Prior 
to war the cost to import to thi~ 
wuntry wa" about $30 per 10. which 
made it prohibitive. But the Roe"~ler 
and Ha~..;.\achcr mmpany ha" prodw.::ed 
it in the L'nited State~ from natural l!as 
and chlorine at a nominal l'El',t. About 
two and one-half pound" <Ht' U~<'d in a 
dome ... tio..: machine. 

\Vht·n a li~1uid hoi!:- it must n'rein· 
hrat fromaOodyofhi)!hrrtt•rnprraturr 
To boil water a of heat "·ith a 
temperature j!reater .212 del!. F. 
mu ... r t'\.i:-t and a tire nect·~~ar\'. To 
hoi! methd the .-;ourre need unh he 
... li,.dnl.\ hij!herthan-11 deg. F. l'nder 
;ltmo,..;phe-ric pre.-;"ure mC"th~·] can he 
liquitied under moderoHe pre~~ure 

In thi" rrfrigerator. the lit1uid methrl 
under prt''-'-Ure i~ admitted through thr 

2;; 

ll11:11 \.tht· t:\) ( ... t•t· di:t:.;ram nf opt•ra-
1\n!l) In tht' np:nl .... iun coil ... (H) whidt 
j. pL•~·t't! in tlw in• (ompartnwnt of tht· 
lt'ltl~nalllr. Thl' l'oil .. in turn an• im
nH·t,t·d in .111 akuhol .. ohttion. A.-; tht' 
I iq11iti mnl11 1 ~·hangt• .. tn a J!:l~ inside 
tht''t' ,·uil... hl':ll i~ ab .. nrht·ti from the
aknhnl ~nh1rinn ~ll!'ftlUiltiinJ! tlwm, low
nin)! it-. tnnpt•rature and in turn the 
ho\. tt•mpnatun• A ... tlw heat is ah
'nrhnl h~ thl' nwth~ I tht' prt''-SUrt' he

and thr hoilin~: puint 
tlw pn· .. ~urt' n·acll('~ :t 

point. the piston cf th<' 

pn· .. ~urr- nnnrol S\\·itdl (C) is r:li'-t'd, 
cutting in the ~witrh and startinl! the 
1 ~ h. motor (D) and at the same 

tlw J!:t:-< to pas~ thrnuJ!h the 
part~ ha~t· uf tht• piston tu the 
~·nmpre:-. .... ,lr (E). A~ tilt' machine run!> 
it draws thi:-< lwar~laden cas out of the 
n1il:-; thereh~ redtKinJ.?: thr pres"urc with 
a correspundinl! drop in temperature. 
\Vhen the pre~sure i~ r('tlucC"d tu tht' 
proper puint tht' pi~tun f:tll" and the 
mat:hine .;tops. Th(' awrage runnin)! 
time is 6 tu 7 hour~. The I!:IS cuminj! 
fmm the rdriJ.?:t'r:ltur is cundenS('d and 
sent on to the l'Uildt'n!'er\:oils (F) where 
the latent heat ht\.·nmes npparent ht-nt 
and is remon•d through the cuppt-r t:on
denser coils lw means uf a fan and tht' 
methyl het'omes a liquid aJ!ain. Thi!! 
passe.; on upruthe Auatchamherwhert' 
it is admitted 1t1 the coolin!! coils through 
the- needle nlive, and the cyde is o.::um
plete. 

The machine is huih tu handle all 
requirements up to HO L"U. ft. of space. 
A larj:!;er water cooled machine operated 
h~· a J.i h. p, motor is rated at i50 lhs. 
ice mdting l'apncitr (from and at 32 
del!. F.} in 2~ hours. 

This and the other sizes will effect 
l.1rue enlflomie.-; over ice, which will 

interest and depreciation on the 
()n the larJ!er machine the 
Jij!un:s show what mar be 

IU<II ;;ft ~gr ~\ ~/) Cl.f 

' 11.12 

-~~ 
9.} U.lfl: 

II n.n 
13 11.52 
H.; ll.Sfl: 
16 .... 
li.i O.ill ,. n.i6 

is an item that should be 
considered. The larger com~ 

maintain ~rvice departments 
regular inspection calls. This 
(CtmJinurd fJn flm;r 272) 

T H E ~I I :\ 1\: E S 0 T A T E C H !\ 0 - f. 0 C 

A Radio Controlled Car 
The radio nmtrollcd car whiclz ·<ells one of the /ctllllrt-·s of tlze recent electrical t>arty, was 

de.ri![ned and constructed by a !fi'Ofl f> of senior electrical enJ!ineers. 

ll.r \V. H. GJLL!, \V. T. DE\w.,· A:-.:u C. A. J,\conso:-:-

On tit~ t~h!~ tu do~ l~tt ,.,\ !w '"''" t!•c- n·nl!.tl•or 1<!u~h "·'' ,.,r,l 1<1 !.ltrrrt ll·~ m.tn<'UICrs of th~ 
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.1;~;1 ~7-
"'0f)e/M OF LUSTROUS Jiu:tUiC FOR YOUU CAR! LOOK! 

THE NEWEST STYLE note in 
motor cars is seat covers of 
smooth, lustrous plastic-cus
tom made and woven from the 
remarkable Dow plastic, 
SARAN. This innovation in car 
slip covers offers light, attrac
tive pastel shades -or, perhaps, 
transparency to actually reveal 
tints of the upholstery-in every 
way lending new smartness and 
distinction to the car's interior. 

damp doth. There is no danger 
of the colors running. You can 
ride on these seat covers in wet 
bathing suits, if you like. If 
windows are left open, have no 
fear of damage from summer 
showers. For, SARAN is water
proof plastic. 

There is plenty of ventilation 
with SARAN seat covers
they're cool! The smooth sur
face permits you to slide easily 

Now, for the first time, seat into modern low cars without 
covers in light colors are prac- difficulty or the slightest danger 
tical because SARAN is quickly of catching clothes or hose. The 
and easily cleaned with just a value in these new seat covers is 

THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 
New York City-St. Louis-Chicago-San Francisco-Los Angeles-Seattle-Houston 

exceptional because SARAN will 
out-wear the life of the car. 
While, currently, seat covers of 
SARAN are custom made only, 
they are significant of a marked 
trend. They provide a striking 
example of the constant efforts 
of manufacturers to adapt plas
tics to numerous new products. 

THE MINNESOTA TECHNOLOG, December, 1941 
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Blouse Back 

SPORT JACKET 
$12.95 

SLACKS 
$5.95 

(:/(Jthi(~TH- Tailors- Furnishen; 

USlER 
On Sixth Streat ... Just Off Nicollet 

1· II! \I l '- 'E.S ()'\ .. \ ·l·l_l· ll '- t l. I.()!; 129 

~~~~~?~5:<J~~KJ~(KJC>f}~}\<Jt>~'~<3e>~·;:<~t>=~(~<5v;.),~~~c_>~tf5 

6 ~ 
~~ :----------------: Q 
(~ l . t ;( 
.J ' ' () 

!! ~~------------------1 1------------------ ------~ ~~ 
~~ l I ! 1

1 ~~ 
(J t ~ l ~ ~) 
\~ ! ! I I ~!, 
~~ ! L---~-----1 I ~~ 

§ I You Don't Mind Reciting When I ~ 
!l I You've Got the "Dope" I ~ 
0 : 1 r ~ I ! WE have that same feeling of security ! ~ p I since we have installed the McClintock ~ () 

~!, .: ~ Burglar Alarm. I ~/, 
(~ The system operates by the new Sound (~ r!' Wave method, which will defeat, without r 
~ 

1
.·.: !, exception, any attempt to cut cables or 

1 ~~ 
( wires, or to drill through our vault linings l~ 

§ I oc ~::: in and lal o< <hnw you what we 11 ~ 
~~ !,', have done to give your valuables 100% ~~ 
(J protection. 0 
lli I UNIVERSITY STATE BANK I ~~ 
~~ l l-----~~::_N G ~-~-~~ VE N-~-:~ E. A N~-~-~-=~~:-~ __ _j ~~ 
R .. .. . j~ 
~K5€Y.5KJ~Z<J~K3~KJ~~KJC>;;?<?~~KJC>iKJ~KJ~~ 

I' 
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The Northern States Power 
Company's 23 steam and 26 
hydro .. electrk stations today 
have a total generating capacity 
of 442,000 horsepower~ 

With the recent completion 
of the giant hydro plant at 
Chippewa Falls, an additional 
29,000 horsepower is now avail .. 
able. 

These 49 mighty power 
sources never cease working, day 
and night, to supply the electric 
light and power needs of you 
and the other million and a half 
residents of the territory this 

l 
l 

l' 

i 
I 

! 

I 
I 
I 

l 

I 
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Choice of Etxplosives 
for Ore Mining 

LESSON NUMBER TWELVE 

BLASTERS' HANDBOOK 
~~xp~~:iv:in~~:~m~~enO:~~~~i~:ss 8;h~n u~e fi~! 
art. Every formation of ore and rock requires a 
different explosive. Drilling and loading methods 
must be correctly performed to ensure satisfac· 
tory results. 

For instance, what explosive would you use 
where moisture is present in excessive quantities, 
which explosive to produce the least obnoxious 
fumes, which dynamite to use below or above 
ground, which kind for soft or for hard 
rock? How can you choose explosives to 
reduce the hazard of igniting gas and 
dust mixtures? 

Some day you'll need 
this information 

You may need to know the answer immediately. 
Textbooks-even the best--do not contain thio 
vitally important data. During the last 125 
years du Pont has been making and testing 
explosives for every type of blasting operations. 
These tests have been applied to all industries 
where explosives were essential. 

This coupon will bring you a copy of the Blastera' 
Handbook without any cost. It's a reference 
book for explosives' users. Some of the largest 

engineering colleges use the Blasters' 
Handbook in their engineering claaaes. 
You need it today and you '11 need it 
even more when you're out in the field. 

Mail the coupon for your 
copy NOW 

Minnesota Technolog 
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t rr 
1-illcrly 111ean.s responsibility; that is <l•lty most men dread it. -George Bernard Shaw 

0 NEED to worry. It'll never reach America. Let the next generation 
worry about Communism. 
That is what most people would like to think. But the danger is far more 

imminent than that. Did you realize that: 

Some people may not accept the 
belief that the Technolog, like litera-
ture and the arts, reflects the spirit 
of the times. Perhaps the Technolog 
does qualify as literature but even if 
it does not, the times are indeed 
accurately reflected in the pages. 
The 1920's building boom and the 
spirit of adventure in invention is 
present. The gloom of the 1930's is 
evident both in the overall size of 
and lack of technical reporting in the 
magazine. The war years were re
flected by such ads as the Western 
Electric ad which graces page 15. 
Shown here is the McCarthy period. 

These two pages, clipped from 
the 1950-51 Technolog, embody 
the disease that swept up Americans 
in an epidemic which dominated the 
1948 to 1954 period. This ailment, 
in the form of a fever, produced 
symptoms of hysteria with the victim 
hallucinating that there was a com
munist under his bed. The repercus
sions of this "red scare" are still felt 
to this day. 

While the editorial and advertis-
ment may appear ridiculous today, it 
should be remembered that they 
were taken very seriously only 20 
years ago by many serious and 
frightened Americans. With that real
ization in mind, maybe there really is 
a need to worry. 

0 Communism is infiltrating the entire world, not only the much
publicized areas. Witness the testimony of a missionary from deep
est, dark Africa, who states that already the approach of com
munism is evident, heralded by strikes and riots. His days in that 
area are numbered-maybe only two years, maybe even less-be
fore the godless communism will certainly take over and drive 
religion out. 

0 A columnist visiting behind the iron curtain reports that children, 
both boys and girls, are serving as "volunteers" in labor four 
months out of the year-volunteer labor camps that are surrounded 
by barbed wire and guards armed with machine guns. The serv
ice was labeled "voluntary" -if they don't volunteer, they lose 
their food and clothing privileges. This sounds like an echo from 
Germany, where the youths were similarly organized and taught 
they were supermen, and where one youth was proud of the fact 
that he. had turned his father in for some anti-German activities 
-his father received the death sentence. This same pattern of 
poisoning the minds of the youths is being followed in Russia. 

0 The trial of communists by Judge Medina in New York city, har
assed at every turn by the communists, follows the instructions 
set up by the communist workers' manual, which states that 
workers, upon arrest, should give only their names and nothing 
else. They sh<;mld always plead not guilty, demand a "working 
class" jury, and fill the courtroom with hecklers. In short, they 
are to do everything possible to hinder the courts in carrying out 
justice. 

e Communist youth work has been going on in our own country for 
many years. A good example is a young man whose parents came 
from Greece. A number of years ago he joined a group of other 
young Greeks in New York city-a group supposedly dedicated to 
the fight against fascism. A talk with him revealed that he had 
been thoroughly saturated with communism and was an ardent 
advocate of it. And there are similar organizations, such as the 
now-extinct American Youth Congress and the American Youth 
for Democracy. Jlv1any of these organizations seize upon any un
rest or conflict-to promote the communist aims under a deceptive 
guise. 

What is to be done? We should make it a point to see that our schools give 
proper guidance to youth-guidance, not just information. We need to be better 
informed, not only as to the advantages of each type of economy, but also as 
to the disadvantages. Anyone who realizes fully just what communism is and 
will do to his freedom of speech and religion and the other freedoms will cer
tainly want to keep our present system. We all realize our system has certain 
faults, but we should correct these faults rather than throw the whole system out. 

We as college students owe it to ourselves and our country to be well-in
formed on communism and its perils, particularly since a great number of us 
will some day be in a position to influence many people. Get the facts. Then 
follow the advice of the radio program that supplied some of the above facts, 
and "Americans, Speak Up!" 

R.A.H. 

THE MINNESOTA TECHNOLOG, October) 1950 
Minnesota Technolog 
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"That's right. 

"No, this didn't happen in a communist 
country. 
"Happened right here in town. We'd just 
gotten home from a motor trip and, of 
course, hadn't heard what happened. 

"Been going to that church about fifteen 
years, so what a shock it was when Officer 
Povey stopped us at the door. 'That's 
right/ he told us, 'I said church closed!' 

"Then he explained. There'd been a fire 
in the church the day before and he was 
shooing folks over to the Guild Hall for 
services. Mary and I looked at each other 
... then grinned. We'd both had the same 
crazy idea that the State had taken over 
the churches. 

"That night Bill and Edna Johnson 
dropped in for TV. We told them what 
happened at the church. And about the 
crazy idea we had. But Bill asked, was 
it so crazy? Then he pointed out that 
it had happened in other countries. So 
we all got talking real serious. 

"All week I've had it on my mind . . . 
suppose we had no Freedom here? Suppose 
the State took over religion, the press and 
professions like music, medicine and art? 
Suppose they took over industry and made 
me work where I didn't want to? Suppose 
the State took over our house? And 
suppose, on election day, we had our 
choice of one candidate? 

"Maybe I don't run my life perfectly but 
I sure wouldn't want the State to run 
it for me! Y'know, every Thanksgiving 
we give thanks for the good things we 
have ... all of which add up to Freedom. 
So why shouldn't we all be just as thankful 
ihe other 3G4 days, too?" 

REPUBLIC STEEL 
Republic Building, Cleveland 1, Ohio 

Republic BECAME strong in a strong and 
free America. Republic can REMAIN 
strong only in an America that remains 
strong and free ... an America whose vast 
Agricultural Industry is unsurpassed. And 
through Agriculture, Republic serves America. 
Republic produces quality steels for all 
industries and much of it can be found in 
thousands of agricultural tools and equip
ment for field, pasture and farmstead. Thus, 
Republic works with the farmer to help 
keep America the best fed nation on earth. 

* * * 
[ For a full color reprint of this advertisement, )I 
[ write Republic Steel, Clevelatzd 1, Ohio Jl 

THE. :\IIN:'\ESOTA TECHNOLOG, April, 1951 
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The distinctive nature of Technol
og humor was quickly established. 

In the first issue of the Technol
og, November 1920, Dean L.D. 
Coffman wrote "I congratulate the 
engineering students upon the publi
cation of the Minnesota Technolog. 
It is encouraging to know that the 
students of a professional school, in 
association with members of the 
faculty, are willing to devote them
selves to the publication of a digni
fied, strictly scientific journal." As if 
in direct response to those noble 
words, the very next issue of the 
Technolog, December 1920, con
tained a cartoon that was so racist 
and in such bad taste that it defies 
description, let alone publication. 
From that point on, the 'Log kept on 
rolling. 

The Technolog pin-up became an 
I.T. tradition in the late 1940's. Dur
ing the early 1950's the Technolog 
staff was continually criticized by the 
administration for the crude jokes 
and "leggy" pin-up shots that the 
magazine published. 

Here with our pin-up queen is a 
collection of Technolog jokes as 
they appeared and re-appeared, 
through the years. Current I. T. peo
ple who have long memories will 
remember similar T echnolog fea
tures, Logs Log and Splinters, 
which ran up to two years ago. They 
are not included here primarily be-

18 

cause most of the jokes they used 
were stolen from older, previously 
published jokes which were, in turn, 
stolen from older, previously pub
lished jokes which were, in turn, 
. . . . Anyway, a glance at the 
humor on these two pages should 
give the reader the main impression 
why this type of feature has been 
excluded from the 1973-74 Tech
nolog. 

A fellow was trying to start a con
versation with the young lady who sat 
next to him at the table. "Do you like 
Kipling?" he asked. 

The young lady giggled and then re
plied, a I don't know. How do you 
kipple?n 

Leroy Brooks was assigned the job 
of writing up his senior class play 
in the high school paper. He cqme 
in for his share of literary fame when 
this write-up was published: 

"The auditorium was filled with 
expectant mothers, eagerly awaiting 
the appearance of their offspring." 

Engineer: "She's a nicely reared 
girl. isn't she?" 

Physicist: "Not bad from the front 
either." 

The doctor was questioning the 
nurse about her patient. "Have you 
kept a chart on his progress?" he 
asked. 

"No," she said blushingly, "but I 
can show you my diary." 

A lovely co-ed named Loretta 
Loved wearing a very tight sweater. 

Three reasons she had: 
Keeping warm wasn't bad, 

But the other two reasons were better. 

Some girls may have to answer a 
lot of questions when applying for a 
job. but it is really a matter of form. 

Stalin: Tell me, comrade, what 
was the first thing you did when 
you came back home after four 
years of war. 

Ski Trooper: Well, sir, I hadn't 
seen my wife in four years and . . . 
you know how it is. 

Stalin: Er, yes, but tell me, what 
was the second thing you did. 

Trooper: Took off my skis. 

One reason why some girls are 
called radio flappers is because they 
are so easy to pick up. 

Customer: Waiter, there's a piece of 
wood in this hot dog. 

Waiter: Yes, sir, but. I'm sure
Customer: Sure, nothing! I don't mind 

eating the dog, but I'll be hanged if I'm 
going to eat the kennel, tool 

She \\·as onlr a shoemaker's daughter, 
but she knew all the heels. 

Teacher: David, what does F-E-E-T 
spell? 

David: I don~t think I know. 
Teacher: Well, what is it that a cow 

has four of and I have only two? 
The class was dismissed. 

YE SH RN 
By OSCAR QUACKENBUSH FEGAS, B.V.D. '111 

Minnesota Technolog 



At the funeral of a real "cool" musician, well attended 
by his friends, the minister said in closing, "Spike is not 
dead. He only sleeps." 

One of his friends cried out, "Sleeps? Man, I'll lay 
two to one he don't wake up." 

Two bopsters looking at the Ford Dam. One says to 
other: "Man, those crazy beavers!" 

Two bopsters are at the fair. One sees a f·erris wheel 
and says to other: "Man, dig that crazy streetcar 1

" 

Davenport Chess-She moves into his arms and then neither 
moves for several hours. 

The ship was sinking and the captain called all hands 
aft. "Who among you can pray?" he asked. 

"I can," replied an ensign. 
"The rest of you men put on life jackets, then," or

dered the captain. "We're one short." 

First Architect: ''Jackson fell off his stool with a quart 
of beer." 

Second Architect: "Did he spill any?" 
First Architect: 'No, he managed to keep his mouth 

shut." 

"Up and atom," cried the molecule. 

And of course you've heard of the clothing manufacturer u.•lw 
put out a two-way suit for people u•ho don't know whether they're 
coming or going. 

Pro: "No, use your brassie" 
Fair Golfer: "But I don't wear any in this hot weather." 

If a girl expects to win a husband, she ought to exhibit a gener
ous nature-or how generous nature has been to her. 

She to Bob Giantvalley: Who was that lady I saw you out
wit last night? 

Mae: "Don's always been a perfect gentlemen with me.'' 
Nena: "He bores me, too.'' 

December 1973 

A young woman tourist was spending the night in a Texas 
lwtel. She was asking the clerk for sights to see of unusual 
interest. 

"Well," said the clerk, "we have the only helium plant in 
the world." 

"How wonderful. Is it in bloom now?" 

Our nomination for the most popular Saturday 
evening sport is, "Ring around the bathtub." 

And then there was the attorney who sat up all night 
trying to break a widow's will. 

A man was suffering from laryngitis and as a result he 
could hardly speak above a whisper. He wasn't too sick, 
but not being able to talk was a nuisance, so he went to a 
druggist and said, in a whisper, "Can you give me some
thing for my laryngitis?" 

The druggist, a good one, said, "I don't recommend 
without a doctor's prescription. There's a new doctor a 
couple of doors down. Why don't you go see him?" 

The man went to the doctor's house and rang the bell. 
In a minute, the doctor's attractive maid opened the door. 
The man with laryngitis whispered hoarsely, "Is the doctor 
home?" 

The maid whispered right back, "No, come on in." 

The Tridelt excited about having been pinned by a 
fraternity man the night before, dressed hurriedly and 
was walking towards the cathedral when she came 
upon a group of male friends bound for State Hall. 
Stopping in front of them, the girl proudly thrust out her 
chest and commanded happily, "Look!" 

But in the excitement. she had forgotten to wear the 
pin. 
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Introducing: DR HENRY T. EDDY 
By President Cyrus Northrup 

Dean Spilhaus 
Minnesota engineers 

greet new dean 

by SID LEVIN 
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What makes an engineer? Who 
the hell knows. 

Over the years the engineer has 
undergone a lot of changes. In 1923 
the Engineers Yell went like this; 
Screws! Nuts! Bolts! Gears! Min
nesota Engineers! Rah!! 

Thirty years later the beanied, 
eager-beaver freshman in the photo
graph to the right was the stereo
type of a soon-to-be technical wiz
ard. 

One sad thing about trying to 
trace the changes that the engineer 
underwent in the last 54 years has 
been the lack of reporting about the 
motives, directions and serious pur
pose of the engineer. Little was re
ported on his role in society and his 
responsibilities to that society. There 
were many editorials about what 
these things should be, but few re
ports on what they were. 

In any event the Technolog will 
continue on, with God knows who at 
the helm. From editor M. F. Wich
man in 1920 who, according to re
ports, singlehandedly organized and 
ran everything on the Technolog to 
E. Dianne Rekow in 1969, who nev
er bothered to attend any of the 
magazine's Board of Publication 
meetings (and still put out a good 
magazine), from Laddy Markus in 
1932 who edited a Technolog 
which was voted the best Engineer
ing College Magazine of that year to 
Ralph Monson who only one year 
later was deserted by his staff and 
literally had to go begging in the 
halls for anyone who would help him 
work on the magazine, the Technol
og has somehow not only survived 
through the years, but has often 
prospered. 

From selling subscriptions, to put
ting pretty girls behind booths in 
M.E. and E.E. to sell single issues, to 
student fees, to the 1950's national 
advertising boom, the Technolog 
has managed to remain solvent and 
reasonably successful. 

December 1973 

Equipped with books, slide rule, freshman beanie, and other 
necessary freshman articles Conrad Hansen, a freshman engineer 
shown here gazing at Northrop Auditorium, is all set to begin his 
five years of study in the Institute. 

THF MINNESOTA TFCHNOLOG, October, 1953 

Although the Technolog has been 
consistently publishing, there has 
been precious little else thats been 
consistent through the years as the 
format and approach to subject mat
ter has changed almost as often as 
the magazine changes editors -
yearly. And every editor seems to 
leave a mark of some sort for future 
staffs to follow. Whatever mark I 
may leave - I hope it is erasable. 

Robert Pirro 
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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 

Gould is a company of Proud 
Inventors, committed to new 
product development as our basic 
growth strategy. Our expertise is 
concentrated in four integrated 
technologies; electrochemical, 
electromechanical, metallurgical 
and electronic. The advertisement 
below, which appeared originally 
in THE WALL STREET JOURNAL, 
shows one example of the kind of 
projects going on at Gould. 

The Proud Inventors' porta
ble defibrillator makes quick 
help more available for heart 
attack victims. Hospitals 
have been using our other 
defibrillators to save lives 
by restoring normal heart 
rhythm. But now we've made 
one that's battery operated, 
and 25 pounds light. It can 
be kept ready in places like 
stadiums, factories, offices, 
nursing homes- and ambu
lances. So he I p is that much 
closer. For more informa
tion, write Gould Inc., 8550 
West Bryn Mawr Avenue 
Chicago, Illinois 60631. ' 
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Empty hook? 
Try r line! 
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Donaldson, located in the sports and cultu·ral 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 

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 holstPrs. 
They don't have to. Their non-technical ahilities 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 desirP to get 
into management- quickly. 

Sound like you? Check with us; we'll listen closely. It might he the hest mow 
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 tor an interview. 

Northwestern Bell 
an equal opportunity employer 

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

Research and Development. Contact the Placement Office for specifics. 



To mechanical and electrical engineers: 

If you: have the attitude of a private entrepreneur, 
and want to be respected for machinery with the tolerances 

of an expensive watch, 
bu:t three stories high and a football field long, 
you: might wish to sign u:p 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 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. 



Trying to figure 'out' the exact 
kind of engineering wqrk you should 
go into ca11 be pretty tough. 

One minute you're studying a 
general area like mechanical or elec
trical engineering. Thenext you're 
faced with a maze of job fUnctions 
you don't fully understand. And 
that often are called different names 
by different companies. 

General Electric employs quite 

a few engineers. So we thought a 
series of ads explaining the work 
they do might come in handy. After 
all, it's better to understand the var
ious job functions before a job inter
view than waste your interview time 
trying to learn about them. 

Basically, engineering at G E 
(and many other companies) can be 
divided into three areas. Develop
ing and designing products and sys-

terns. Manufacturing products. 
Selling and servicing products. 

This ad outlines the major types 
of work found in the Manufacturing 
area at G E. Other ads in this series 
will cover the two remaining areas. 

We also have a handy guide that 
explains all three areas. For a 
free copy, just write: General 
Electric, Dept. AK-2, 570 Lexing
ton Ave., New York, N.Y. 10022. 

Manufacturing Engineering with marketing, engineering and manufactur-
ing to coordinate the overall design and 

Manufacturing engineers plan and specify ex- maintenance of all quality-related activities. 
actly how a product will be manufactured. The Quality Control Engineer takes quality 
They consult with design engineers to make standardsestablishedforaproductbythemar-
sure a product design is producible effi- keting people, then plans and specifies all test 
ciently and at competitive cost. They develop, requirements, inspections, audits and person-
design, provide and maintain the machinery, nel needed to meet these standards. He also 
tools, processes and equipment needed to works with manufacturing to make sure pro-
manufacture a product. And they plan and duction facilities are adequate to meet 
detail all the interrelated work procedures to quality standards. The Process Control Engi-
be followed during each step of manufactur- neer is responsible for implementing the 
ing. Requires intimate famil- ___ ____ plans ofthe Quality Control Engineer. 
iarity with all aspects of -~-:~ .. ~ _ And for providing techni~al 
the production fa- :.., """'--~=~-::::::;:;.2~;:-;'"'c::,~-o;;o---- ,_ _ help to manufactunng 
cility, including .v. ~;;;;;;,~-:;_~ _ _ =~ - ~~~~~"~ ~- to resolve quality 
automation ~ problems. The 
programs. Quality Infor-

F t mation Equipment 
ac ory Engineer either designs 

Management or purchases, then plans the maintenance of 
Factory managers supervise a factory's work the quality-testing equipment. 
force, materials and machines. Their job is to Materials Management 
meet production schedules while maintain- Engineers in Materials Management plan and 
ing product-quality standards, plant efficiency control the flow of materials throughout the 
and a favorable working environment. To business cycle. They make sure all raw mate-
do this, they consult with, and implement the rials, parts, subassemblies and finished prod-
plans of, manufacturing engineers, quality- ucts are at the right place, at the right cost, 
control engineers and materials experts. at the right time. This involves scheduling 
They also deal directly with the factory's pro- factory production, planning and forecast-
duction workers on a regular basis. Thus, ing material requirements, and determining 
good interpersonal skills and the ability to inventory levels. Also purchasing materials, 
manage large numbers of people are vital. directing material flow during manufacturing, 

Quality Control Engineering and warehousing and shipping finished prod-
ucts. Requires knowledge of products, pro-

Quality control involves four kinds of special- cesses and ability in areas such as logistics, 
ists. The Quality Assistance Engineer works mathematics and computer applications. 

GENERAL ELECTRIC 
An Equal Opportunity Employer 





Engineer, 
do you a *·· 
field or desk? 

esti 
o ers 

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 Education 
Center, Pittsburgh, Pa. 15221. 
An equal opportunity employer. 

e inghouse 
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The Technolog Editorial Page(s) 

The read it and weep department 

Stalking the ild Triceratops 

What killed off the dinosaurs? Some people 

think they know. but this article won't tell you 

anything about that However, it will tell you 

about what is left of them today. 

by Albert W. Kuhfeld 

10 The aking of n 

12 

15 

Environment; 
A Technolog-sponsored Symposium 
On Man's Future 

A gray area lying somewhere between famine 
and utopia - this is the area in which man
kind finds itself today. Six University professors 
discuss whether the limitations imposed on 
man by the physical nature of his environment 
can be overcome or at least lessened. 

by Paul Burtness 

ew orazon 
A report on the Pioneer 1 0 space probe of the 

planet Jupiter. 

by James M. Young 

he reamers 

The winning entry in the Technolog's annual 

Science Fiction Writing Contest. 

by Jon C. Nelson 

COVER PHOTOGRAPH BY BOB HAIN 
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Application Analyst 
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which is one very good reason for 
considering Atlantic Richfield for your career.. 

It's energy that has created and maintains the fabric 
of today's civilization. That's basic. 

But getting and using energy has also created some 
very large and basic problems: air pollution, ecological 
disruption, resources depletion-to name a few of 
the obvious ones. 

Now, new answers must be found to developing and 
utilizing energy-and its by-products-if we are to 
maintain our energy-based standards of living. 

We want the best brains we can find to help us arrive 
at these answers. We want people sensitive to the 
human and natural environment-and realistic enough 
to know that preserving both must come from tough, 
inteiligent, dedicated work ... backed by outstanding 
resources in capital, research and experience, 
such as those of Atlantic Richfield. 

If tackling such large-scale, significant problems is 
one of your criteria in selecting a job, join us. We can 
offer you a career rich in challenge, rich in meaningful 
work, rich in personal reward. 

We typically offer opportunities to engineers, 
accountants, financial analysts, auditors, geologists, 
geophysicists, sales representatives and programmers. 

See our representative on campus or your 
Placement Director. 

ON CAMPUS INTERVIEWS 
FEBRUARY13 

AtlanticRichfieldCompany 
An equal opportunity employer, M/F. 



JANUARY 15, 1975 

Scientist Discusses 
Spaceg Time Anomaly 

(UPI) Massachusetts Institute of 
Technology astrophysicist K. Wolfgang 
Messerschmidt announced today that he 
had discovered a "space-time anomaly" 
orbiting around the sun beyond the 
planet Pluto. Pluto is the ninth and 
outermost known planet of the solar 
system. According to Messerschmidt, 
the presence of the anomaly accounts 
for the observed perturbations in the or
bits of the outermost planets. 

"You could call the anomaly a 'hole in 
the fabric of space'," said Messerschmidt 
with a German accent. "Something going 
through the hole would come out a 
definite period of time either in the past 
or the future - I don't know which yet." 

Pioneer 10, the space probe which 
flew by Jupiter in December. 1973, will 
be the first man-made object to reach 
the anomaly. "Since the anomaly orbits 
the sun at an 87 degree angle to the 
plane in which most of the planets 
revolve, Pioneer will be the only thing 
men have sent in its (the anomaly's) 
direction." 

When asked to speculate on the 
nature of space beyond the anomaly, 
Messerschmidt said, "Things could be all 
turned around out there, you know." 

@ 
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THE NEW YORK TIMES, THURSDAY, JUNE 28, 1984 

Alien Space Probe Captured 
Special to the New York Times 

Mountain Dew, Calif. Aims 
Research Center, located here in Moun
tain Dew, spotted the peculiar object 
three months ago. Spurred by hopes of 
establishing contact with an alien 
civilization, NASA in cooperation with 
the Soviet Union sent out an inter
planetary scout vehicle to capture the 
probe from the depths of the unknown 
before it passed by the earth into the 
sun. 

The object was picked up yesterday 
by the scout vehicle Prometheus I. Pic
tures beamed back to earth showed the 
object to be built in human form. 

(See related stories, p. 1 and p. 45) 
Aims researchers centered their in

vestigation of the object on the small 
plaque attached to the space probe. 
Most researchers hypothesized that the 
placard represented an effort by the 

0 

builders of the object to communicate 
the origin of the probe, while others con
tended that it was merely the trademark 
of the organization that built the probe. 

"It seems fairly obvious to me," said 
John A. Fitzhoople, director of the Aims 
Research Center, "that the two 
geometrical figures in the foreground are 
some sort of hieroglyphic writing. Once 
translated, they should yield information 
about the entire history of the 
civilization that launched the probe." 

Fitzhoople continued, "The society 
that shot off the probe must be much 
like our own, though more advanced. 
The form of their probe, along with the 
highly stylized schematic of it on the 
plaque, demonstrates this fact." 

"It's a go\'d gimmick, building a space 
probe in the form of the probe's 
creators. I wish I had thought of it when 
I worked on the design of the Pioneer 
probes back in the seventies." 

0 0 

Plaque found on alien space probe captured by US-Soviet scout 
vessel~ Prometheus I. 

THE NEW YORK TIMES, WEDNESDAY, JULY 4, 1984 

44 Explore STA" Says Roberts 
From the Times Wire Services 

St. Louis, Mo. - President Oral 
Roberts pushed his re-election campaign 
into Missouri today by calling for the ex
ploration of the Space-Time Anomaly 
(ST A). The alien space-probe captured 
last week apparently came through the 
ST A. Citing world energy shortages, the 
President called for a "fullscale in
vestigation" of the ST A and the 
civilization beyond it. 

"The civilization which sent this probe 
must be well in advance of our own," 
said Roberts to an overflow crowd at 
Busch Memorial Stadium in St. Louis. 
"We must send scouts out to contact 
these people. God willing, we can learn 
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much from them." 
Reporting that his science advisors 

had told him that the alien space-probe 
was powered by chemicals on which life 
is based, the President said, "Since these 
people are apparently so much like our
selves, perhaps they can learn something 
from us. We can at least bring them 
God's word." 

Asked by an interviewer on television 
this morning if the aliens were peaceful, 
Roberts replied, "I don't know, but I 
hope so. Our intentions are peaceful 
toward all men everywhere. These 
people should be glad to see us. Why, 
they may even give us some new 
materials to use as fuel!" 

Minnesota Technolog 



ECONOMY CENTER TIMES 
15 JANUARY 301975 A.C. 

Scientist Discusses 
Spacea Time Anomaly 

(I PU) Mathematics Institute of 
Humanities astrophysicist 2456Ch 
Transistorsplicer stated today that 

he had discovered a "space-time 
anomaly" orbiting around the sun 

beyond the planet Pluto. Pluto is 
the ninth and outermost known 

planet of the solar system. Ac
cording to Transistorsplicer. the 
presence of the anomaly accounts 
for the observed perturbations in 
the orbits of the outermost plan
ets. 

"You could call the anomaly a 
'hole in the fabric of space'." said 
Transistorsplicer with an IBM ac

cent. "Something going through 
the hole would come out a defi
nite period of time either in the 
past or the future - I don't know 
which yet." 

Programmer 1010. the space 
probe which flew by Jupiter in 

December. 301973. will be the 
first machine-made object to reach 
the anomaly. "Since the anomaly 
orbits the sun at an 87 degree 
angle to the plane in which most 
of the planets revolve. Program
mer will be the only thing ma
chines have sent in its (the anom
aly's) direction." 

When asked to speculate on 
the nature of space-time beyond 
the anomaly, Transistorsplicer said. 
"Things could be all turned around 
out there. you know." 

ECONOMY CENTER TIMES 28 JUNE 301984 A. C. 

Alien Space Probe Captured 

Special to the Economy Center identifying code-number of the 
Times 

Z7 .A2 6 Poetics Research 
Center. located here in Z7. spotted 
the peculiar object three months 
ago. Spurred by hopes of estab
lishing contact with an alien civili
zation. SST in cooperation with 
the Competing Computer Corpora
tion Programmers (CCCP). sent out 
an interplanetary scout vehicle to 
capture the probe from the depths 
of the unknown before it passed 
by the earth into the sun. 

The object was picked up yes

terday by the scout vehicle Eniac 
01. Pictures beamed back to earth 
showed the object was built in 
machine form. 

(See related stories. 
slots 1. 19 and 45. 34.) 

fiche-

Poetics researchers centered 
their investigation of the object on 
the small plaque attached to the 
space probe. Most researchers 
hypothesized that the placard rep
resented an effort by the builders 
of the object to communicate the 
origin of the probe. while others 
contended that it was merely the 

probe. 
"It seems fairly obvious to me." 

said 1 24c41 Productloop, director 
of the Poetics Research Center. 
"that the two forms in the fore
ground of the placard are repre
sentations of the Great Program

mer. I am puzzled. however. by 
the fact that the form on the right. 
with the two appendages between 
its legs. is different from the tradi
tional and most reverently true 
image of the Programmer. 

"This conclusively shows the 

universality of the great Program
mer. The civilization which pro

duced this probe must be in ad
vance of our own, but evidently 

they are more decadent than we. 
They chose to build the probe in 
the image of machine-king while 
we used the virtuous form of the 
Program mer itself. Nevertheless. 
the form of the probe and the 
highly stylized schematic of it on 
the plaque demonstrate that this 
civilization is made up of machines 
much like ourselves." 

ECONOMY CENTER TIMES 4 JULY 301984 A.C. 

HExplore ST A" Says Zero 

From the Digitized Wire Services 
Traditionalist Economic Center. 

M 13 - President 124C40 Zero 
continued his re-election campaign 
into M 13 today by calling for the 

exploration of the Space-Time 
Anomaly (STA). The alien space
probe captured last week appar
ently came through the STA. Cit

ing world protein shortages. the 
president called for a "full-scale 
investigation" of the ST A and the 
civilization beyond it. 

"The civilization which sent this 
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probe must be well in advance of 
our own." said Zero to an overflow 
crowd at the Atomized Bit Regis
ter in Traditionalist Economic Cen
ter. "We must send scouts out to 
contact these people. Programmer 
willing, we can learn much from 
them." 

Reporting that his literary advis
ors had told him that the alien 
space-probe was powered by ma
terials on which machines are 
based. the President said. "Since 
these machines are apparently so 

Plaque found on alien space probe captured 
by SST -CCCI? scout vehicle, IEniac 01. 

much like ourselves. perhaps they 
can learn something from us. We 
can at least share the wisdom of 
the Programmer." 

Asked by an interviewer on 
omni-beam this morning if the al
iens were peacefuL Zero replied. "I 
do~'t know. but I hope so. Our 
intentions are peaceful toward all 
machines everywhere. These ma
chines should be glad to see us. 
Why, they may even give us some 
new forms of protein to use as 
fuel." 

Paul Burtness & James M. Young 
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Ancient garfish fossils, surrounded by the 
tools which are used to clean the fossils. 

6 

Looking ·• up at the brooding 
skeletons of monsters long dead, 
few people can avoid the questions 
these bones evoke: Whatever hap
pened to the dinosaurs? What was 
their ancient world like? And 
how, in the name of all that's 
holy, did the scientists know how 
to put those hundreds of bones 
back together in the proper order? 

A museum is like an iceberg, 
with only a small portion visible 
to the casual eye. The dinosaur 
skeleton mounted proudly in its 
halls is the tip of that iceberg; 
behind closed doors there are 
many more bones and fragments 
reserved for the study of scien
tists. Though these bones are seen 
by only a few, the results of their 

by Albert W. Kuhfeld 

studies filter out to the general 
public in the pages of books about 
the Age of Dinosaurs. 

The bones are interesting; the 
path they follow in getting from 
the monster to the museum is 
equally fascinating. An animal 
dies. Its body is covered by silt or 
the blowing sands. The body de
cays and leaves its bones behind. 
Through the ages the silt or sand 
surrounding the bones hardens 
into rock; after millions of years 
erosion exposes this rock, and the 
scientist steps in. 

In the desert, there is a fossil
ized dinosaur skeleton; in the city, 
a museum. Linking the two, we 
find a paleontologist. 

It's not that fossils occur only 
in the desert; but in the desert 
they are easier to find and dig 
up. Desert rocks are not covered 
by soil, plant life, or buildings; a 
man can walk along and examine 
the surface of the ground at his 
leisure in his search for fragments 
of bone. Huge pits may be dug to 
unearth those bones when they 
are found, without interfering in 
the affairs of other men. Simply, 
in desert territories the paleontol
ogist has an easier time finding 
fossil bones, and an easier time 
getting permission to dig them up. 
The inconveniences of heat and 
especially of poor water supply 
must be borne, for they come 
along with the advantages. 

A search for a new field of fos-
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sils begins with a geologic map, 
for fossils are found only in sedi
mentary rocks of the proper age. 
Once the paleontologist has found 
a place where rocks of the right 
age and type are exposed, he goes 
forth and talks to people. Local 
ranchers, farmers, or hunters who 
know the land: know where the 
water is, know where the roads 
and trails are, perhaps even know 
where there are tales of fossils. A 
search by plane, horse, and foot 
follows. 

Small fossils are much more 
commonly found than large ones, 
simply because there were so 
many more small animals to be 
fossilized. The searcher looks for 
these small fossils as a guidepost; 
they give a good indication of 
those still hidden, for ancient 
beasts lived in communities even 
as animals do today. And so the 
process of search goes on, until a 
small region has been found 
which promises to have the de
sired fossils. Then the full crew is 
called in. 

The territory is divided up. 
Each man of the crew is assigned 
an area to search. (These assign
ments are given on the (~buddy 

system". The area is likely to be 
a hotbed of rocks, ravines, and 
rattlesnakes. A friend nearby 
gives a certain security to the 
process.) The ground is carefully 
scanned, as are the walls of the 
ravines and the sides of the hills. 
All fossils found on the surface 
are collected and placed in small 
bags tagged with the location. If 
fragments of larger bones are 
found lying on the surface, they 
are traced back to their origin 
whenever this is possible. 

Occasionally an entire large 
bone will be found in its original 
location; when this happens, the 
investigation begins to focus 
down. Carefully, the bone is dug 
out, using awls and brushes to 
avoid damage to the delicate fos
sil. A pedestal of rock is left be
neath as a support for the fragile 
bone. (Many of the rocks in which 
fossils are found are quite soft 
and amenable to digging, especial
ly some sandstones, mudstones, 
and shales.) 

Once a large bone is uncovered 
and the paleontologist has decided 
that it is worth having, the proc
ess of preservation begins. Shellac 
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The mounted skeleton of an Allosaur. 

is carefully brushed over the 
cleaned bone to hold its crumbly 
fragments together and strengthen 
it for further care. This is fol
lowed by a coat of tissue paper 
soaked in shellac. After the shel
lac dries thoroughly, wet burlap is 
smoothed over the bone and 
pressed into all the little crevices. 
Cloth soaked in plaster is then 
carefully wrapped over the burlap 
and again smoothed into the crev
ices. This plaster cast holds the 
bone and keeps it from damage 
during transport. 

A small tunnel is dug under 
the bone and more burlap and 
plaster wrapped around beneath, 
to hold the fossil until the cast is 
completed. The rock beneath the 
bone is then removed, and the 
underside covered with plaster 
and burlap. The cast is carefully 
labelled and notes are taken giv
ing the location, identification, 
and condition of the fossil. The 
plaster-encased bone is then 
stored away at the base camp. 

After these preliminary surveys 
have been made, the most promis
ing location is chosen and the 
digging begins. The site is proba
bly on the side of a hill or ravine, 
because erosion is more likely to 
expose bones there. The first job 
is to strip off the overburden -
this can mean carefully shovelling 
out tons of soft rock and earth, or 
it may mean bulldozers. The pa
leontologist and his crew then dig 
cautiously into the rock. As each 
fossil bone is uncovered it is pho
tographed and receives the shel-

lac-burlap-plaster treatment, while 
its location is surveyed and re
corded. 

Once all the accessible bones 
have been excavated, the plaster
jacketed fossils are carefully 
packed into padded crates and 
shipped back to the mu"eum. 
Depending upon the rock types, a 
good sample of the rock may be 
included. Some shales and mud
stones can be slowly dissolved and 
washed away in a stirred water 
bath to free the tiny fossils 
trapped inside. These give a good 
picture of the smaller creatures 
that shared the world with the 
dinosaur. 

The plaster-encased fossils are 
stored in the laboratory, and the 
jacket of the most interesting fos
sil is carefully cut away to expose 
the bone. Then the cleaning oper
ation begins. The procedures and 
tools used to remove the rock and 
debris from the bones can be al
most unbelievably delicate. (Much 
of the work proceeds under a 
magnifying glass.) Small chisels 
and tiny hammers are used for 
the coarse work. N eedlepoints re
sembling a sturdy set of dental 
tools scrape the last rock frag
ments from the surfaces. Finally, 
a sandblast pencil is used to clean 
out small areas and cavities. 

A fossil bone is a brittle object, 
even with the shellac treatment to 
strengthen it. As the rock is care
fully picked and scraped and 
brushed off, it is common to find 
that the bone has been broken 
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above 
Putting shellac and tissue paper on the 
freshly-excavated ischium of a Triceratops. 

Paleontologist Bruce Erickson studying the 
femur of a Champsosaur. The white areas are 
plaster restorations. 

right 

Artist Jeff Birch working on the molded 
fiberglass parts of a Hypsilophodon model. 
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into a dozen pieces. The relative 
positions of the bone fragments 
often show the original structure; 
but at other times repair can be 
rather like working a three-di
mensional jigsaw puzzle. The scat
tered fragments are pieced togeth
er with a water mixture of plaster 
and dextrin having the consisten
cy of cake frosting. This mixture 
has good adhesive properties, and 
is generally used on porous bones. 
It is very hard, and once set can
not be easily carved or shaped. 
Epoxy is used for specimens with 
dense bone structure or specimens 
in which the rock is an integral 
part of the preparation. 

When all the bones of a fossil 
dinosaur have been prepared, 
study can take two paths. If the 
skeleton is far from complete, or 
if a new exhibit is not wanted, 
they are studied as-is. Often, if a 
skull has broken along the fis
sures between the various bones, 
it will not even be pieced togeth
er; the bones of the skull are 
more readily studied separately. 
No attempt is made to replace the 
missing portions of bone by plas
ter modelling. And the contrast 
between the bone and the white 
dextrin plaster is left. 

With a reasonably complete 
skeleton, much more can be 
learned about the animal than 
most people would believe. The 
teeth show whether the beast ate 

Photographs courtesy of Science Museum of Minnesota 
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plants or flesh; indeed, what kind 
of plants or flesh it ate. Bones 
have raised portions which form 
attachments for tendons and mus
cles; from the size and orientation 
of these attachments, it is possible 
to deduce something of the muscu
lature of the dinosaur. The articu
lation of the hip and shoulder 
joints gives an estimate of its 
habitual posture and motions. 
From the tendon grooves in the 
tail vertebrae the paleontologist 
can tell how heavy and flexible 
the tail was, and whether it 
dragged or was raised as a coun
terweight in the bipedal dino
saurs. Triceratops skulls often 
bear marks such as would be 
made by the horns of other tricer
atops; apparently the beast had a 
foul temper and was given to 
fighting with its own kind. Teeth 
reveal what kind of flesh a car
nivorous dinosaur ate; from tooth
marks it is possible to guess what 
kind of flesh-eater ate a some
what-gnawed specimen. 

Other forms of fossils give other 
kinds of information. Sometimes 
an impression is left behind: dino
saur tracks are one of the more 
outstanding examples. These 
tracks allow a cross-check of the 
guesses about dinosaur locomotion. 
The imprint of the hide of a duck
bill dinosaur has been found, 
showing that this dinosaur had 
skin rather like that of modern 
reptiles. Coprolites (fossilized 
feces) at times show what manner 
of food the animal ate - although 
there is often difficulty in asso
ciating any particular coprolite 
with a specific kind of animal. 
And other occasional imprints 
show up other features of the 
animal; the first bird 
archaeopteryx would appear to be 
just another strange reptile, if not 
for the fossilized imprints of its 
feathers. 

When an exceptionally fine 
specimen has been acquired, it is 
mounted for display in the mu
seum. This is an entire new realm 
of restoration, for a fossil skeleton 
is almost never found in its en
tirety. The triceratops at the Sci
ence Museum of Minnesota is one 
of the most complete specimens 
known - and yet it contains the 
bones of two individuals, and a 
good deal of plaster besides. 
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Each bone must be present and 
complete when a skeleton is to be 
mounted. In many cases, bones or 
parts of bones will be missing. If 
the left half of the skull is present, 
it is easy to make a plaster resto
ration of the right half; the side 
that is complete serves as a model 
for the missing side. Models for 
bones which are completely miss
ing are often found in the collec
tions of other museums. These 
may be examined, and models 
made from them to replace the 
missing bones. Plaster restorations 
and copies are made in this way 
to fill out a complete skeleton. It 
was formerly considered good 
practice to leave the plaster por
tions of a skeleton white; current 
practice is to stain all bones -
plaster and fossil - a uniform 
color and use white plaster to in
dicate the cartilaginous parts of 
the skeleton, which are seldom 
fossilized and are reproduced al
most entirely by analogy with liv
ing creatures. 

A thorough study of the skele
ton's articulation must follow, in 
order to get the bones in their 
proper relationship. When this has 
been done, a framework of iron or 
steel is constructed to hold the 
bones in position. Some bones are 
drilled down their centers for the 
framework (the vertebrae are 
almost always handled in this 
way). Others have the framework 
molded to their contours and are 
mounted by small straps. Every 
attempt is made to get the bones 
into as lifelike an attitude as is 
possible for a skeleton. ((Cartilage" 
is filled in with plaster. A suit
able ((ground" is then built up 
around the supports of the frame
work, some kind of fence is pro
vided to protect the skeleton, and 
at times a background is painted 
to indicate the creature's habitat 
and habits. 

No dinosaur skeleton is com
plete without a small model show
ing it as it appeared in life. The 
articulated skeleton is a mere 
starting-point for such a recon
struction. Upon its framework (or 
a small model thereof) clay ((mus
cles" are placed, with location and 
size given by the orientation and 
size of the muscle attachments on 
the bones. This procedure gives 
the major skeletal muscles; super
ficial muscles are added by guess 

and analogy, as are the soft tis
sues and internal organs of the 
body. The model is finally fin
ished with a clay (Cskin" whose 
texture and looseness is taken 
from modern reptiles and the few 
known imprints of dinosaur skin. 

A careful mold of the clay dino
saur is made, and the final model 
cast in some more durable sub
stance such as plastic or fiber
glass. This casting is painted in 
one of the more common color
schemes of the lizard family, giv
en a set of glass eyes, and mount
ed alongside the skeleton. Accom
panying the exhibit, of course, is 
a placard giving the most impor
tant facts known or deduced about 
the animal: size, diet, natural 
enemies. 

And with the entire restoration 
finished - a job which takes 
years - the paleontologist can 
relax until the next expedition. 
(That expedition was probably a 
year earlier, and its fruits wait in 
the laboratory to be handled in 
precisely the same way, but no 
matter.) Some scientists have been 
known to celebrate the completion 
of a years-long job like this by 
going out and getting themselves 
petrified ... 
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by Paul Burtness 

ankind is bound to the physi
cal laws of the universe. As 

long as man remains in this state, 
his well-being and satisfaction 
will depend on his skill in manip
ulating materials and his ability 
to control the environment. While 
some members of the human race 
emphasize the nonphysical aspects 
of life, the majority base their 
hopes on increasing knowledge 
and mastery of the natural sci
ences. Although this majority has 
reaped rewards from its methodol
ogy, it has always found itself 
caught in the middle, one stop 
ahead of famine and shortages 
and one stop behind a materially 
abundant utopia. 

We face the same problem now. 
Seeming limitations imposed on 
us by the finite physical nature of 
spaceship Earth - which will 
require a quantum leap in imagi
nation to cope with - are com
pounded by the intractable nature 
of man's social systems. 

In order to provide one perspec
tive on this problem, the 
Technolog arranged to have 
several professors of two sciences 
that bear on the problem - mate
rials science and mechanical engi
neering - meet and discuss what 
they saw as the relevant issues. 
Participants included Howard 
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Hickman, a University materials 
science assistant professor, Louis 
Toth, a materials science profes
sor, and J. Edward Anderson, a 
mechanical engineering professor. 
Also participating were Perry 
Blackshear, a mechanical engi
neering professor, Dahyu Cheng, 
visiting from the mechanical engi
neering department of the Univer
sity of California at Santa Clara, 
and Ned Thomas, a new member 
of the chemical engineering facul
ty. 

The discussion, which took 
place in late October, was infor
mal and open-ended. We cannot 
say that all dimensions of the 
problem were explored or that 
solutions were arrived at. The dis
cussion illustrates the potentials 
and pitfalls that will be encoun
tered in the future. 

The discussion began with the 
premise that materials science 
and mechanical engineering di
rectly influence society through 
the development of consumer 
goods. 

Hickman countered with an 

opposite argument. ((I guess I 
have the impression that the proc
ess is much the other way, going 
from a need based on a consumer 
good or product and back to the 
other end," he said. 

Thomas continued the same 
argument. HThe horse is the need 
and the cart is the science. Sput
nik, for example. Materials sci
ence got started in the 60's when 
we decided to go into space and 
we needed all sorts of brand new 
materials." 

The success scientists and engi
neers first met with in the devel
opment of new materials and 
techniques led to an attitude that 
any problem could be solved given 
enough time and effort. Faith in 
the ~(technical fix", however, was 
quickly demolished as many im
passable barriers blocked the path 
of scientific progress. First and 
foremost of these impasses is the 
finite supply of earthly resources. 

Given the high resource con
sumption level of industrialized 
nations and the rising expecta
tions of developing nations, short-

Dr. J. Edward Anders.;.;on,;,._"""""'""""'"""""""""'""'l!l 
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ages of materials and energy are 
going to be fantastic, Blackshear 
asserted. HEven if you don't be
lieve the (limits to growth' num
bers (the Club of Rome study by 
Dennis Meadows), if you put 
American consumption just for the 
number of people on earth, you 
get life spans of known reserves 
on the order of five to ten years." 

Toth, however, took a different 
point of view. ((I don't think there 
are going to be any real shortages 
of many materials. What I fear is 
that the price of so many com
modities which we are accustomed 
to are going to go up simultane
ously." The simultaneous rise in 
prices would hamper the search 
for alternative resources. 

The interdependence of the 
world economy and the fact that 
key resources are often located in 
only a few spots accentuates the 
viewpoint that political instability 
could lead to disaster, Hickman 
pointed out. ((That stability argu
ment is as scary as anything else 
in the limits to growth argu
ment." 

Cheng used the example of the 
recent gasoline shortage in Den
ver to illustrate how the current 
situation can be used to benefit 
individuals at the cost of society. 
Asserting that the shortage was 
the result of a conspiracy, Cheng 
described how a black market 
with exorbitant prices soon arose. 

It would seem then that the 
scientist and engineer are at a 
loss in coping with the array of 
barriers now thrown in their path. 
The forte of science has been the 
.devising of a better way of utiliz
ing imagination. This is what is 
needed now. 

((We need new institutions that 
Dr. Howard Hickman 
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can develop ideas to the point 
where you can get enough data to 
really make a case for developing 
a new energy policy or materials 
policy," Anderson said. ~(we really 
haven't had those institutions that 
can look into these questions in 
enough depth to come up with 
definitive policies." 

Blackshear underscored the 
need for new institutions. ((In all 
these shortages, what we need are 
alternatives. But, for example, it 
is in the oil companies' interest to 
keep the price of oil going up 
because they have a reservoir. 
Are they going to be the people 
who can generate the alterna
tives? Or the copper companies to 
generate alternatives to copper? 
What sort of institution can we 
count on? It doesn't look like the 
market system lends itself to de
veloping viable alternatives." 

Some alternative institutions 
have started, but the type of plan
ning they conduct is often inde
pendent of the interests of the 
people being planned for. This 
results from the planners' attitude 
that they already have all the 
relevant information they need to 
plan, and that they can ignore 
other sources of information, Hick
man said. 

Along the same lines, Anderson 
observed that, ((The type of plan
ning that gets done sometimes 
gets captured by vested interests 
of one kind or another where peo
ple decide what the solution will 
be and block any independent 
planning." 

The proper format for an organ
ization that could take a broad, 
interdisciplinary approach to ma
terials problems is debatable. Toth 

supported a government-private 
industry hybrid that could supply 
the vast amounts of funds and 
manpower needed to solve some 
problems. Such an organization 
would be similar to the Manhat
tan project of World War II or the 
present day National Aeronautics 
and Space Administration. 

Hickman, however, was con
cerned that such a massive organ
ization would not provide the di
versity and open atmosphere 
needed for imaginative engineer
ing. Research distributed through
out the universities would have 
these necessary qualities, he as
serted. 

In the end, though, all planning 
and research comes to a compro
mise between fundamentally un
reconcilable values, Hickman said. 
((It just gets down to being the 
opinions of a variety of experts as 
judged and appraised by a variety 
of people who, perhaps, accurately 
reflect the values of society. So 
when you talk about planning and 
policy making, that's just one side 
of a 75,000-sided question." 

Dr. Louis Toth 

11 





launch vehicle had to be scrapped, or 
if there were an explosion on board 
the booster before launch, it is quite 
possible that widespread nuclear 
contamination of the world might 
take place. Metallic plutonium dust
born aloft by flames or rocket only to 
be dumped into the sea is an ex
tremely unpleasant substance for 
living things to contact. Therefore 
the RTGs were designed so that they 
could not possibly be damaged by a 
combined crash and explosion. This 
innovation might soon be used in in
dustrial nuclear generating plants; 
in an era of energy shortages, safer 
and more reliable generators 
developed by NASA may be snapped 
up by private businesses and utility 
companies. 

Not only is the probe frail, it is 
sensitive. It has been demagnetized 
so that its instruments can detect 
magnetic fields in space measurable 
in hundredths of gammas. (A 
gamma is 10 5 Gauss; a Gauss is 
about three times greater than the 
Earth's magnetic field anywhere on 
its surface.) This means that the 
craft has certain of its instruments 
shielded so that they cannot detect 
very small magnetic fields within 
the probe itself. The field of a typical 
paper-clip - one not magnetized in 
the everyday sense - is great 
enough to disturb these instru
ments. 

And these sensitive mag
netometers discovered a perplexing 
Jovian phenomenon. As the Pioneer 
neared Jupiter, it first encountered 
the planet's magnetic field on 26 
November, when the craft was about 
4.7 million miles from Jupiter. After 
passing through the ('bow shock" -
the shock wave caused by the col
lision of the solar wind with the 
Jovian magnetic fields the 
strength of the field declined. Then 
on 30 November, the Pioneer's field 
detectors picked up a tremendous 
leap in the strength of the field; par
ticle detectors counted more charged 
particles too. The bow shock had 
shifted towards Jupiter a distance 
equal to near 50 Jovian radii, 
rammed by a gust of the solar wind. 
The solar wind causes the Earth's 
magnetic field to wobble no more 
than about five Earth radii. By com
parison, the fluctuation of Jupiter's 
fields is out of proportion to the fluc
tuation of Earth's bow shock. 

Pioneer closed on Jupiter until the 
planet filled the entire view of the 
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PIONEER/JUPITER SPACECRAFT 

main television camera. The 
spacecraft passed by Jupiter in a 
plane tilted a few degrees from the 
planet's magnetic equator. Fierce 
radiation washed the probe as it 
passed by Jupiter; Pioneer 10 
received 500,000 rads, a dose one 
thousand times greater than a fatal 
dosage for human beings. Though 
radioactive bombardment could 
have destroyed vital plastic parts in 
the spacecraft, the Pioneer sailed 
through the strongest part of 
Jupiter's magnetic fields unscathed. 
One of Jupiter's moons, Io, may have 

swept charged particles out of the 
way of the probe. If Pioneer 11 -
which was built to withstand 
greater amounts of heat and 
radioactive bombardment than 
Pioneer 10 - were to fly closer to 
Jupiter near its equator, it is certain 
the second craft would be severly 
damaged. (Pioneer 11 may pass 
much closer to Jupiter than Pioneer 
10, but 45 degrees south of the 
equator. The second craft would 
then head towards a fly-by of Sat
urn.) 

A minor controversy has 

ual pro otion ladders 
for rofessional rowth 

at onwe 

n initial assignments as a Conwed engineer you will be 
performing technical functions- either in product develop
ment or process improvements. Our fields of technology 
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developed about the exact shape of 
Jupiter's magnetic fields. According 
to the Pioneer 10 project director, 
John H. Wolfe, the fields are roughly 
torroidal, <(the shape of a soggy 
doughnut." According to Science 
News (15 December 1973), James A. 
Van Allen of the University of Iowa 
does not agree with this view. Van 
Allen believes that the magnetic 
field tapers off around its edge. 
There is some conjecture from other 
researchers that the magnetic fields 
may not be quite circular, and that 
Jupiter's magnetic equator is not 
quite planar; perhaps, according to 
this view, the magnetic equator of 
Jupiter resembles a warped record. 

This controversy will undoubtly 
die down as the data collected by 
Pioneer is analyzed; perhaps it will 
take Pioneer 11 to clear up some of 
the quibbling over the exact nature 
of Jupiter's magnetic field. In the 
meantime, some new point of con
troversy could well develop. Perhaps 
it will be an argument about the 
nature of the Great Red Spot - a 
feature of Jupiter which was 
photographed by Pioneer 10, and 
thereby shown to jut nearly five 
kilometers above the surrounding 
atmosphere of the planet. 

Another controversial point has 
yet to arise, but as Pioneer con
tinues on its way, argument will 
begin on the exact nature of a solar 
system. For someone will be curious 
as to exactly when Pioneer will 
leave the system; and to find out 
that information, one must define 
the solar system in terms of 
volume. Perhaps the solar system 
could be defined as a roughly cylin
drical solid determined by the orbit 
of Pluto; or perhaps a volume of 
space determined by the gravity 
well of the Sun could be used as the 
definition of the system. This is 
merely a question of defining 
something; tougher problems will 
arise from the analysis of the infor
mation collected by the space probe. 

Pioneer has initiated a new era of 
space exploration. Even in relatively 
gloomy economic conditions, new 
and important discoveries have been 
made in the ~~final frontier." A little 
spacecraft has sailed out from the 
solar system, the flagship of a fleet 
to follow. 

Gould is a company of Proud 
Inventors, committed to new 
product development as our basic 
growth strategy. Our expertise is 
concentrated in four integrated 
technologies; electrochemical, 
electromechanical, metallurgical 
and electronic. The advertisement 
below, which appeared originally 
in THE WALL STREET JOURNAL, 
shows one example of the kind of 
projects going on at Gould. 

The Proud Inventors have de
veloped miniature batteries 
that get their power from solid 
materials. Since the electrical 
energy is produced in a truly 
dry state, solid batteries can be 
stored for ten years or more 
and still retain theirfull charge. 
They can't leak and damage 
surrounding parts. Or fail from 
shock and vibration. 
We've gained valuable experi
ence with our new batteries in 
critical military applications. 
Now they're available for com
mercial use. If you need a low 
voltage battery with remark
able storage life and the ability 
to take punishment, we have 
the answer. Gould Inc., 8550 
West Bryn Mawr Avenue, 
Chicago, Illinois 60631. 



The small cube of plastic in the 
beaker dissolved as solution G 
was added. 

((Dammit, this one's no good 
either," rasped Robert Valishek as 
he poured the contents of the 
beaker into a disposal pool. He 
turned to Sharon Rexall. She was 
intently studying two molecular 
structures - a red one of the 
planet's atmosphere, with the 
mutation in blue, and one of the 
last failure. 

((Let's try taking a phosphorus 
atom off here," she said, pointing 
to the 3-D projection of the plastic 
molecule, ((and then stick a silicon 
atom here." She nodded her head 
as she kept studying the 3-D 
projections - first one, then the 
other. 

((All right," said Robert. He 
pushed some buttons on the Ste
vens II Plastic Synthesizer and 
then pressed the green button. In 
a few seconds, five white cubes of 
plastic appeared and Robert put 
them into a beaker. 

((The second shields have just 
been dissolved by the outer atmo
sphere. It should get through our 
inner walls in about ten minutes," 
said Frank Davis, looking up from 
his viewing console. ((The lights 
will dim in a few minutes as the 
air eats the plastic parts in the 
secondary generator outside. Uhh, 
any luck?" 

((No, we still haven't found a 
plastic that will resist whatever 
that electrical storm did to the 
planet's atmosphere," replied 
Sharon. 

((And you're sure there isn't 
enough lead to use on our walls?" 
asked Frank, already knowing the 
answer. 

((We used all of it to coat the 
apparatus for the experiments. 
And that was less than a kilo," 
said Sharon. Frank went back to 
his console and Sharon turned to 
watch as Robert froze the plastic 
cubes. 

Then Robert placed a plastic 
cube into the lead-lined beaker 
and turned to Sharon. 

((We'll start with a four to one 
mixture of the air in water. Use 
solution D." Robert nodded and 
slowly added the green solution to 
the beaker. 

No reaction. 
As Robert emptied the beaker 

and put another cube into it, 
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They Lived And Died And Live Again, 
Inside Their Minds And Inside a 
Machine. 
They Were .. 

by Jon C. Nelson 

Sharon said, ((Now try a two to 
one mixture - use solution G." 

The lights dimmed as Robert 
poured the blue solution into the 
beaker. 

No reaction. 
Mechanically, Robert emptied 

the beaker and placed another 
cube in it. 

((Let's go right to pure air," said 
Sharon. Robert took the lead-lined 
canister and filled the beaker 
with the planet's poisonous atmo
sphere. Frank came over to watch. 

One second passed. Then five. 
At ten seconds the cube dissolved. 

The three scientists looked at 
each other in silence. They had 

tried and failed. And now they 
had to pay the harsh price. 

Robert broke the silence. ((you 
know what gets me," he said, ((is 
that our lives are so insignificant 
out here. So what if we die on 
this remote planet in this re
search station. Who will care?'' 

Again there was silence. 
Frank Davis, Sharon Rexall and 

Robert V alishek died. 
But then they lived. Then they 

died. Then they lived. Then they 
Two men watch silently from 

the Outside. 
((Why two males and one 

female?" asked one of them. 
((To create an element of compe-
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tition, which improves their per
formance. The two males subcon
sciously compete for the female, 
and she in turn tries to show off," 
answered the other. 

died. Then they lived. Then 
they died. Then they lived ... 

The hill was covered with green 
grass. And on the hill was the 
Sharon. She lay naked on the 
grass, looking up at the clouds 
above. The air carried the scent of 
spring and the sun the warmth. 
Music was playing somewhere. 
The Master, she thought, is cer
tainly in a good mood today. 

TheRobert called to her as he 
came running up the hill. The
Sharon stood up to greet him. 

When they were facing each 
other, they touched the tips of 
their index fingers to each other's 
and experienced Oneness. After 
that, there was no further need 
for communication. 

Then theFrank came running to 
join them. He experienced One
ness with theSharon and the
Robert. Then They sat down to 
enjoy. 

Day became Night and Night 
became Day. Then theFrank and 
theSharon and theRobert joined 
hands ... 

Water was all around. And 
each of Them was swimming and 
breathing in the water. They 
played with theFishes and the
Turtles. 

After that, theOldCrab told 
Them tales of Old Earth and 
They listened and They cried. 

Then They joined hands . . 
TheRobert chased a robin, while 

theSharon and theFrank flew af
ter him. Then theRobert flew 
higher. 

And higher and higher. The
Frank and theSharon followed 
him. 

Together They flew higher and 
higher still. Finally, They stopped 
at theMoon. There was nothing 
there. 

So They flew higher and higher 
and higher. And They landed on 
theSun. Their bodies were burned 
away, but They still played. 

They experienced Oneness with 
theFlames of theSun and They 
became wise. So wise, in fact, that 
They questioned some things of 
The Master ... 

The music stopped. The Master 
was angry at Them. He brought 
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Them to Earth to take Their 
Identities away. 

TheRobert and theSharon and 
theFrank were pinned by The 
Master. 

Simultaneously, He entered all 
three of Them. His cosmic mind 
attacked Their minds with Sym
bols. And They could not block all 
of them. Each one defended, but 
They could not stop Him. 

TheFrank only blocked a few 
Symbols and he was the first to 
dissolve. 

TheRobert could not stop all the 
Symbols, but he was able to 
counter with some of his own. 
However, he, too, was dissolved. 

It took a long time to dissolve 
theSharon. She was able to stop 
every Symbol except one. But The 
Master used that Symbol to de
stroy her. 

Sharon, Robert and Frank were 
suspended in another dimension 
for a nanosecond after their death. 
Then they lived again. Then they 

~(How many times do they do 
that?" asked the same man, as he 
watched. 

((Sometimes, it is only a few 
times; but other times, it is over 
a hundred times," answered the 
other. 

died. Then they lived. Then 
they died. Then they lived ... 

~(Alien ship at one million kilo
meters and closing, sir," reported 
Sgt. Robert V alishek. 

((Can't you work any faster?" 
demanded Captain Davis. 
~Tm going as fast as I can, sir," 

replied Lt. Sharon Rexall as she 
punched more buttons on the 
Cryptanalyzer III keyboard. Her 
face was illuminated by the blue 
and red symbols shining on the 
screen. 

((We've got to decode that alien 
transmission. We must know if 
they are friendly or not - if we 
should greet them or if we must 
destroy them," said Captain 
Frank Davis. 

~~Alien ship at seven hundred 
and fifty thousand kilometers and 
closing, sir." 

(~Come on, Sharon, hurry!" 
(~I can't dammit. You can't rush 

this machine. If we had gotten a 
fourth generation Cryptanalyzer 
last year, I'd probably be done by 
now." 

Captain Davis scowled and 
walked over to Sgt. V alishek. The 
one-fourth G in the space ship, 
produced by a clockwise rotation 
about the major axis of the ship, 

Minnesota Technolog 



allowed him to walk without us
ing any of the hand grips of the 
walls. 

~(Five hundred thousand kilome
ters and closing, sir," said Sgt. 
Valishek. 

Captain Davis stared past the 
screen for a few moments, then 
went to his chair and switched 
the log-recorder on. 

((Captain Frank Davis, of the 
Terran Scouter Alpha, recording. 
The alien ship continues to close 
in on us and we have not been 
able to decipher their repeating 
transmission. 

((Therefore, I go on record as 
ordering the destruction of the 
alien ship as a defensive action. I 
am aware of the consequences of 
this action, should it prove to be 
the wrong one. But I must do 
what I think is best. Off." 

(~One hundred and fifty thou
sand kilometers and closing, sir." 

Captain Davis stoically uncov
ered the weapons control and pre
pared to fire. 

~(Hold it, sir! I've got it!" yelled 
Lt. Rexall. ((The message is a tri
logrithmic progression based on 

" 
HCut that! What does it say? 

Are they friendly or not?" de
manded the captain. 

((Friendly, sir," replied Lt. Rex
all. 

(~Well done, Lieutenant. Now tie 
the computer into the CIII and 
try to contact the alien ship," 
ordered Captain Frank Davis. 

((yes, sir." 
They didn't die this time be

cause they had solved the Prob
lem. 

((There is your formula," said 
Dr. Sang-Ti, pointing to the com
puter readout on the screen. He 
pushed the PRINT button and 
handed a copy of the formula to 
Mr. Parks. 

Mr. Parks nodded as he took 
the formula, and then followed 
Dr. Sang-Ti down the light blue 
corridor. 

((What was it you called those 
three people?" asked Mr. Parks, 
as he caught up with Dr. Sang-Ti. 

((We call them Dreamers, be
cause dreaming is what they do 
for a living," was the reply. 

((Are they necessary? I mean, 
can't computers do it alone?" 

Dr. Sang-Ti stopped and turned 
to Mr. Parks. ((They are very nee-
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essary. Although computers are 
invaluable tools, they lack one 
important thing - creativity. And 
creativity, Mr. Parks, is what 
Dreamers supply." 

((But how is their creativity 
channeled? How are their minds 
controlled during the dreams?" 
asked Mr. Parks, as they contin
ued down the corridor. 

((Their nervous systems are di
rectly connected to a computer. 
The three Dreamers dream togeth
er - each participates in the 
dream," said Dr. Sang-Ti. (~I must 
admit," he added, ((that the term 
(dream' is a poor one, but it is the 
only way to convey the principle 
to the layman. Actually, what 
Dreamers do is much more com
plicated than just dreaming." 

((But doesn't doing what they do 
sort of dehumanize them? Some
thing like a mental cyborg?" 

Dr. Sang-Ti stopped abruptly, 
turned, and glared at Mr. Parks. 
((Come with me," he said and he 
led Mr. Parks into an office. 

((Sit down, please," said Dr. 
Sang-Ti, icily. HMr. Parks, let me 
set you straight. What do you 
know about Dreamers?" 

((Only what you have told me." 
((Let me tell you the rest," be-

gan Dr. Sang-Ti. ((A Dreamer be
gins training at the age of five. 
During the training, the potential 
Dreamer is brought in by his par
ents twice a month. On each visit 
the trainee has a life and death 
situation planted in the uncom
mitted cortex of his brain by 
hypnosis. Each trainee receives 
the same situations. 

((When the trainee is fifteen, a 
neurosurgeon maps out the exact 
locations of each of these situa
tions and feeds this data into a 
computer. Also during this period, 
the trainee receives word-activated 
hypnotic blocks to stop Freudian 
impulses during the dreaming 
process. 

((At the age of eighteen, the 
trainee chooses between going on 
or quitting. Most of them go on. 
Those who continue receive train
ing in self-hypnosis and dream 
control. 

(~There is nothing, I repeat 
nothing, abnormal about Drea
mers. They are ordinary people, 
except for having higher IQ's and 
coefficients of creativity." Dr. 
Sang-Ti paused, then continued. 

((When someone, like you or 
your company, comes to us with a 
problem to be solved, we feed all 
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the data into the computer. We 
also have the Dreamers study the 
data for at least one day. 

((When everything is ready, the 
Dreamers go into a third level 
sleep. Their minds are then con
nected to the computer, which ac
tivates the first situation. 

((In each situation, the Drea
mers are put into a life and death 
situation, usually involving their 
own lives, and must overcome a 
problem. The problem they must 
solve is equivalent to yours, al
though it is usually in an ab
stract form. 

((With pressure put on them, 
they must try desperately to solve 
the problem. If they fail to solve 
it, the computers kill them and 
they are reborn into a new situa
tion, in which they are closer to 
the answer because of previous 
efforts. 

((Their time line is mentally 
created and therefore very fast. 
As I mentioned before, they can 
live and die over a hundred times 
in one session. When the problem 
is finally solved, the computer 
translates the abstract into the 
original form and the result is in 
your hand." 

Mr. Parks had been quiet and 
attentive. Now he stood and 
turned to leave. Dr. Sang-Ti ran 
his hand through his graying 
hair, then said, ttMr. Parks, I'm 
sorry for lecturing to you, but 
please listen to me for a moment." 

Mr. Parks remained standing. 
Dr. Sang-Ti removed his glasses 
and continued. 

HWhat do you think would hap
pen to our public relations if 
someone started a rumor that we 
used human-machines or some
thing like that? Whatever would 
happen wouldn't be favorable." Dr. 
Sang-Ti locked his eyes upon Mr. 
Parks'. 

((But more importantly, what 
about the Dreamers? They have 
feelings - they can be hurt just 
as easily as you can. And it 
would hurt them to be called cy
borg, or human-machines and 
things like that. Can you see my 
concern?" asked Dr. Sang-Ti. 

((Don't worry, I understand," 
said Mr. Parks. 

(!Thank-you," replied Dr. Sang
Ti, as they shook hands. 
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IS I 
(Dedicated, Responsive, Knowledgeable 
people) Men with vision launched Univac 
and a new era. 

Today, some 30,000 Univac people throughout 
the world bring to their tasks superior 
scientific competence, technological skills of 
a high order, inspiration, and extraordinary 
imagination. 

They fi II exciting jobs in a vastly exciting industry. 

They are found all over the world: scientists, 
technicians, sales representatives, assemblers, 
programmers, systems analysts, field engineers, 
accountants, marketing specialists. Men. 

If you are interested, write 

Women. All races. All creeds. 

Since the computer industry is in itself youthful, 
Univac people tend towards youth. Average 
age is near 30. But maturity and experience 
are present too. Many of those in on the 
beginning of Univac are still found in management 
research, the laboratories, the field, the offices 
and at sophisticated computer sites. Perhaps 
tracking a space satellite. Or helping to probe 
the causes of cancer. Or keeping a transportation 
system on schedule. 

Univac people are its most significant asset. 

Employment Manager 
Univac Defense Systems Division 
P.O. Box 3525 
St. Paul, Minnesota 55165 



Computer applications to solve 
a variety of business problems. 
ITS provides immediate access 
to computer resources, three 
timesharing services, and a 
nationwide network. 
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Jonathan Industrex 
Chaska, Minnesota 55318 



Packaging engineer from Michigan 
State University. She has recently been 
making cartons of merchandise iden
tify themselves electronically to the 
computers. 

Mechanical engineer from Michigan Tech
nological University. She designs intricate 
machines that spool film and must operate 
perfectly in the dark. Turning on lights to 
check them out would spoil the film. 

Chemical engineer from University 
of Rhode Island. She investigates 
possibilities for easier conversion of 
exposed film to finished pictures. 

Industrial engineer 
from University of 
Wisconsin. She has 
devised work-shift 
programs that take 
into account not only 
production require
ments but also per
sonal preferences in 
working hours. 

~ 

Architectural engi
neer from Tennessee 
State University. She / 
works on interior de-/ 
sign of Kodak market-
ing and distribution 
offices throughout the 
U.S.A. 

Mechanical engineer 
from Clarkson College of 
Technology. She com
bines physical and fiscal 
planning for new ma
chine rooms where movie 
film acquires its sound 
stripe. 

Industrial designer from Pratt 
Institute. She uses form, color, 
and graphics to relate the tech
nology of the personal camera 
to people and their sense of 

Chemical engineer from 
State University of New 
York at Buffalo. She is 
studying technical fac
tors in photo-processing 
plants that will be han
dling future films. the appropriate. 

Chemical engineer from 
Youngstown State Uni
versity. She recaptures 
silver and other film 

Mechanical engineer from Uni
versity of Minnesota. She de
signs and troubleshoots hy
draulic systems, bearings, and 
shaft seals. She is a specialist 
on friction, wear, and lubrica-/tion 

Industrial engineer 
from University of 
Miami. Now pro
duction supervisor 

\

responsible for 
bringing together 
people, parts, and 
tools to satisfy de-
mand for those new 
Kodak movie cam
eras you see on TV. 

Mechanical engineer from Rochester 
Institute of Technology. With full re
sponsibility for scheduling and cost 
control, she designs equipment that 
provides production machinery with 
such essentials as compressed air. 

Chemical engineer from 
Youngstown State Universi
ty. Photographers don't mix 
chemicals much anymore. 
She makes a better product 
by the ton, packaged so it's 
never even seen. 

Electrical engineer from South Dakota 
School of Mines. Her machines are three 
stories high, a football field long, and 
work to the tolerances of an expensive 
watch in depositing emulsion layers on 
color film. 

Industrial engineer 
from The Pennsyl
vania State University 
with a mathematics 
degree from Hunter 
College of C.U.N.Y. 
Mathematically she 
analyzes the problem 
of maintaining proper 
color in photographic 
paper. 

This picture could be misleading. Engineering jobs at Kodak 
are not restricted to ladies. Whatever your sex, if you want 
to know about current opportunities in Rochester, N. Y., 
Kingsport, Tenn., or Longview, Tex., for mechanical, chemi-

cal, electrical, or industrial engineers, make yourself known 
to Eastman Kodak Company, Business and Technical Per
sonnel, Rochester, N.Y. 14650. 

Or just tell your placement office of your interest. 

An equal-opportunity employer m/f 
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of 
Trying to figure out the exact 

kind of engineering work you 
should go into can be pretty 
tough. 

One minute you're studying 
a general area like mechanical 
or electrical engineering. The 
next you're faced with a maze of 
job functions you don't fully un
derstand. And that often are 
called different names by differ
ent companies. 

quite a few engineers. So we 
thought a series of ads explain
ing the work they do might come 
in handy. After all, it's better to 
understand the various job func
tions before a job interview than 
waste your interview time try
ing to learn about them. 

turing products. Selling and 
servicing products. 

This ad outlines the types of 
work found in the Development 
and Design area at G E. Other 
ads in this series will cover the 
two remaining areas. 

We also have a handy guide 
that explains all three areas. For 
a free copy, just write: General 
Electric, Dept. AK-1, 570 Lex
ington Avenue, New York, New 
York 10022. General Electric employs 

Basically, engineering at GE 
(and many other companies) can 
be divided into three areas. 
Developing and designing prod
ucts and systems. Manufac-

Basic/ Applied 
Research Englneering 

Motivated by a curiosity about nature, the 
basic research engineer works toward uncov
ering new knowledge and understanding of 
physical phenomena (like the behavior of 
magnetic materials). From this data base, 
the applied research engineer takes basic 
principles and applies them to a particular 
need or problem (such as in
creasing the energy available 
from a permanent magnet). 
Output is aimed at a market
able item. Both work in 
laboratories and advanced 
degrees are usually required. 

Advance Product 
Engineering 

Advance engineers bridge the gap between 
science and application. Their job is to 
understand the latest advances in materials, 
processes, etc., in a product area, then use 
this knowledge to think up ideas for new or 
improved products or to solve technical prob
lems. They must also prove the technical 
feasibility of their ideas through laboratory 
testing and models. Requires a highly cre
ative, analytical mind. A pioneering spirit. 
And a high level of technical expertise. Out
put is often a functional model. 

Product Design Engineering 
Design engineers at G E pick up where the 
advance engineer leaves off. They take the 
product idea and transform it into a product 
design that meets given specs and can be 
manufactured. Usually, they are responsible 
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for taking their designs through initial pro
duction to prove they can be manufactured 
within cost. Requires a generalist who can 
work with many experts, then put all the 

ieces together to make a product. From 
power plants to toasters. Output is schemat-

1 ics, drawings, performance and materials 
specs, test instructions and results, etc. 

Product Production 
Engineering 

Production engineers in
terface between the 
design engineer and 

manufacturing people. 
They interpret the product 

design intent to 
manufacturing. They 
maintain production 

scheduling by trouble
shooting during manu-

facturing and determining deviations from 
specs. When necessary, they help design 
adaptations of the product design to im
prove quality or lower cost without changing 
the essential product features. Requires inti
mate familiarity with production facilities. 

Engineering Management 
For people interested in both engineering 
work and management. Engineering man..: 
agers plan and coordinate the work of other 
engineers. They might oversee product devel
opment~ design, production, testing or other 
functions in marketing and manufacturing. 
Requires a strong technical base gained 
through successful engineering work. Sensi
tivity to business factors such as cost and ef
ficiency. Plus the ability to work with people. 

ELECTRIC 
An Equa1 Opportunity Employer 
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Help bring o tetter environment to everyone's I ife ... 
The Corps of Engineers offers exceptional positions of challenge and 
professional satisfaction to engineers who want to help solve critical environ· 
mental problems so all our people can enjoy cleaner, healthier and more 
productive lives. For the engineer who wants to take part in new, more 
advanced, extremely challenging engineering/ construction projects, the 
opportunities are virtually limitless. The Corps' activities today include the 
broadest sweep of professional demands-planning, design, construction
water resources development, navigation and flood control projects, con
struction of hospitals, family housing, manufacturing plants, missile and 
space exploration facilities, research in Corps laboratories related to these 
programs-you name it! This is the organization for the engineer who wants 
to do things, plan things, become involved, grow-starting right now. If you're 
a doer, and you want to be where the action is, write to us today. We'll tell 
you all about the advantages of a civilian career with the Corps of Engineers. 
An equal opportunity employer. 

CORPS OF ENGINEERS DEPARTMENT OF THE ARMY, WASHING_TON, D.C. 20314 
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How do you accommodate multiple functions, 
high non-uniform stresses and complex config
uration in a single component made of standard 
steel shapes? You don't ... That's why this 
power shovel body had to be cast-steel. 

Only with the correct steel composition, and 
integral one-piece construction, could the de
signer be sure that the equipment would take 
the punishing loads and shocks of heavy 
construction work while maintaining the pre
cise alignment of critical shafts and bearings. 

Cast-steel means design flexibility. In ad
dition to offering an unlimited range of 
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shapes, it allows the engineer to RUt the metal 
where it's needed for load-carrying ability ... 
Then too, cast-steel permits streamlined design 
-design that minimizes stress-concentration at 
sharp radii and corners. Can you match such 
versatility with assembly methods? Don't try. 

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 Cent3r Ridge Road, Rocky River, Ohio 44116. 

STEEL FOUNDERS' SOCJ:ETY OF AMERJ:CA 

st-Steel 
r Engineeri Flexib ety 
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ADM is, admittedly, a big company. 

We're in FORTUNE'S 500, post over 
$:850 million in sales annually, and have 
80 foreign and domestic plants and 
offices. However, our big size is a small 
part of our story. 

With our involvement in refined oils, 
soy protein products, commodity trading 
and logistics systems, ADM is helping 
to solve domestic and world food supply 
problems. And we need imaginative, 
innovative, creative individuals to join 

ADM 

ED UP) 
us in our efforts. ADM offers you the 
opportunity to find yourself as an 
individual and as a professional in an 
environment of unlimited growth 
potential in the areas of production 
engineering and merchandising. 

If we sound like your kind of 
company, send your resume to 
Manager of Employment, or contact 
your placement office to arrange 
a campus interview. It could lead to 
a whale of an opportunity. 

ARCHER DANIELS MIDLAND COMPANY /Decatur. Illinois 62525 
An Equal Opportunity Employer 
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The fly me to the moon department. 

Brave New alculators 
In October 1 973 the Technolog reported on 

hand calculators. Here is a postscript to that 
article. containing new developments in pocket 

computers. 

The evil 
Under The Sea 

by John Hardigan Waldo 

Imperfect atch 

by Nathan A. Bucklin 

Three heers 

by Patrick Perkett 
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Think tanks have changed our world. They 

have provided economic strategies. diplomatic 
plans and new ideas for everyone. Surprisingly, 
there are many think tanks in the Twin Cities
working on ideas ranging from artificial intelli
gence to the MTC. 

by Paul Burtness 
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"A comet which will illuminate one-third of the 
night-time sky. It will be the comet of the century." 

Three months ago this was the way the comet Ka
houtek was described to us. If that indeed was the 
"comet of the century" then the Technolog is a weekly 
news magazine originating from Dayton, Ohio. The best 
comet remark we have heard so far is "the comet 
Kahoutek was almost as illuminating as the President's 
Watergate defense." 

If Kahoutek had been the "bonfire in the sky" that 
our learned scientific community claimed it would be. 
then the comet worshippers and comet fearers would 
have appeared in full force. There would have been 
pagan rites held under the comet's glow, worshipping 
peace and airtravel, with a golden image of a Czecho
slovakian scientist as their Messiah. There also would 
have been predictions of earthquakes, famine, poison
ing, and the comet "taking away our sun." As it turned 
out, there were no newsworthy comet worshippers at 
all. As every scientist knows, you cannot worship 
something you can't see. Right? The only fearers who 
made the news were the group who said North Ameri
ca would be destroyed by the end of January and the 
usual gang issuing their semi-annual appeal for the 
mandatory sinking of Madagascar. 

. Which Brings Us . 

Which brings us to the Technolog Our Science Fic
tion Writing Contest. which ended 1 December, was a 
great success, but the deadline was too soon to accept 
the avalanche of "comet stories" which have flooded 
our office. 

For example, one fool, who resides at the Daily, 
submitted a short story with the premise that forces 
exerted by the comet, much like the moon affecting 
tides, caused the 18 minute erasure and subsequent 
hum on the Rosemary Woods tape. We suggested to 
him just where he and his story idea could go, but the 
Daily Opinion Page didn't buy it either. 

Most of the other comet stories - an invention of 
Buckminster Fuller for reading at night, an electric 
phallus symbol designed by Randy Scholes, a plot to 
put Mel Jass in power - are not really worth men
tioning. But one in particular caught our eye. 

The chief characters are the comet Kahoutek, the 
planet Jupiter, the U of M physics department the 
Ames Research Center, and the Minnesota Technolog. 
The plot revolves around a graduate student in physics 
who is befriended by a kindly, knowledgable physics 
professor who speaks in understandable English (the 
only one in the department who can). Being a physics 
student. he misinterprets data stated in plain English 
and rushes to the Technolog claiming that he just 
found out that the planet ,Jupiter will eat the comet 
Kahoutek and that he knows where he can get pictures 
and accounts of this event. The Technolog editor, being 
out to lunch at the time, agrees to print the story and 
puts out four pages of the January Technolog as an 
offering of good faith to the comet. 

. The Plot Sickens 

Now the plot thickens. Kahoutek, being a smart 
comet. avoids Jupiter's tongue (the big red spot), turns 
out its lights so nobody can see it sneaks up to the 
earth at night, devours the four pages of the Technolog 
and flies back from whence it came. 

The Technolog, seeing that its four pages are gone, 
rushes over to the physics department for an explana
tion. First they are rebuffed by a professor named after 
Battle Creek, Michigan. Then a professor with a stig
matism, says he will be glad to interpret this data for 
the Technolog. but only if it first appears in Science 
News. Scientist and the Ladies Home Journal. Finally, 
the head of the physics department meets with them 
only long enough to take away their calculators. 

Meanwhile the Ames Research Center is baffled as 
they have some strange pictures showing the planet 
Jupiter sticking its tongue out. Not knowing what to do 
with them they follow established government proce
dure; they label them "top secret" and release them to 
the general public. 

The graduate student who caused the commotion 
goes into seclusion in Physics 424 and the story ends 
with the Technolog irrevocably losing the four pages 
and being forced to run a magazine only 20 pages long 
in January. 

Of course the story is totally fictitious. It is quite a 
coincidence, however. that the minimum number of 
pages the Technolog published per month this school 
year is 24 and that the Technolog has published either 
24 or 28 pages every month. save one. That month 
was January, when due to circumstances beyond our 
control the Technolog was forced to cut back four 
pages and run a 20 page magazine. We are still mar
velling at that coincidence. 
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"Limbo isn't such a bad place," said H. G. Wells to 
Winston Churchill. 

"But nevertheless. doesn't it strike you as odd that 
they should have no place in which to put us?" 
Churchill pointed upward and sipped his brandy. 

"Well if they had put us in hell. we wouldn't have 
this magnificent drawing room; and if we were in 
heaven we wouldn't want it." 

"Wells, I hate to agree with you. But this time. I be
lieve. you may be correct." 

"But now we're dead, we're always correct." 
"That's one of its pleasant side-effects. Have a cigar 

Wells. as long as we're conjuring." Sir Winston mater
ialized a humidor and passed it over to Wells. and the 
latter selected a fine stogie and lit it. 

"What bothers me. Winston," Wells said with a 
touch of formality, "is just this - We're part of it all 
now, and we know everything; but what about the 
poor blighters still left on Earth making a struggle of 
it?" 

"What of 'em? What can we do for 'em. or they for 
us? A whole lot of prayers we can send back and forth, 
but it all amounts to a lot of noise. all reverberating 
with import and all of it perfectly useless." 

"But doesn't it bother you that we can't do 
anything? Think of the struggle, all the bother they go 
to in order to learn one little thing. And think how 
many of their own kind try to stop them from learning 
anything at all. Why in America today -" 

"America!" snorted Churchill. "Now there's a conun
drum. What's the one thing that in it's unity will split 
everything asunder? The United States. Those people 
could do anything -" 

"And they almost have. They've stopped themselves 
from learning by electing men for nearly a century who 
know little and care to know less. How can they help 
themselves out at all if they can't learn anything new? 
How can they make progress?" 

"If they did learn anything. they'd eventually learn 
how to stop dying; and then they'd learn everything. 
And that would eliminate the need for us. And perhaps 
they'd get around to reviving us. Now then. where 
would we be?" 

"We'd be in two places at once. no doubt. But you 
evade the question. Winston. Mankind must progress 
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or die. Since our sphere of existence isn't related 
strongly to that of Earth, there is no way in which we 
can really help the living along, other than by deeds we 
did or things we said when we, too. lived." 

"But scientific investigation will help them. eh?" 
Wells sipped at his brandy, considering the tone 

with which Churchill had asked his question. Was there 
serious wonder in that sentence, or was the man being 
cynical? 

"Churchill." Wells said, "scientific investigation is the 
only thing that will help. Anything that's soundly stud
ied is scientific. whether politics or atoms. And only if 
science is allowed to progress in allthings will there be 
any progress at all. So, all in all. everything must be 
stu died to the absolute. greatest depth." 

"And does that kind of investigation include the per
sonal affairs of men and women? If you include such 
study, why you do away with privacy. Even here in 
limbo. we have privacy!" 

"But there's privacy in neither heaven nor helL Win
ston. The souls all group together into torture or bliss. 
and we few question marks sit here in Midgard and 
stew. 'And on Earth as it is in heaven . . . God 
wants an Earth without privacy it seems." 

"By God, no! Posh and piddle!*" Churchill turned 
red with anger. "There'll always be a need for limiting 
knowledge. for privacy. If the standards of taste don't 
tell a man to stop his research, then someone else 
ought to. by God! Enough of this claptrap. Good eve
ning to you. sir." And Churchill vanished from the 
room. 

Wells sat there in his overstuffed chair, smoking his 
cigar and thinking. To him it seemed that the only so
ciety that could learn everything would be one in 
which there were no privacy. in which everyone were 
equal. But he was daydreaming again, and he had to 
get back to work. One could not stay in limbo without 
working. 

"ChurchilL" said Wells to the silent room, knowing 
full well that he would be heard, "men will know ev
erything eventually. Then they will be gods themselves. 
and we'll be freaks at a circus show. Soon enough, 
they'll get around to studying us, here." Wells put out 
his cigar. sipped the last of the brandy and dissap
peared. The room blinked out of existence after him. 

*The Minnesota Techno/og is a family magazine and in the inter
ests of good taste. the United States Postal System (with its por
nography statutes) and the ears of our youthful and clean-minded 
readers. we refrain from printing the complete oath as it was origi
nally uttered. 

Robert Pirro & James M. Young 
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manufacturers are caught with a 
I warehouse full of junk. 
• Hewlett-Packard unveiled its 

The same day the October issue 
of the Technolog went to press, 

several manufacturers introduced 
new calculators that were meant to 
compete more directly with the 
Hewlett-Packard models. 

Meanwhile, Hewlett-Packard 
came out with the HP-65. It is 
programmable, weighs only 11 oun
ces, and is the same size as the HP-
45. 

The Texas Instruments SR-50, 
priced at $169.95, makes the new 
calculators of the other four 
manufacturers look very poor. The 
new SR-50 does everything that the 
HP-35 does, including ten place 
scientific notation. It does not have 
polish notation or an operational 
memory stack. Using ion-implan
tation technology, the whole works 
have been shrunk down to two 
MOS integrated circuit chips, 
meaning lower power draw and 
more dependability. One of the 
chips is the largest MOS read-only 
memory presently in existence, 
having 13,312 bits of memory 
storage, and yet it is only 200 mils 
square. 

North American Rockwell 
(Unicorn), Sears, Bowmar, and 
Lloyds, have come out with iden
tical calculators costing $190.00, 
$170.00, $180.00, $200.00 respec
tively. All four perform the func
tions of the HP-35 but none of them 
have scientific notation or polish 
notation. Considering that the SR-
50 costs less than or equal to all of 
them it appears that the above 
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new HP-65 at a trade show in 
Chicago. It looks just like the HP-
45 but instead of having a yellow 
key, the HP-65 has a yellow and a 
blue key allowing each key to per
form three different functions. 
Small magnetic cards are drawn 
into the calculator by a small one 
ounce motor. Programs up to one 
hundred steps can be stored on 
these cards for future use. A small 
library of preprogrammed cards are 
also available for standard 
engineering problems. At a price of 
$795 and considering it's pocket 
sized, it should compete well 
against the programmable Com
pucorp model that isn't pocket 
sized. 

Due to the energy crisis, plastic 
has been in short supply and many 
manufacturers have been having 
trouble keeping supplies stocked for 
making calculators. In fact, Hew
lett-Packard had to switch their 
HP-45 production line over to a 
different plastic this fall. 

And for those of you that have 
more than a couple of thousand dol
lars burning a hole in your pocket, 
you can now buy a desk sized 
(typewriter sized), calculator that is 
programmable in standard BASIC 
programrning language. What 
makes these little computers better 
than working with a large model is 
that all the programs and compilers 
are hardwired in the integrated cir
cuits. This means that you can do 
large matrix inverses in a smaller 
amount of time than it takes the 
big computer to do them. Also, 
because these machines use stan
dard BASIC, it means you can have 
subscripted and string variables. 

If you don't feel in the mood to 
program you can use these new 
computers just as you would a 
calculator. 

It was just five years ago that the 
HP-45 was the size of a typewriter 
and cost several thousand dollars. 
Hopefully the same thing will hap
pen in the next five years with the 
new BASIC programmable com
puters. 

S. 827-5304 

331-6864 
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ho kee s a level headw 
Dictionaries define hurdling as jumping over a hurdle in a race. 

Obviously, Webster never made the track team. 
"A good hurdler never jumps," the experts tell us. "He tries 

to duplicate the movements of sprinting. The head stays level. 
It's never higher over the hurdle than it is between them." 

A level head helps overcome any obstacle. Take bearing problems. 
They're best approached by a person with training, determination 

and the ability to think things through. 
Are you such a person? When you run up against a tough problem, are you 

able to take it in stride? And do you like the excitement of rugged 
competition, and the rewards that come from winning? 

Then write The Timk~n Company, Canton, Ohio 44706. Ask our Manager of College 
Relations to give you a tryout. Ask him about our policy of promotion from within. 

And while you're at it, ask him to tell you about our continuing 
expansion and modernization program. 

Timken® bearings 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). 

REGISTERED TRADEMARK 

THE TIMKEN COMPANY MANUFACTURES TAPERED ROLlER BEARINGS, SPECIAlTY AllOY STEEL AND REMOVABlE ROCK BITS. 



An Equal Opportunity Employer M/F 
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Application Analyst 

Check-out Engineer 

Manufacturing Engineer 

Customer Engineer 

Industrial Engineer 

Systems Design Engineer 

Systems Test Engineer 

Technical Writer 

Quality Assurance Engineer 

F r 
imm 
Please Contact 

lel·e, 
te information: 

Control Data Corporation 
College Relations Department 
Box 0 
Minneapolis. Minn. 55440 



If you're an engineering student and believe in yourself and 
your ability ... you could be one of those who will walk 
through the Monsanto doors into a lasting and rewarding 
career. Soon. There's no better road to a successful future. 

Monsanto operates in a very competitive field. We need 
innovative engineers to help us stay ahead of that competition. 

There are openings at Monsanto for graduates in all fields of 
engineering who are just approaching their life's work. What 
you need most with your degree is a firm idea of what you 
want to do with your life and your willingness to work for it. Hard. 

If you think your credentials and goals are in tune with our 
needs; if you've got a career in mind and the motivation to 
achieve-we invite you to look at our company. You could 
start something that will last a long time. 

Write to George C. Crook, Manager, University Relations 
and Professional Recruiting, Corporate Personnel Dept., 
800 North Lindbergh Boulevard, St. Louis, Mo. 63166. 

An equal opportunity employer. 



had almost despaired of 
saving the big male dolphin, 

who thrashed panic-stricken in the 
shallows. He had flung himself far 
past the low-tide line toward the 
dry land, and now, under the hot 
morning sun, the tide ebbed 
rapidly. I struggled to swing his tail 
around and push him to open 
water, but already the water was so 
shallow that I feared I'd never be 
able to drag him across the jagged 
coral without it slashing open his 
belly. As the dolphin whistled his 
fear and pain, I caught repeated 
mention of some awful danger, a 
signal akin to the three short 
whistles for ~~Shark!", but subtly 
different. 

Suddenly a pair of heavy sea 
boots splashed in the water beside 
me, and two powerful arms grabbed 
the suffering creature forward of 
the dorsal fin and lifted him nearly 
out of the water. I had no time to 
stare at the burly, blackbearded 
giant in seaman's clothes. He 
showed little effort at carrying most 
of the dolphin's 350 pounds, but I 
stumbled along keeping the 
dolphin's tail from dragging. 

When we reached sufficient 
depth, the newcomer gently eased 
down his burden, but still kept 
restraining arms on the confused 
mammal. I pulled out a dolphin
pipe and whistled assurances to 
calm the cetacean. Finally he 
quieted, and after an exchange of 
every-day pleasantries to help him 
forget his trauma, I encouraged 
him to seek the open sea. 

~~Thank you. If you hadn't come 
along, the dolphin would have been 
stranded ashore to suffer death by 
dehydration." 

~~Aye. Glad to help. But I didn't 
happen here by accident. I'm Harl 
Hobart. I came over to Fayal Island 
from Ponta Delgada to hire you as 
sea-speaker. The European Ship
ping Combine has commissioned me 
to establish trade routes to the New 
Mayan States. They've given me 
command of a fine ship, and I'm 
sparing no expense to outfit her 
over at Sao Miguel Island. It's my 
own idea to bring you on this 
voyage, but the Combine will pay 
double your fee. Short notice, 
y'know. We sail on the tide." 

So this was the famous Black 
Hobart, Terror of Shipping, and 
Wolf of the Coasts! The only man to 
make modern piracy profitable, he 
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used guile and subversion besides 
bold seamanship. 

The current rumor in the Azores 
Islands was proven true: that the 
Shipping Combine had finally 
bought him off with money and a 
high position. His smooth good 
manners now, and casual, last
minute invitation did nothing to al
lay my doubts. 

I'd worked with the Combine 
before, though, and their money 
was good. I sometimes declined of
fers by this organization, and sailed 
instead with local fishermen; much 
less rewarding financially, but af
fording opportunities to study and 
improve my skills. 

I suppose that eventually sea
speaking will become a big 
business, with professional 
societies, and licenses to limit mem
bership, but right now no more 
than a dozen Europeans possess 
this highly-prized talent. 

Sea-speaking requires natural 
talent and, early in life, self
discipline and training to develop 
it. The ability resembles clair
voyance or telepathy, an almost 
psychic empathy to sea creatures, 
and awareness of the whole eco
system of Earth's oceans. Essential 
also are sensitive hearing, perfect 
pitch, and linguistic experience. A 
sea-speaker knows the coming 
weather over a large area, pilots 
ships safely through treacherous 
waters, leads fishermen to good 
shoals of fish. Through a collection 
of sophisticated, unique pipes and 
whistles, a sea-speaker com
municates with the intelligent 
marine mammals, obtains their 
cooperation, listens to their news, 
and benefits both human and 
cetaceaen races. 

I'd taken no long voyages lately, 
and only visited America once. 

''I'm your man, Captain Hobart." 
"Good. Good, my boy," the Cap

tain beamed, pumping my arm 
vigorously. "Will you aboard now?" 

nYour ship will pass offshore 
here, outward bound, will it not, 

. ?" s1r. 
"Aye." Reservedly. 
''I'll board her then," I announced 

with finality. 
The captain looked puzzled, but 

grinned and strode down the beach. 
He had my services and could in
dulge my whim. 

The sharp volcanic peaks cast a 
cloak of dusk far out on the sea, 
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almost to the ship that gleamed in 
the last red rays of the setting sun. 
I could hear the excitement aboard 
when the waiting crew saw me 
emerge from the shadows, riding 
Roman-style on the backs of two 
great black orcas, rushing across 
the water like King Neptune him
self. It was no mean trick to 
balance on the slippery, plunging 
giants, steadying myself only by 
the tall, narrow dorsal fins. 
Barefoot, too; my sharkskin boots 
would scratch their skin, and were 
stowed with other equipment on my 
back. I never missed the oppor
tunity to make such a spectacular 
entrance; it enhanced my status 
with a new crew and added to the 
fabulous reputation enjoyed by sea
speakers. The two killer-whales 
welcomed the chance to show off 
when I explained what a sensation 
our appearance would cause. The or
cas put their heads out of the water 
and whistled to the men lining the 
rail, then departed. 

The captain and his officers 
greeted me on deck. All sea-faring 
nations and more seemed represen
ted in the crew. The over-large, 
hundred-man crew looked more ac
customed to cutlass and gunnery 
work than fishing or coasting. 

The ship, ''Zigeuner," of Han
seatic registry, measured 250 feet 
stem to stern; grossed about 1200 
tons. An old ship, she'd been de
signed as a short-sea trader in the 
last ship-building days of the late 
Twentieth -Century. The engine and 
machinery aft, bridge amidships 
between the two cargo holds, much 
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as originally designed in a richer 
time, but modification of the cargo 
masts to carry fore-and-aft sails 
suggested frequent engine, or as of
ten occurred nowadays, the faulty, 
worn-out engine consumed all its 
scarce fuel. ''Zigeuner" cruised at 
12 knots, and under sail achieved 
all of 4 knots. I wondered if the cap
tain expected me to call whales to 
tow us when becalmed. 

Next morning I found the crew 
efficiently practicing gun drill on a 
massive deck-mounted 3-incher, 
and Hotchkiss quick-firers atop 
forecastle and fantail, besides 
several heavy machine guns. It was 
time to ascertain why a trading 
ship carried heavier armament 
than any vessel afloat. 

I burst into Captain Hobart's 
cabin to find him conferring with 
his first officer and a lovely, dark
haired young woman. Her or
namental jade nose-plugs showed 
her high position in the Sun 
Priesthood at the restored city of 
Chichen Itza. She met my bold 
stare with a steady evaluating 
gaze. 

Captain Hobart anticipated my 
questions and indicated a chair. 

"Recently a large number of ships 
have gone missing in the Atlantic. 
The latest disappearance was a 
grain ship from New Orleans. It's 
loss two days ago followed the stan
dard pattern: garbled and frantic 
radio transmission, then silence, 
and no trace of survivors or 
wreckage to searching ships. The 
Combine sent me these guns 
to . . . ah, neutralize the menace 

to navigation. 
"However, my sources of infor

mation convince me there's no 
piracy involved. I've my own 
theory, which is why I invited you 
and Senorita Teomec." The Mayan 
smiled at rne in acknowledgement. 

''You've no doubt heard of the so
called Bermuda Triangle, where 
literally hundreds of ships whose 
courses crossed this area have 
disappeared. Even the U.S. Navy 
recognized the undefined menace 
that sailors called "Hoodoo Sea", 
and advised its mightiest vessels to 
steer clear. The loss of many air
planes during good flying weather 
was even more shocking and 
frightening. 

''I believe the passage of men and 
ships triggers some unknown 
process, a vortex, or time-space 
anomaly. I would simply recom
mend that shipping avoid the area, 
but this phenomenon, whether 
geologic or atmospheric, is rapidly 
spreading to cover the whole 
ocean." 

Teomec interrupted, a fierce light 
in her dark eyes. 

"It is the wrath of the demon-god 
Qrutlx! He slept deep under the sea 
floor since the defeat of chaos. Then 
the thoughts of multitudes of men 
crossing the sea awakened him. 
Qrutlx is lord of sea and air, and 
the Enemy of all Life; when he 
stretches out his hand, the 
elements tremble! When He walks 
from His cave under the ocean bot
toms even the great god Kukulkan, 
and white-skulled Ah-pech flee 
before him!" 

Great, a fruitcake captain and a 
fanatic pagan Sun-priestess. 

Hobart could read my skepticism. 
"Don't you remember how we met 

yesterday, only hours after the 
grain ship disappearance? I've 
talked to other sea -speakers who 
wondered why healthy whales and 
porpoises throw themselves on 
shore." 

''Yes, that behavior is often ob
served. The dolphin we rescued 
kept squeaking an unfamiliar 
phrase, like "Ravener", or 
"Destroyer". If he heard the ter
rified cries of dolphins far across 
the sea he might have been driven 
to hysteria. He was so afraid that 
he tried to escape from the sea it
self." I realized what I was saying, 
and stopped. 

For many days I only saw the 
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Captain when I visited the bridge 
to watch our slow progress across 
the chart table. Teomec stayed in 
her Cabin. I spent most of my time 
talking with the hands or listening 
to the operatic gossip of distant 
humpback whales. Twice the ship 
changed course to avoid fouling the 
propellor in mile-wide rafts of 
plastic and oil sludge, reminders of 
the filth and corruption that almost 
murdered Earth's oceans in the 
Twentieth Century. 

At night eerie bands of 
phosphorescence flickered across 
the rolling waves. During one 
graveyard watch, terrified seamen 
swore by all the saints how a spec
tral ship followed our wake, then 
vanished in the mists. Ghost ship or 
bad omen, to bolster confidence, the 
captain ordered the guns manned 
and ready during all watches. The 
ship's isolation weighed heavy on 
our minds, alone on a sea more 
deserted today than in the early 
colonization times. 

I felt the tension when I came on 
deck one afternoon. Crewmen 
loitered nervously on deck; Captain 
Hobart paced about the ship 
double-checking all machinery, 
rigging and armaments; Teomec 
gripped the rail, staring out to sea 
as if her gaze could pierce the dep
ths. I heard only the most distant 
sea-mammals, and these sounded 
frightened. 

Then I looked up and saw the 
awful change in sky and sea. The 
waters lost all motion, turning pale 
and glassy. An air of oppression set
tled from the leaden sky. The 
propellor thrashed ineffectually and 
the ship lost all headway, as though 
trapped in a deep basin, trying to 
climb impossibly steep sides. While 
we waited in terrified expectancy, a 
gun crew fired a few rounds into 
the air. How could bullets stop a 
peril that approached from all 
points of the compass? 

Before the process came to a 
climax, Teomec reached inside a 
leather bag, and, shouting several 
words of an unintelligible language, 
scattered a handful of green powder 
toward the lowering sky. 

Instantly, the Presence 
hestitated, and the alien condition 
dissolved back to the familiar 
tropical sea of gentle waves under a 
warm sun. 

Two days later we hove to and 
anchored at Teomec's command in 
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the shallow clear green water of the 
Bahamas. Captain Hobart 
requested that I summon several 
porpoises. The crew opened deck 
lockers and produced three com
plete sets of SCUBA equipment. 
They attached an air cylinder to a 
cumbersome, hand-cranked air 
compressor and began charging the 
bottles. The captain inspected air 
gauges and hoses, while Teomec 
loaded strange powders into a pres
surized marker-dye bomb. I felt 
some misgivings, since SCUBA 
gear is today worth a king's ran
som, and I had little experience. 

Teomec, Hobart, and I rode in the 
whaleboat manned by six heavily
armed crewmen toward a distant 
reef where the waves foamed. Far 
ahead I saw a deep blue patch in 
the otherwise light green sea. The 
four porpoises gliding alongside 
showed agitation, and voiced their 
disapproval as we drew near this 
place. 

All hands kept a hushed silence 
as we stopped over the submarine 
pit; I recognized the formation as 
Bahaman ~'blue hole." 

Teomec dropped into the water, 
holding her mask tight with one 
hand, a marker bomb clutched in 
the other. Hobart and I followed. 
Once submerged, I gave directions 
to the circling porpoises to main
tain shark patrol and rescue us if 
necessary. 

We swam downward, our only 
light a waterproof torch, pitifully 
inadequate. Crumbling, eroded 
limestone made up the jagged walls 
of the cavern, which seemed to drop 

hundreds of fathoms into the abyss. 
Side corridors and tunnels twisted 
away, extending for great distances 
through the spongy rock. They 
seemed to underlie the whole ocean 
floor. 

Teomec examined these passages 
carefully, then led the way down a 
wide-mouthed gallery. A hundred 
yards along this tunnel, the rough 
limestone became smooth and 
regular. Vitrified by great heat, the 
walls bore a strange style of bas
relief, dim with age but still depic
ting unfamiliar scenes and 
creatures. What forgotten hands 
carved on the rock a million years 
past before the sea covered it? 

A shimmering swept through the 
water, like light shining through 
the fabric of existence from another 
universe. Teomec frantically 
gestured that we turn back, then 
hurled the marker bomb into the 
boiling darkness. A tumult rushed 
through the submerged tunnel, buf
feting us against the walls, and I 
lost consciousness. 

Gentle souls that they are, por
poises are braver than men. Ours 
dragged us from the chaos erupting 
below, held our limp forms under
water for decompression allowance 
and returned us to the whaleboat. 
Teomec assures me vigilance will 
keep the menace in check, and I 
hope for a new era in the sea for 
man and whale. 

But Harl Hobart, I think, turned 
once to see the face of Qrutlx. He 
bought a Spanish farm far inland, 
and they say he stays indoors when 
the wind blows from the sea. 
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My job was simple - catch a 
thief. There was one problem: 
the thief was a member of a 
good-will mission from the 
planet N anar, and my job was 
to prevent anyone from inter
rogating the N anarese. 

by Nathan A. Bucklin 

M y father was the strolling 
p1ano player in the Skyport 

lounge, and he taught me 
everything he knew about free fall. 
It wasn't enough - even after a 
lifetime of practice. After my fifth 
failed attempt at pacing the floor in 
magnetic boots, I gave up and lay 
back to think. 

How. The question had been 
beating at me for two weeks. In 
three hours the N anarese ship 
Cymbal would be docking; aboard 
it would be the stolen N anarese 
royal tarnstones. My job: Find the 
stones. While I'm at it, detain the 
thief. And by the way, do absolutely 
nothing to invade the privacy or af
front the dignity of the eight 
Nanarese Ambassadors for Friend
ship. How. And knowing that my 
career would go out the window if I 
failed didn't help matters one bit. 

The last time I'd been in any 
danger of anything had been thirty 
years previously. Somehow, I'd got
ten away with all but three of my 
fingers. This time, I might have no 
way out at all; if I was fired at this 
space station, I'd be washed up at 
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all of them. And Earth's gravity 
would kill me. 

The visiscreen rang again. I 
tapped the· button with my right 
hand - my good one - and waited 
for the connection. I didn't bother 
saying ''Stubs Corning's office" or 
anything like that; people knew me, 
or they didn't call. But it was Mont
petit, anyway. Nothing does any 
good with him. "We've got a lead, 
Stubs," he began. Good. A lead. 
What good does any lead do me, un
til my superiors untie my hands? "I 
know what you're thinking, but 
this one's good. Remember the list 
of qualifications we drew up for the 
thief?" 

"Sure," I said disgustedly. 
"Native Terran, fluent in the chief 
N anarese language but without the 
native sense of honor; has to be left
handed, have perfect pitch and 
otherwise be able to imitate a 
Nanarese. And when you tried to 
make up a list of Terrans who fit 
that description who had ever set 
foot on Nanar, you found out there 
weren't any. What else is new?" 

"Stubs, Stubs," said Montpetit. I 

think Monty would be easier to 
take if he didn't sound so tired all 
the time! But then, living under a 
full gee's pull must do that to you. I 
suppose I'll never know. "There are 
Terrans with N anarese facial 
characteristics." 

''And most of them are on reser
vations and have never seen a 
space ship in their lives," I shot 
back. "And the resemblance isn't 
that close. Monty, can't you stop 
rehashing old ground and use your 
head?" 

"I have no intention of wasting 
Sky Control's time or yours," said 
Montpetit imperturbably. "We 
finally found one. Kenneth Green, 
male, 26. Mixed ancestry. Enjoyed a 
brief success as child recording star 
20 years ago, dropped out of sight 
completely two years later. His 
parents gave him up for lost, and 
both died within two years after 
that. However, a newsman in the 
department thinks he's traced 
Kenny to a flight bound for Nanar." 

It did ring a bell, at that. Hell, I 
had three of Kenny's albums on the 
communal record shelf. "I remem
ber Green," I said. ''How did you 
reach the conclusion he's our man?" 

"We didn't," Montpetit corrected 
me. "But it's the only lead we've 
got. At the time, Kenny's father's 
alcoholism and Kenny's nightmares 
were hot copy. Kenny finally told 
the newspapers that his biggest 
ambition was to run away and 
never see his parents again." Monty 
paused - I knew it was just for a 
deep breath - Monty has lung 
trouble - but it irritated me. 
Everything Monty did irritated me, 
and he knew it. 

"You probably don't need much 
more detail," he concluded. "Ken
ny's career sort of folded; people 
who say un-American things like 
that don't stay popular very long. 
Kenny had enough clout of his own 
to pay people good money to shut 
up about where he'd gone and how. 
Specifically, nobody would tell what 
they knew until Kenny's parents 
were dead - and by then, nobody 
cared enough to ask." 

For a moment, I sympathized 
with Montpetit. Cold trails are no 
fun, and this one had a sorry story 
to it. Then I shoved the sympathy 
back where it belonged. Earth 
Customs has it easy - nothing can 
get to Port Chesapeake that hasn't 
been cleared by Skyport, which 
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means Skyport does all the work. 
"How did you get onto him?" I 
asked. I couldn't operate unitl I had 
some information. Any infor
mation. 

uwe nearly didn't," admitted 
Montpetit. 'There are still some 
Kenny Green fans; one of our men 
saw a left-handed Kenny Green 
model guitar in a store, and it 
stirred his memory. So we traced 
back from Anchorage, Alaska, clear 
to Baltimore. Records have one kid, 
eight years old, height and weight 
reasonably right, wrong color hair 

but brown eyes, and the dates 
match perfectly." 

''And the ship the kid was on 
stopped at Nanar." I made it a 
statement. 

''There you have it," said Monty. 
He spread his hands, face up. I hate 
it when people do that. "I wish I 
had fingerprints, but -" He didn't 
finish. 

''Send them up when they come 
in," I told him. (I wish I had finger
prints too, fella! And some spare 
fingers wouldn't hurt ... ) Finger
prints were always available, ac-
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tually - Monty meant he'd 
delivered the information to me 
before the prints had arrived. For 
that much, I was grateful. Two 
hours until the Cymbal came in. 
Two hours to set a trap. And three 
hours maximum to make it work. 

We finally signed off. I could have 
left my office and gone sailing 
around the station; nothing 
refreshes me more than a good view 
of outer space, and the lounge 
brings back pleasant memories. But 
time didn't permit. I pushed my 
door open, one-handed, so I could at 

least look down the corridor at the 
rotating rim; then I shut it again 
and went to my desk to start 
writing down ideas. 

For starters: assume Kenny is 
the thief; how would he be recog
nizable among the passengers and 
crew? 

Forget the crew. N anar allowed 
nobody to be employed on a 
spaceship who had not been born in 
the Kingstate's capital prov1nce; 
Kenny could never have forged the 
royal seal on the local birth cer
tificate. Besides, Kenny's per-

sonality was likely to be too un
stable to pass a crewman's 
stringent personality tests. 

Passengers - not much better. I 
looked at the list on my desk again. 
Forty-six returning American and 
Canadian tourists - scratch them! 
No, there was one male the right 
age and weight; and Kenny had 
dyed his hair before, he could do it 
again. But his eyes were blue. Or 
did he have some new high-powered 
contact lenses? I pulled his retinal 
pattern from the files, just in case. 

Seven N anarese immigrants - I 
still couldn't figure out the odd one, 
a female, but the rest were plain 
enough: three young couples passed 
by the Colonial Board, guaranteed 
fertile. I thought that crossed out 
Kenny; last I'd heard, Nanarese
Terran fertility was still in 
question. But the descriptions 
weren't right anyway. 

Now, the prime suspects. 
My list had the N anarese Ambas

sadors for Friendship listed by in
strument, not by name. I'd studied 
the instruments for hours, tryirtg to 
figure out which Kenny was likely 
to play. Two dragonets, bass and 
tenor; a wood-violinist; a percus
sionist (drummer if you want - but 
they don't look like drums, and the 
gonglike and loglike accessories 
around his or her head are every bit 
as important); a harpist; a guitarist 
and an organist - both concessions 
to the musical tastes of Terran 
listeners, save that middle C on the 
organ was tuned a quarter step flat, 
and every other note on organ and 
other instruments was tuned to 
match; and a vocalist. Every single 
one raised with a strong sense of 
honor and privacy - unless one 
was Kenny - and every single one 
under Nanarese diplomatic im
munity. 

Back to the passengers. Could 
Kenny be the single female? 
Nobody on Earth had seen or heard 
him since his voice had changed; 
had it? Nanarese didn't go in for 
sex change operations, did they? All 
of a sudden I had something to 
leave the room about; but Gary 
Ryan came in from the teletype of
fice before I'd gotten to my feet. 
. He offered me an envelope. I took 

it and said nothing. It's your prints, 
sir," Gary blurted. He's afraid of 
me. Sensible of him. ''Fingerprints 
and eyeprints for Kenny Green. No 
overlap with passengers on Cym-
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hal's last outgoing trip; 
Chesapeake's already checked." He 
ran out of wind. I tried to meet his 
eyes, but he was staring at the 
floor. 

((Ryan," I said, ((I want you to find 
out everything you can about sex 
change operations on N anar. And 
don't interrupt me again until you 
have the information." 

HBut I already know," he said, 
startled. ((It's in there. Blurring of 
sex lines taboo in some cultures; 
plastic surgery as advanced as 
Earth's but limited strictly to 
repair of accidental damage or 
mutilation. Cosmetic and psy
chologically therapeutic surgery 
is unheard of and technically il
legal." 

Repair of accidental damage . . . 
(Thank you, Ryan," I said. ((You 

may go." But he remained, staring 
at me now instead of the floor. 

"Sir," he got out, ((it's Kenny 
Green, isn't it?" 

HWe don't know," I told him. ((Get 
out." 

He stayed. HSir, Montpetit told 
me to make sure you opened that 
envelope." 

HDamn Montpetit!" I roared. 
((Get out and let me work!" 

He got. For a second I thought he 
was going to lift both his feet off 
the floor, but he didn't. 

So I opened the envelope. What 
did you expect me to do? There are 
some things I refuse to do with 
anybody watching. And there was 
information inside: Kenny Green's 
fingerprints and retina prints, 
suitable framed and centered for 
placement in the ((blink machine" 
(used for comparing retinals of the 
same people at different times, to 
guard against impersonations). And 
a photostated encyclopedia article. 

One hour until arrival time of the 
Cymbal. Something in that en
velope would have to tell me what 
kind of trap to set. 

What did we know about the 
Nanarese? 

The article appeared to be a pre
print - and the information con
tained did appear to be new; was it 
from next year's Britannica or 
something similar? But the only 
relevant paragraph was the one 
that talked about miscegenation. 

nNow that over a hundred 
N anarese-Terran marriages have 
been contracted, it is estimated that 
at least 16 percent of them are in-
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terfertile, with a slightly higher 
percentage of successful pregnan
cies when the mother is N anarese 
with a Terran husband, slightly 
lower when the mother is Terran 
with a Nanarese husband." 

So, fertility tests or not, I still 
had to suspect that one of the three 
N anarese husbands might be 
Green. 

Half an hour until arrival of the 
Cymbal. I decided to stretch my 
legs and see if a change of scene 
helped clear my head. 

The lounge was dark and 

crowded. A constellation that may 
have been Canis Minor was roughly 
centered in the biggest viewscreen; 
several tall, dark -skinned Procyon 
colonials clustered around it and 
tried to pick out home. The small 
piano lay at the end of its track 
with a strap across the keys, 
meaning that Balzarotti was asleep; 
he couldn't work around the clock 
the way many of us were expected 
to. (A job's a job, but you can push 
real talent only so far - they'd 
learned that pushing my father.) 
Most of the seated people were in 

near darkness; the waiters were 
used to it, and it gave a better view 
of the stars. Somehow I spotted 
Karen Bowes, the station's general 
manager, and maneuvered toward 
her through the closely-packed oc
cupied tables. 

ni want us to do something 
drastic, Bowes," I said. (1 think I've 
got the answer." 

(Tll believe it when I see it," she 
said. Curt. Sane. ((What do we do?" 

HWe throw a live broadcast of the 
Nanarese," I said. ((From here. 
Clear out the partitions in the Hub 

so we've got an auditorium." 
"What if they're not willing?" 

Bowes asked. 
I noticed out of the corner of my 

eye that Hyan was tending bar. 
That settled it - bartenders up 
here were off-duty workers, Ryan's 
mixed drinks were terrible, and I 
didn't want to talk to him enough 
to ask him for one. I thought sobor 
thoughts abd looked back at Bowes. 
('They will be. That was part of the 
deal. Once they're under Earth 
jurisdiction they play according to 
our schedule, in our choice of cities. 
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The Earth government did give 
them a suggested schedule, and the 
Kingstate did the same for the Ter
rachoir on Nanar; but that was a 
courtesy only. Give them an hour's 
warning, and they'll be ready to go. 
And I can spend that hour proving 
to you that the thief is one of the 
jnanarese." 

nYou may be right, Corning," 
said Bowes, ('but I'm in charge and 
I don't make deals. Prove it to me 
first. If I take action against the 
Nanarese at any point without 
proof, I'll lose my command." 

I'd risen halfway to my feet 
without knowing it. I strained to 
keep my voice low as I said, ''Make 
it my decision. Say you knew 
nothing about it. Help throw the 
book at me, if you want. But you 
know I don't make mistakes often, 
and you know I can't go back 
Earthside. So you can assume that 
I'm not risking anything." 

She capitulated instantly. Bowe·s 
never does that - knowing that I 
can't live in a gravity of more than 
.4 Earth never made a difference to 
her before. I think it had just 
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dawned on her that maybe I knew 
more about this problem than she 
did.''We'll do it, then. Shall I start 
informing the passengers?" 

"No," I said roughly. Then I gen
tled. "Wait until the Procyon liner 
leaves; I don't want any of that 
bunch jumping ship to hear the con
cert. Then go ahead. But whatever 
else you do, send someone down to 
turn off Balzarotti's alarm clock." 
She looked startled. I finished 
anyway: ''This room is going to 
have no use at all for music for a 
number of hours yet." 

Most of the instruments were 
electrified. I'd been told to expect 
that, and the instruments were 
already adapted to 110 volt AC cur
rent, so the power cords on hand 
would suffice. Only two of the 
N anarese spoke English; the drum
mer - female - and the harpist, 
whose grammar was pure 
Nanarese, turning the vocabulary 
of English into a language more 
foreign than any I'd ever heard. 
The organist and second 
dragonetist were female as well; 
that left four conceivable suspects 

out of the eight. 
I searched the four faces for 

anything that would remind me of 
the child Kenny whose pictures I'd 
seen. It was no use - all four faces 
reminded me. Kenny was one 
eighth Indian and one eighth 
Eskimo, selective breeding couldn'to 
have produced a better imitation 
Nanarese face, and Nanarese all 
look alike to me. Others who had 
been Kenny Green fans were 
looking for resemblances; even so, 
there was confusion. Karen Bowes 
swore that the first dragonetist was 
him, and wanted to arrest him on 
the spot; Ryan swore it was the 
guitarist ("Assume he had plastic 
surgery on his nose just before he 
left Earth, wouldn't he look just 
like that?"). Personally, I saw more 
resemblance in the wood-violinist, 
whose pressing hand (his right) 
seemed to be held in a guitar style, 
with almost no adjustment for the 
wood violin's rounder neck and lack 
of frets. But there was plenty of 
room to doubt. 

Green had played steel guitar 
and lap guitar on one of his albums, 
hadn't he? But no, I had no pictures 
that would show his hand position. 
Besides, the wood-violinist would 
never hold still long enough for a 
comparison check and I was really 
busy - coordinating a searching 
party, telling them what I knew of 
the interior design of a N anarese 
passenger ship, trying to reassure 
the nervous little lapidary whose 
job it was to verify the tarnstones' 
authenticity, trying to stall off 
Montpetit (who did call and just 
couldn't understand that I lacked 
time to talk to him), and trying to 
keep an eye on eight Nanarese 
musicians to make sure one didn't 
run back to his or her room for a 
forgotten gong or some such. 

The littlest thing was the routine 
with the fresh retinal prints. Mont
petit had called about that 
specifically, which was stupid - if 
there was one procedure everyone 
knew, that was it. We did get some 
welcome help from Balzarotti, who 
woke up in time to calm outraged 
passengers with a suave skill only a 
professional entertainer could have; 
and it was to his credit that he 
refrained from disagreeing with one 
passenger who referred to a 
dragonet as ((that damned loud 
ceramic horn" - I would have 
slapped the guy, myself, but I was 
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too busy. But Balzarotti was right : 
eye checks and concerts are two 
separate topics, and we shouldn't 
let them interfere. 

I went back to the hub 
nauditorium" to check on the 
N anarese. It was already half full. 
''What's this :rizka singing?" A pas
senger was grabbing at me. Born 
and raised in free fall though I was, 
he almost knocked me off balance. 
''Can't somebody tell me what this 
:rizka singing is?" 

I looked. Program books! Yet 
there was no sense in not putting 
the secretarial staff to work - and 
what else could they do? It was an 
obvious rush job, at that; and the 
reference to rizka was confusing. 

nit is the custom among 
Nanarese musicians," I explained 
quickly, ''that during an excep
tionally successful concert, the 
music will build to a suspenseful 
point and stop. Then the vocalist -
sometimes a dragonetist, but 
usually a vocalist - just cuts loose 
and sings, with no instruments at 
all. After four or five minutes, 
everybody comes back in. That's all 
rizka singing is - solo singing." 

"Oh," said the passenger 
bemusedly. I must have sounded 
like a nervous wreck. Hell, I was 
one. "Thank you." Now he was 
staring at my left hand. I muttered 
something and stumbled off to 
check the power supply. 

"What - why -" Karen Bowes 
was asking me when I got there. 
The N anarese had most of their in
struments plugged in and 
operating; the drummer's free-fall 
rig was completely assembled, and 
she was sitting behind it looking of
ficial. But I rushed right past her, 
checking what instrument and 
what amplifier had been plugged 
into what, which cord ran where, 
rearranging and changing a few 
things. "Stubs Corning, you owe me 
an explanation!" She could wait. 

The drummer got up and moved 
toward me, obviously annoyed. I'd 
had her pegged as leader; maybe it 
was her grasp of English. But I 
stopped, both hands on a cord, and 
waited. She saw my left hand, 
gasped, and was instantly almost in 
tears - turned around and sat 
down amid her instruments. I wa.__ 
genuinely sorry, especially knowing 
how Nanarese feel about musically 
deprived people; but I couldn't help 
it. Getting the cords straightened 
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out was of highest priority. 

Passengers off the five ships 
docked at Skyport were wandering 
in, confused, bored, restless, 
inquisitive - but all of them 
waiting. So was I. It wouldn't be 
long now. 

Then there were last minute ih
structions to the searching party, 
with Balzarotti translating; I am 
rarely excited, but this time I was 
almost unable to control my own 
words. The lapidary, who had been 
bad enough before, was now jum
pier than I was; Bowes had insisted 
that the tarnstones be left in place 
until positively identified, and the 
lapidary was terrified of being 
caught trespassing on the N anarftse 
ship. One of my inspectors, tiring of 
the nonsense, pulled a 
spacesickness bag from a wall com
partment, tote two eyeholes in it, 
and pulled it down over the 
lapidary's head; believe it or not, 
that calmed him down. What a cir
cus! Then I slipped back into the 
auditorium, to a position 
"backstage" by a wall outlet. 

All I could do now was to wait. 
As for the concert, it was mag

nificient. It was visually impressive 
- even from the rear. The crowd, 
however, was half-dead; I ignored 
them, and was grateful to them for 
being easy to ignore. The guitarist 
was superb, easily good enough to 
have been Kenny Green with 18 
years more practice; yet the drum
mer had told Bowes that the 
guitarist was a wood-violinist, 
selected for guitar training only 
three years ago when the decision 
to add Earth instruments to their 
schools was made. Had the wood
violin been camouflage? The 
organist was a genius; I can just 
begin to imagine the joy that a 
Nanarese born right-handed must 
feel at discovering an instrument 
made to benefit the right-hander. 
(Nanarese had adapted the guitar 
idea for lefties immediately, but 
had continued to make keyboard in
struments with the high notes at 
the right end, leaving their playing 
to the right-handed and the deter
mined.) And the interlocking of 
rhythmic ideas between her and the 
second dragonetist - her sister? -
was dynamite; records I've heard of 
Nanarese music don't touch it. My 
eyes kept roaming around the 
stage. Wood-violinist extremely 

competent at melodies, chords and 
percussion, but nothing brilliant. 
Hmmmmn1. Was that camouflage 
for a superb musician? And the har
pist, for all the similarities between 
the N anarese and Terran in
struments, was alien - a musician 
whose whole thought processes 
made me doubt any hint of common 
ancestry between N anarese and 
Terran homo sapiens. The vocal
ist-

The crowd was watching him, but 
the enthusiasm wasn't right, I 
could hear the music building up to 
a rizka, and that was fine with me; 
but it wasn't fine with the vocalist, 
who was being affected by the 
crowd. I could feel him working 
magic on their emotions, and their 
emotions resisting the spell; I could 
feel their homesickness, incipient 
spacesickness, love and hatred for 
free fall, but I couldn't feel their at
tention. And the best possible spot 
for a rizka was going to be within 
three or four measures; and I was 
deathly afraid that the vocalist 
wasn't going to do it. 

I looked down at the power 
sockets, and over to the amplifiers. 
They seerned powerful and far 
away. The black rubbery lines con
necting the two seemed imaginary; 
I let my eyes rove their length and 
back again. 

And slowly, deliberately, I ripped 
a fistful of power cords out of the 
wall. 

Karen Bowes' face turned white. 
But I saw it for only a second; she 
hid it in her hands and left it there. 

I'd say this for the vocalist: 
whatever his feelings, he went into 
a magnificient rizka. Perhaps the 
style was a little heavy on sliding 
notes, but the basic improvised 
melodies were excellent. Nothing 
interfered. with my appreciation; 
even the upset and angered faces of 
the organist and harpist, dependent 
on electricity more than anyone 
else, didn't interfere. The sure 
knowledge that there would be 
violence between the vocalist and 
the instrun1entalists unless I told 
him about the power failure didn't 
interfere. The realization that the 
vocalist's voice-amplifier plug was 
loose in the wall did interfere; I 
pushed it in tighter, so that the 
:rizka could continue. And as I 
did-

It all fit together. A blur of 
N anarese faces cascaded over me as 
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I pulled out the last cord and went 
forward to try to apprehend the 
criminal. Then there was chaos. 

Ten minutes later I was under ar
rest. Karen Bowes, frozen-faced, 
personally directed the police as 
they cuffed my hands and ankles. 
Even the excited lapidary with his 
spacesickness bag full of tarnstones 
was acting numbed; my office had 
never been so full, nor so quiet. I 
didn't change things. Oh, sure, I 
could have yelled ~This is all a big 
mistake!" But it was no mistake at 
all, so I kept quiet. 

I had conducted a search without 
warrant, illegal in America and on 
its artificial satellites; worse, I had 
violated Nanarese territory. What 
could I tell people? That I hadn't 
the evidence to conduct matters 
legally? Earth would also take a 
dim view of the implied breach of 
N anarese honor; N anar would 
know that I'd rectified a bigger 
breach by unmasking the thief, but 
Earth would throw the book at me. 
On top of that, there was violation 
of freedom of expression laws - un
plugging the cords - and possible 
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incitement to riot. The fussing 
hadn't lasted, true; but I'd started it 
by cutting off the rizka, and done 
nothing to stop it. 

There was a soft knock on my 
latchless door. Naturally, it opened. 
Nobody moved. The N anarese 
drummer - Virin, the program 
book said her name was - opened 
it and stepped through as delicately 
as anyone can wearing magnetic 
boots. She came toward me, almost 
up to my nose, straightened her feet 
and stopped. 

"Randall Corning," she said, ~(I 

want to thank you on behalf of all 
of us. You have uprooted the im
postor, you have restored our 
national treasures, and you have 
cleaned our honor." Archaic in their 
formality were her words, and they 
weren't phrased quite right. Yet, 
strangely, my knees were shaking. 
In zero gravity! 

She continued. ~'I have already 
placed a call," she said, "with your 
superior officer and with law en
forcement officials. According to 
John Montpetit your job has 
already been terminated." I knew 

it. "Your zeal in following orders 
has led you into the violation of so 
many laws that a minimum six 
month jail sentence appears 
unavoidable. I made a special call 
to Judge Granley Dickinson to see 
if medical reasons permit the incar
ceration of a Terran national on the 
moon rather than on Terra. He 
agreed with me that the cause of 
justice was not served by death sen
tences for minor crimes, and agreed 
that you shall be imprisoned on 
Luna if at all." 

She stopped. All eyes were on 
her, including mine. She'd thought 
of everything. Nothing could be 
left except a court trial, and I was 
sure I could handle that . . . 
'~What about Green?" I finally 

asked. It sounded inane, but it was 
the best I could do. 

"Probably the same," she said 
briefly. It seemed that she didn't 
want to talk about it; but I must 
have let my curiosity show, for she 
kept going. ''Nanar's punishment 
for crimes of honor is exile. Our 
code will be well served if the tarn
stones are returned and Green is 
left behind. Green is a popular hero 
on N anar, you know." 

I hadn't known. 
''Green pioneered the musical 

teaching of those few unfortunates 
without perfect pitch," Virin said. 
She was beginning to look upset -
or extremely involved with a pain
ful topic. '~He removed the stigma 
from many families. He pioneered 
in the construction of special right
handed instruments for our right
handed children, and showed that 
they were as musical as the rest of 
us. Out of those who were nearly 
tone-deaf, he trained hundreds of 
drummers. I - am such a one 
myself." 

If it was so hard for her to say 
that, why did she? But I found 
myself warming to the girl and her 
topic. She continued: 

''Green also campaigned for a law 
to allow the government to take full 
responsibility for corrective surgery 
for those maimed so that they can
not play musical instruments. The 
law passed; and the Nanarese am
bassador in Washington has per
sonally promised you the finest 
surgeons on our planet, and a full 
bank of compatible fingers to 
choose from. And my group and I 
will personally see to it that you get 
a right-handed version of any in-
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strument you want, for you to play 
when you get out of prison." 

My head was spinning; my ears 
heard only thunder. I felt a hand on 
my shoulder - Virin or Karen's? -
and gentle pressure laid me flat on 
the leaning wall behind my desk. 

''But what do we do with Green?" 
asked somebody - Karen Bowes, in 
her most precise and official tones, 
from across the room. My unseen 
helper had been Virin, then. 

HAttempted smuggling is a crime 
on Earth, is it not?" Virin's sharp
ness amazed me. Someday, I 
resolved, I would try to learn as 
much about her planet as she knew 
about ours. ''If you are determined 
to incarcerate him for the little he 
did you, Judge Dickinson says that 
the crime carries with it a usual 
punishment of six months. But that 
remains to be seen." 

"Corning," said Bowes. Not 
"Stubs" - never againl ''Did you 
know in advance what you'd find in 
the N anarese quarters on the 
Cymbal?" 

"No," I got out, opening my 
mouth and my eyes somehow. ''But 
I've been in training for customs 
ever since they found out that I 
couldn't go to Earth. And after 
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thirty years doing the same job, you 
can tell what's coming." 

''Then," asked Virin, all traces of 
speechmaking done, "how did you 
recognize our vocalist to be Kenny 
Green?" 

That I could explain. "Perfect 
pitch. There are a few Earthmen 
born who have it. I'm one. Kenny is 
another." She was looking at me, 
still puzzled. 

"The first thing a person with 
perfect pitch learns is a reference 
system. Two years after Dad found 
I had perfect pitch, I could sing any 
note on the scale, perfectly ac
curately. I could sing with his piano 
and be perfectly on key." All the 
eyes that had been on Virin were 
now on rne - and hers, damn it, 
and herst I shut my eyes to avoid 
meeting all the gazes, and con
tinued: 

"But I sang alone with a guitar 
player once. His instrument was 
tuned about a quarter of a tone flat, 
with every interval perfectly ac
curate, but instead of a C he had a 
note midway between a B and a C, 
and every other note o match. I 
could have died of shame - I kept 
trying to sing high, trying to go 
back to the reference points I was 
tuned to. The guitarist later told 
Dad that I was a nice little kid but 
my ear was shaky. Kenny Green, of 
course, spent most of his life on 
Nanar; but forced to :rizka, he even
tually let his voice go a quarter 
tone high, so he could sing in the 
scale he'd been taught in his 
childhood. When he did that, of 
course, I spotted him and realized 
he was a Terran." 

Nobody really understood but 
Virin. "I . . . seee," she breathed. 
"I would never have 
dreamed ... Randall Corning, 
you are a smart man and a brave 
one. I felt her come toward me 
again, and braced myself for the 
kiss I feared; but she turned around 
and went away again. I heard the 
door shut behind her. 

A week later I was on a shuttle 
for Luna Prison. The pilot had been 
warned to make his approach curve 
on easy one, and I had been doped 
up to prepare me for the high G's of 
the landing. But right now I was 
awake and energetic, and my cuffs 
chafed. 

''Green," I called to the prisoner 
across frorr1 me. The slanted brown 
eyes opened. "Kenny Green. Want 
to form a duet?" 



The Greeks would have been 
proud of the riddle posed by 
Onos. 

by Patrick Perkett 

T he amber, oxide vapor curled 
from the fumarole under the 

scanner carriage into the planet's 
unchanging grey skies, joining the 
thousands of other such gaseous 
stalagmites in the Polar Rift. 

A space-suited hand 
mechanically punched instructions 
into the scanner control console and 
was rewarded by the silent 
sweeping of the scanner antennae. 

Static flooded the helmet, "Any 
sign of him yet, Sal?" 

A single repeated tone- negative. 
Tony Schildin had been gone a 

long time - too long. 
Tony Schildin had created Onos. 

He had financed, designed, and had 
helped build the Onos extrater
restrial laboratory complex. Onos 
was his life, his home. His acute ob
session with the project had cost 
him dearly. In a frenzied attempt to 
neutralize an overload energy field, 
the motor neurons had been blasted 
from his unshielded arms, leaving 
him crippled. He had never regret
ted it. Nothing would stop him from 
making Onos a success - nothing. 

It was Tony who had discovered 
the presence of the Ameboids, as he 
called them; but not before seven of 
the fifteen handpicked scientists of 
the Onos project had been con
sumed. 

At that time they had just com
pleted construction of the final sec
tion of the complex. Selen had 
returned from a scheduled recon
naissance patrol from the interior 
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sector of the Rift, unknowingly car
rying an Ameboid passenger into 
the entrance lock of Subcomplex B. 
He lived long enough to place his 
oxide coated helmet on the chrome 
service rack. 

Those surviving would never 
forget his quivering, gasping, con
vulsing image on the view-screen. 
They had watched in frozen horror 
as his eyes burst and were sucked 
into their sockets, drawing flaps of 
the flesy membrane of his face, as 
his body imploded slowly. 

When subsequent attempts to 
contact the other six members of 
Subcomplex B failed, the multi-sec
tioned passage between Subcomplex 
A and Subcomplex B was destroyed, 
barring any chance of physicial con
tact with the unknown presence. 
The shining, domed structure 
seemed a fitting tomb for those who 
had toiled to build it. 

Further attempts by the 
Ameboids were repelled successful
ly. The attacks were unusually 
cyclic and were becoming more 
localized. The repairs to the Com
plex were becoming more massive 
with each cycle, necessitating can
cellation of the research schedules. 
The existence of Onos was 
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definitely threatened, but more im
portantly, Anthony Schildin was 
being threatened. The Ameboids 
needed Tony, and Tony needed 
Onos. 

Tony and his mobile unit had 
disappeared four Earth-cycles ago, 
and along with him, Selen's recon
naissance programs. 

There had been no attacks for 
four Earth -cycles and the mobile 
scanner had been operated for the 
same period in an atmosphere of 
empty hopelessness. There was a 
feeling of pressure, and a tenseness 
accompanying the need to know. 

Beep. Something on the Rift was 
moving. 

The scanner had stopped tracking 
and was now plotting the position 
of the object on the circular vector 
screen. A lone object was moving 
slowly in the general direction of 
the mobile scanner unit. 

An identification number flashed 
on the screen - UAI. It was Tony 
Schildin. 

The space-suited figure walked 
with mechanical stiffness through 
the Rift as though all conscious ef
fort was concentrated on walking. 

Sal watched for what seemed an 
eternity, transfixed to the spot as 
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the animated form lurched forward 
through the swirling vapors of the 
Rift toward the spot where he stood. 
The dragging, sliding feet stumbled 
over an outcropping a few feet in 
front of him. The hanging arms of
fered no help to the falling body. 

Sal reached to help Tony to his 
feet. An arm raised to meet his. 

Sal's eyes met those of a dead 
man - he knew, and was dead. 

Static filled Sal's helmet. They 
would never know. 

The bodies had been brought to 
Subcomplex A for last rites. There 
had been no more attacks on Onos; 
Tony had somehow seen to that. 
The remaining colleagues pledged 
their undying loyalty to the man 
who had given and sacrificed 
everything and in return had 
received nothing. 

Anthony Schildin had come 
home. 

Rippling motions began in An
thony Schildin's stomach and 
progressed up his chest to his neck, 
his throat bulging slightly as in 
swalling. His mouth opened wide as 
the first of many Ameboids crawled 
from within. 

The Greeks would have been 
proud. 
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by Paul Burtness 

ankind is faced with a tidal 
wave of data and information 

growing at an exponential rate, but 
there seems to be no way to turn it 
into knowledge. Someone should be 
taking a long range perspective but 
no one is looking further than 
tomorrow. There is a need for a way 
of doing things though nobody 
around seems to know how. 

Not that there haven't always 
been people with solutions. Worldly 
philosophers have proffered their 
systems; professors have filled jour
nals with their analyses. Usually 
problem solving comes down to the 
politician who has one eye on the 
problem and the other eye on the 
next election. 

But from the turmoil of infor
mation and ignorance a new sort of 
organization has evolved. Identified 
as research and development, policy 
research, or idea factory, this new 
organization is best described by its 
most popular name- "think tank". 

Think tanks utilize the methods 
of science but hold the traditional 
disciplines in disdain. Many of 
them go beyond theorizing and 
paper studies and do not hesitate to 
get their hands dirty implementing 
their ideas. Some have abandoned 
traditional roles as contract agen-
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cies or idea supermarkets and are 
becoming active, independent agen
cies of social change. They are all 
intent on integrating man's 
knowledge; they have the time for 
long range perspective; they profess 
to know how things can and should 
be done. 

Think tanks originated in the 
military, where the need for inter
disciplinary approaches to complex 
problems was first recognized and 
where the resources needed for such 
an approach could easily be made 
available. The RAND Corporation, 
perhaps the most well-known think 
tank, started out as the Research 
ANd Development agency of the 
Air Force. Think tanks are still 
playing war games and dreaming 
up new weapons systems but there 
are no limits to their in
vestigations; studying mind
altering chemicals, managing new 
health care delivery systems and 
probing the future are every-day 
activities in the realm of think tank 
operations. 
the resulting explosion of think 
tank organizations after World War 
II. Colleges and technical schools 
produced a flood of scientists and 
engineers, with many of these 
highly-trained individuals anxious 

to apply their techniques to 
problems in society. Also, govern
ment greatly expanded its role as 
the provider of social welfare and 
soon became a bounteous source of 
funds for social programs. 

Depending on how broad a 
definition of the term "think tank" 
is used, estimates of their number 
nationally varies from a few hun
dred to thousands. There are about 
75 attached to the federal govern
ment. Among thousands of non
profit organizations attached to in
dustries or universities, there are 
about 200 major ones like the Stan
ford Research Institute. Profit
making ventures that offer a team 
of brains to the highest bidder num
ber about 300. Then there are a few 
independent think tanks, like the 
Brookings Institution, that consider 
the public as their client and rely 
on their own resources or money 
from private foundations to conduct 
their research. 

The Twin Cities, an educational, 
political and economic center of the 
Midwest, is a natural breeding 
ground for this type of agency. 
Although none of the local think 
tanks are as prominent as the 
RAND Corporation or the Hudson 
Institute, several have national 
reputations. Four of these local in
stitutions illustrate the range of 
think tank styles and activities. 
Each is distinctive in its operation 
but through each runs the common 
thread of faith in man's ability to 
construct, if not a perfectly 
desirable, at least a better future 
for himself. 

Walter McClure leans back in a 
comfortably cushioned chair, puf
fing on one of the dozen or so pi pes 
cluttering the top of his desk, and 
looks out over downtown Min
neapolis from his twelfth floor of
fice. 

"Think tanks provide leisure, 
time to argue, time to read and get 
away frorr1 the problem. Most think 
tanks are products of the way 
government is structured. You see, 
there is a constant war between 
bureaucrats in various depart
ments. Once someone gets swept 
into that process, as most govern
ment people do, they have no time 
to think." 

McClure, who has a Ph.D. in 
physics, is a research associate for 
InterStudy's Health Services 
Research Center. InterStudy 
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specializes in analyzing and 
developing human services delivery 
systems such as health care, em
ployment and welfare. Perhaps the 
crowning achievement of Inter
Study and its president, Paul Ell
wood, has been the development of 
the health maintenance 
organization, a sophisticated group 
health plan that emphasizes 
keeping people healthy rather than 
simply treating them when they 
are sick. InterStudy has a staff of 
over 50 persons and an annual 
budget of about $1.5 million, mostly 
federal money. 

McClure stresses InterStudy's ac
tivist role as opposed to other think 
tank's advisory roles. "There are 
two parts of problem solving: you 
need a model of the future and a 
change strategy. Our distinction is 
that we work just as hard on the 
second problem." 

"The genesis of research in
stitutions like North Star was the 
need for solving industrial problems 
with an institution that had the 
prestige of a major University 
research staff. Universities don't 
like to do applied research, so 
North Star was a natural con
sequence of that unfilled need." 
Guy Miles, vice president of North 
Star Research and Development In
stitute, says. 

Housed in an unpretentious old 
brick schoolhouse in South Min
neapolis, the Institute was formed 
in 1963 by the University and the 
local business community to work 
on the problems of local institutions 
and attract more businesses to the 
Twin Cities. North Star has an an
nual budget of about $1.5 million 
and over 50 persons on its staff. 

North Star differs from other 
Twin Cities think tanks in that 
physical science research, in ad
dition to policy and management 
projects, is a significant portion of 
its work. Institute scientists have 
developed thin film polymers and 
are testing their use in desalinizing 
sea water, heart and lung machines 
and artificial kidneys. Other 
technological projects include high 
temperatqre capacitors, cold 
weather clothing, converting can
ning plant wastes into livestock 
feed and a reactor that converts hog 
manure into methane fuel and fer
tilizer. 

Developing educational programs 
for minority youths, minority 
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housing programs, rural transpor
tation systems and industrial plant 
siting criteria are some of the policy 
and management research that 
North Star conducts. 

Earl Joseph sits behind a 
crowded desk in a crowded office, 
modeled in the epitome of cost-ef
ficiency, taking a long-distance 
phone call, gathering information. 
Thick black rimmed glasses set off 
a crew cut and long sideburns. In 
his frequent speaking engagements 
he often refers to those glasses. 
((People sometimes call technology 
anti-humanistic. Yet, without these 
glasses, a piece of technology, I 
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couldn't live. And what could be 
more humanistic than a special set 
of glasses connected to a computer 
information system, through which 
I could have immediate access to 
most of the world's infor
mation .... " 

Joseph's job is to research the 
long range future - the time 15 to 
200 years from now - so that the 
Sperry Univac Corporation will 
know within what sort of social
political-economic context they will 
be building and marketing their 
future computer and information 
systems. Delphic probes, a 
systematic way of utilizing (expert 
opinion'; technology forecasting, or 
extrapolating present developments 
into the future; and scenarios, a 
sort of legitimized science fiction, 
are some of the tools used to in
vestigate the future. 

Impressing people with the 
urgency of becoming future-rather 
than past-oriented is also a major 
part of his job. 

'(I would compare our present 
situation to a blind-folded guy 
driving down a street at 70 miles 
per hour, steering by what he 
bumps into. Only it's too late to do 
anything about problems once 
we've bumped into them." 

((The central assumption of our 
work is that the future is optional. 
Citizens need to be literate about 
the future. They have to be active 
participants in developing desirable 

futures. They have to plan and 
design in terms of the future," 
Joseph says. 

Most think tanks can be iden
tified by a place, a permanent staff 
and a special affiliation or role. But 
some organizations exist with only 
a minimum of staff and have no 
long-term projects of their own. 
Rather, their role is to encourage 
community institutions and in
dividuals to develop their own 
programs, and then supply them 
with funds and skills. They are 
facilitators. 

John Borchert, director of the 
University's Center for Urban and 

s are active, 
encies of social 

Regional Affairs (CURA), is 
hesitant to use that term and 
prefers to describe CURA in terms 
of what it does. 

((We try to bring together com
munity organizations and the 
University faculty. A professor will 
have an idea but it just doesn't fit 
into the academic structure, so we 
appoint him as a CURA coordinator 
and provide him with money to 
build a staff. It is also our job to 
find a place in the traditional 
academic structure for long-term 
programs." Essentially, CURA 
makes the entire University into 
one big think tank. 

CURA does not generate projects 
itself, but makes about $4.4 million 
a year available in several broad 
categories like Urban and Regional 
Management, Community 
Programs and Instruction 
Programs. Once a faculty member 
or community group comes up with 
a plan, the CURA staff also helps 
define and give form to the project. 

"There are two ways of ap
proaching any urban problem. One 
is to locate the individual who is in 
some kind of bind and thus becomes 
part of a larger problem, and then 
try to reach him. This is an adap
tion of the teaching enterprise." 
The Technology Power project, 
which encourages minority youths 
to enter scientific careers is an 
example. 

''The other is to approach it as a 
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problem of management and 
organization, such as a study of the 
geography of the MTC bus system. 

"It is my personal conviction that 
in the long haul, the majority of 
problems are concerned with infor
mation and management," Borchert 
says. 

Think tank operations are 
usually described in terms of a 
"systems approach", perhaps the 
most overused, underdefined word 
in modern English, though it is 
really the only term to describe 
their work. 

The "systems approach" can be 

and manage HMO's and getting the 
federal government to support the 
concept. 

An integral part of the think 
tank's system approach to problem 
solving is the use of inter
disciplinary teams of specialists 
and of generalists whose knowledge 
covers many fields. Every think 
tank, no matter how specialized, 
usually employs sociologists, 
lawyers, economists and scientists 
from the full range of physical and 
biological sciences. 

A typical sort of person who 
works for a think tank is one who is 

tt he central assuntption of our 
W'ork is that t e f ture is 
optional®'' 

defined as considering any 
organization or situation as a 
matrix of elements, each of which 
has some sort of functional relation
ship to the other elements. Thus, 
any situation is more than the 
people involved but includes the 
lines of communications and the 
way people are rewarded or coerced 
for what they do. 

Typically, a think tank will study 
a situation, trying to perceive these 
relationships, then determine 
which of the elements of the system 
need to be altered to meet some 
desired goal and specify what 
resources are available or need to 
be created to change the system. At 
this point, the think tank may have 
drawn up a report and considered 
its job complete or it may go on to 
implement its own recommen
dations. 

InterStudy's work on the health 
maintenance organization concept 
(HMO) is a case in point. The 
present system of health insurance 
and clinical care rewards doctors 
for providing a maximum of health 
services to sick people rather than 
keeping healthy people healthy. 
The system also does not allow the 
efficient use of what health care 
facilities and resources are 
available. 

After refining the HMO concept, 
InterStudy took on an educational
lobbying mission, helping to set up 
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sometimes considered a "maverick", 
who has been in many positions 
and found the academic or business 
world too frustrating. Guy Miles 
from North Star, for example, was a 
psychiatry and neurology re
searcher for the University medical 
school, later was part of an elec
tronics company and finally wound 
up as a social scientist. 

The type of people employed and 
the sort of projects conducted 
usually lead to a very relaxed 
working atmosphere in think tank 
operations. Dress is casual and so 
are departmental hierarchies. 
Researchers are responsible for get
ting a job done, not working in an 
office for certain hours, so at any 
time most of the staff is likely to be 
off meeting or gathering infor
mation from other places. 

Given their instrumental role in 
shaping the policies of government 
and business, the sorts of values 
that individuals in think tanks ex
press are important. 

"We have accepted some of the 
major social goals regarding human 
relations, resource management 
and effectiveness of decisions," John 
Borchert says. This is reflected in 
CURA programs that increase in
tegration, educational opportunities 
and status of low income and 
minority groups, and aid better 
resource management, utilization 
and protection. 

"The role of North Star is to sup
ply the sponsoring agency with in
formation as non-subjectively as 
possible. It is perfectly legitimate to 
study just about everything, but we 
try to stay out of the affairs of the 
sponsoring company," Guy Miles 
says. 

North Star had to sever its legal 
ties with the University in 1972 as 
a result of protests over its clas
sified research projects. "There has 
been a lot of criticism of the type of 
research we do and we are trying to 
do less classified research. Clas
sified research cannot be published 
or disseminated in any way, which 
doesn't fit in with North Star's 
philosophy," Miles says. 

"We're not a social change agen
cy," Earl Joseph says in a straight
forward manner. 

"We tell people what is available 
and how they can use it," Joseph 
says, emphasizing the optional 
nature of the future and the need 
for people to be aware of how to 
construct a desirable future. 

One value of InterStudy that Ron 
Fine, director of the Welfare Policy 
Division holds highly, is the active 
dissemination of information. 

"Our audience is not just 
bureaucrats. Social change doesn't 
happen simply after giving infor
mation to bureaucrats," Fine says. 
To implement this value, Inter
Study tries to publish most of its 
research and distribute the infor
mation they have gathered to the 
public. 

The think tank's role as an active 
disseminator of information is 
likely to become more important in 
the future as they become less of an 
information service to government 
and business and more of an in
dependent industry themselves. 

Right now, most think tank 
operations are related to producing 
goods and services more effectively 
but, as Earl Joseph points out, one 
of the more desirable futures is one 
in which being and becoming are 
more important than consuming or 
doing. 

Such an alternative future will, 
however, take an extensive restruc
turing of society, although it may 
be helped along by natural limits 
placed on material consumption 
and activity. But, whatever 
changes are necessary, it will 
probably be the think tanks that 
will find out how to conduct them. 

Minnesota Technolog 
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(Dedicated, Responsive, Knowledgeable 
people) Men with vision launched Univac 
and a new era. 

Today, some 30,000 Univac people throughout 
the world bring to their tasks superior 
scientific competence, technological skills of 
a high order, inspiration, and extraordinary 
imagination. 

They fill exciting jobs in a vastly exciting industry. 

They are found all over the world: scientists, 
technicians, sales representatives, assemblers, 
programmers, systems analysts, field engineers, 
accountants, marketing specialists. Men. 

If you are interested, write 

Women. All races. All creeds. 

Since the computer industry is in itself youthful, 
Univac people tend towards youth. Average 
age is near 30. But maturity and experience 
are present too. Many of those in on the 
beginning of Univac are still found in management 
research, the laboratories, the field, the offices 
and at sophisticated computer sites. Perhaps 
tracking a space satellite. Or helping to probe 
the causes of cancer. Or keeping a transportation 
system on schedule. 

Univac people are its most significant asset. 

Employment Manager 
Univac Defense Systems Division 
P.O. Box 3525 
St. Paul, Minnesota 55165 
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supplies, including 
slide rules, are 
neatly stacked 
and subject to 
gravitational pull~ 

Committee on Committees 
Positions Open On Comrnittees 

Mech. Eng. 
Computer 

Display 

Library 

Scholastic Standard 

Curriculum 

Engineering Intern 

Scholarship 

CICS 
Under-Graduate Advising 

All I. T. Students 
SOS (Student Ombudsman Service) 

Institute Consultive And Appeals 
Committee 

The above is a partial list. If you are 
interested, check your Department 
office or I. T. Board Office, 230 
TNCE. 
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Pioneer 

RQ 3748 

fisher 
Harman
Kardon Marantz 

I 
Continucnss (RMS) 

Power1 

50Wx4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 125Wx2 

I TIHID at rated output <0.5% 

I IM Distortion at 
rated output <0.5% 

I fM Ollllf Sensitivity 1.9J.LV 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

50 db signal to 
noise ratio 

Capture Ratio 

Price 

2.8J.LV 

1.5db 

$549.952 

'All powermeasurements taken at 120volts/60 cycles, 8 ohms, 20Hz-20kHz, all channels driven simultaneously. 1 
2 Manufacturer's suggested list price which may be higher in some areas. 

If you're in the market for four channel, you matrix capabilities so you can use either type of 
1
1 

already know you've got to spend a good bit of quadraphonic material. And much, much more: 
cash for a receiver. So it'd be a good idea to We can offer so much because we have so I 
spend a good bit of time checking specs on much experience. We were one of the first in the I 
everything available just to make sure you get audio field. And now we're applying all our knowl-
the most for your money. edge, all our engineering skill to four channel. I 

To make your search a little easier, we've Once you've proven to yourself which receiver 1 
prepared the blank comparison chart above has the best specs, move on down to that last 
with spaces for some of the best- known brands I i ne in the chart and com pare Sylvania's price I 
and most important specs. Just take it with you with all the others. Find out which one gives the 1 
to the store, fill it in, and you'll be able to tell most for your money. 
at a glance what you get for what you pay. We feel pretty confident you'll discover that I 

We took the liberty of filling in the Sylvania the best-known names aren't necessarily your I 
columnwithspecsforourRQ3748fourchannel best buy. I 
receiver. We did it because we know we're not 3 So much more that it won't all fit here. So send us a stamped, self- I 
the best-known name in four channel, and we addressedenvelopeandwe'llsendyouafour-pagebrochureonour 

didn't want you to overlook us for that reason. four channel receivers. 

Because we think the RQ3748's specs 
are really worth remembering. 

50 watts of RMS power per channel at 8 
ohms, 20-20kHz, with all four channels 
driven.125watts perchannel in stereo bridge 
mode. A TH D and I M of less than 0.5% at . 
rated output. An FM sensitivity of 1.9 micro
volts. A discrete four channel receiver with 

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

----------------------------~ 
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Trying ·to figure out the exact 

kind of engineering work you should 
go into can be pretty tough. 

a few engineers. So we thought a 
series of ads explaining the work 
they do might come in handy. After 
all, it's better to understand the vari
ous job functions before a job inter
view than waste your interview time 
trying to learn about them. 

Manufacturing products. Selling 
and servicing products. 

This ad outlines the types of 
work found in the Sales and Service 
area of G E. Other ads in this series 
will cover the two remaining areas. 

One minute you're studying a 
general area like mechanical or elec
trical engineering. The next you're 
faced with a maze of job functions 
you don't fully understand. And that 
often are called different names by 
different companies. 

Basically, engineering at G E 
(and many other companies) can be 
divided into three areas. Developing 
and designing products and systems. 

We also have a handy guide that 
explains all three areas. For a free 
copy, just write': General Electric, 
Dept. AK-3, 570 Lexington Ave., 
NewYork,NewYork 10022. General Electric employs quite 
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Sales Engineering marketing personnel to suggest ideas for new 
or modified products. 

Sales engineering is technical marketing. Field Engineering 
Sales engineers at G E are the important liai-
son between GE manufacturing facilities and Field engineers at GE plan and supervise the 
utility, industrial, distributor and govern- installation and service of large equipment 
mental customers. Working closely with systems worldwide in two main customer 
assigned customers, they use their ~~~&~~~~l areas. Power generation and delhi-
technical background to recognize ery equipment for utilities. And 
customer needs and recommend heavy apparatus for industrial 
GE products or systems to fill customers such as paper and 
them. From small AC motors to steel mills, chemical plants and 
huge turbine-generator units. machine tool manufacturers. 
Requires a thorough They specialize in either 
understanding of a customer's the mechanical/nuclear or 
business, as well as a wide electrical/electronic 
range of G E products. areas. Since field engi-
Plus the ability to work neers are often called to 
well with people and to troubleshoot and correct a 
recognize a good business customer equipment problem, 
opportunity. it requires the technical competence 

~P.Iication 
Engineering 

Application engineers are technical experts 
who work closely with the sales engineer 
and the customers' engineers. Their job is to 
analyze special problems and equipment 
needs of customers, then determine the opti
mum GE products or systems to meet them. 
There are two kinds of application engineers. 
The first works out of a sales operation and 
is adept at applying a wide variety of prod
ucts to create a '"system" that meets the cus
tomers' needs. The second works in a 
product manufacturing department and is a 
specialist at applying the products of that one 
department. Both must have in-depth knowl
edge of the customers' technical needs. They 
often consult with product planners and other 

GENERAL 

and creative ability to handle the dif
ferent, the difficult and the unexpected. 

Plus the ability to take charge,'lead people, 
and make independent, on-the-spot decisions. 

Product Planning 
Product planning is a marketing function. 
Product planners make sure a product line 
offers what customers need at competitive 
prices. They determine the need for a new or 
modified product, product availability, mar
ket size, cost structure, profitability, specifi
cations and distribution channels. To do this, 
they work with market researchers, applica
tion and sales engineers, finance experts, 
marketing management, plus design and 
manufacturing engineers. Their engineering 
background is a big plus. This work requires 
self-stm1ers who can coordinate a project 
and sell their ideas to management. 

ELECTRIC 
An Equal Opportunity Employer 
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'' D. C. BURNHAM, CHAIRMAN 
WESTINGHOUSE 

8 ELECTRIC CORPORATION 

Here are the facts. Oil and gas sup
ply 78 percent of U.S. energy needs. 
U.S. production of oil and gas has 
peaked out. World oil and gas pro
duction will peak shortly. But de
mand for 13nergy will continue to 
grow. 

If growth continues at its historic 4 
percent annual rate, we will use up 
all our oil and gas in about two 
decades. 

The only viable, long-term solution 
to America's energy problem is a 
shift to an electric economy, one 
powered by nuclear energy and coal. 

Westinghouse, one of the world's 
major electric companies, is the 
leader in nuclear energy. We're 
also one of the world's most diversi
fied companies-with enlightened 
hiring and training policies. 

Talk with our campus recruiter. Or 
write George Garvey, Westinghouse 
Education Center, Pittsburgh, Pa. 
15221. An equal opportunity employer. 



The tires of most jetliners lose traction 
on a half inch of snow. 

That means runways must be kept 
free of snow and ice. Or airports must 
close and the planes land somewhere 
else. 

Which causes a lot of inconvenience 
for passengers. Strange hotels. Long 
lines. Missed relatives. And dreary 
hours waiting for better weather. 

But this winter the story may be dif
ferent. Because of Union Carbide's 
Runway De-Icer. 

We discovered a new combination of 
liquid chemicals that penetrates a cov
ering of snow and ice and unglues it 
from the runway surface. 

do n. 

So it can easily be pushed away. 
It can also be laid down before a 

storm to act as an anti-icer. 
Last winter it was successfully used 

at over 20 busy metropolitan airports. 
This year we expect that more airports 
will be using UCAR Runway De-Icer. 

So now instead of just talking about 
the weather, people can do something 
about it. 

THE DISCOVERY COMPANY 

For additional information on our activities, write tot 1nion Carhrdc ( ·.urpuratron, I lepartmcnt of University Relations, 270 Park Avenue, New York, New York 10017. An equal opportunity employer. 
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A cutaway view of the new lead-acid battery. For use in 
the Bell System, four types-each with a different ampere
hour capacity-will replace the 60 configurations currently 
in use over the same capacity range. 

High intensity 
focused infrared 

Sealed 
jar cover 

jar cover light 

In the sealing process, focused infra-red light is absorbed 
in a carbon black coating at the jar-cover interface, caus
ing localized melting of the plastic. 

The positive grids are 
designed so that as cor
rosive growth occurs 
the space between 
hoops remains constant. 
Thus contact with the 
paste is maintained and 
electrical capacity ac
tually increases with age 
as corrosion produces 
additional lead-dioxide 

~..,... _________ ...~~material. 

veloping a new lead-acid batte 
Every year, Bell System telephone companies 
spend over $30 million to buy and maintain 
the lead-acid batteries they use as interme
diate sources of standby power during 
emergencies. 

So they know just how susceptible all 
lead-acid batteries are to problems caused 
by corrosion. Problems such as gradual loss 
of capacity, short- circuits and cracking that 
could result in acid leaks and occasional fires. 

That's why Bell Labs and Western Elec
tric engineers recently undertook the first 
major improvements on what is essentially a 
100-year-old design. 

The result: a revolutionary, cylindrical 
lead-acid battery with a jar and cover fabri
cated from an improved flame-retardant, im
pact-resistant polyvinylchloride. The bond 
between jar and cover is leakproof due to a 
new infra-red sealing process. 

Inside the battery are circular, cone
shaped grids cast of pure lead rather than a 
lead alloy, then stacked horizontally in a 
self-supporting structure. Positive grids are 
cast with large grain-size to minimize corro
sion. They're then filled with a paste (tetra
basic lead sulfate) whose rod-like particles 
interlock for maximum mechanical stability. 

These new features required new manu
facturing techniques. For example, how 
could potential suppliers best mass-produce 
positive plates of the required grain-size and 
paste the grids rapidly and efficiently, given 
their conical shape and the new oxide ma
terial's crystal structure? 

Western Electric's Purchased Product 
Engineering organization and Bell Labs set 
up a design capability line at a company sub
sidiary, Nassau Smelting & Refining. 

Using machinery developed at Western 
Electric's Kearny Works, they refined pro
duction methods and materials that made it 
possible for a supplier to produce the new 
battery economically, in commercial quanti
ties and to Bell System specifications. 

And Western Electric plans to achieve 
still further savings through a continuing cost
reduction program. 

Conclusion: Close cooperation between 
Bell Labs and Western Electric has resulted 
in the creation of a superior lead-acid bat
tery. Its expected useful lifetime is at least 
30 years- double that of even its best prede
cessors. It lowers maintenance costs substan
tially. And its unusual design virtually elimi
nates the hazard of fire due to mechanical 
failure. 

We make things that bring people closer. 
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The Book of Revelations department. 

cien ic Integ ~ty: 
Can A Technical Expert 
Be Bought? 

The scientist is expected to be motivated by 
a high set of ideals. Fairness, objectivity and 
devotion are supposed to be synonymous 
with his profession. It does not always work 
that way. Laurence Yarosh 

he icrowave ven: 
others little Helper 
Four million units will be sold in 1976. An 
additional quarter of a million units will be 
purchased in that year by industry. The item 
in question is the microwave oven, a 
relatively new device which is changing 
American lifestyles. Robert Pirro 

andcastle 

The second place winner in the Technolog's 
Science Fiction Writing Contest. 

Richard Morey 

eyond This orizon: 
The Potenti f 
Commercial Spaceflight 

There is a new trontier looming beyond the 
atmosphere of this planet-space. By the 
end of the decade it may be our most valua
ble resource. 

James M. Youn 

COVER DESIGN BY KEVIN STRANDBERG 
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The editors feel that the Technolog is not the 
proper place for evaluation of, or critical curriculum 
recommendations for, the Institute of Technology 
as an educational system. That is better left done
at least for the present - in administrative offices, 
journals and in the classroom. 

But this magazine is published in a somewhat 
dingy basement office of Mechanical Engineering, 
and from that vantage point it is obvious that there 
are many aspects of the I. T. buildings which are 
dismal, bleak and unconducive to study. The in
teriors of the engineering buildings have always 
looked as though they had been painted by the 
Minneapolis Sewer Department; and there are very 
few study spaces available in those interiors. There 
are few food services- and fewer lounge spaces 
-available to the I. T. student. 

It seems that the college of the University which 
administers the architecture program might be able 
to persuade a few students - for credit, with 
supervision - to design some simple lounge areas 
in unused lacunae like the basement lobby by the 
Church Street entrance to Mechanical Engineering. 
That way, it would take very little time, money or ef
fort to make I. T. a more comfortable, livable place. 

The following letter is published in consideration 
of this belief. 

Dear Editors; 
Some time ago, a space allocation ruling was 

made which specified that the University of Min- . 
nesota was to provide two square feet of study 
space per student. Where is that space? It simply 
does not exist. 

It had been planned that the lack of student space 
would be alleviated with new Institute of 
Technology buildings. In the past six years, .every I. 
T. building proposal included provisions for student 
space. Unfortunately, because of the legislature, no 
new I. T. building will be constructed within the 

foreseeable future. Meanwhile, some I. T. depart
ments are growing and more space is needed for 
them. What student space we have now (like that in 
Main Engineering 26) is being threatened! 

When the Engineering bookstore moves to its 
new building around 1975, approximately 6,600 
square feet of space will be available. Needless to 
say, the space would be ideal for I.T. students' 
needs. However, many other groups are investigat
ing that space themselves. Among them are the 
English department (which already controls all of 
Main Engineering save the basement and first 
floor), and Computer Information and Control 
Sciences (CICS), which is growing rapidly. With 
such strong contenders, the students' chances are 
not ideal. 

In hopes that I. T. does not lose that space, CICS 
and the I. T. student board are preparing a joint I. T. 
proposal. Such a proposal would be much more ef
fective than separate proposals from the I. T. ad
ministration and I. T. students. 

As it stands now, students will get approximately 
2,800 square feet more (in addition to Main E. 26, 
which has 1,440 square feet), while CICS will get 
about 3,800 square feet for more labs and offices. 
Of the 4,240 square feet for students, 1,460 is 
basically unusable, though they might be used by 
student orgamzations for offices. (They are cur
rently receiving and storage rooms.) Approximately 
300 square feet would be used by I. T. tutors, 
thereby moving and expanding their facilities from 
Main E. 104. The remaining space would be stu
dent space. 

The plan is that the traffic through the hallway 
next to the bookstore would be blocked off, and a 
wall along the pillars would be built. Then the 
hallway could be used by students. Tables, chairs 
and vending machines would be installed. 

Last spring I. T. student boards contacted those in 
charge of space programming and informally told 
them how we would like to see space used. Now it 
is time to present a formal proposal. We would like 
to know how the rest of the students feel about the 
proposal. Contact us if you have any questions or 
comments. We are ·located at 230 T.N.C.E., and our 
phone number is 373-7729. 

Sincerely, 
Janice Tjebben, 

President of I. T. Student Board 

Minnesota Technolog 



The Reserve Mining Trial, mired for nine months 
in arguments between engineers testifying for the 
Government and for Reserve, was shaken this 
month by the disclosure of Reserve documents that 
contradict the testimony of many of its own wit
nesses. This revelation lends support to the en
vironmentalists who have been saying for six years 
that Reserve witnesses give misleading testimony 
at the dictate of the company. 

The documents show that Reserve's much-touted 
underwater disposal plan - in which tailings would 
be piped 150 feet below the surface of Lake 
Superior - was v~toed in 1972 by Armco Steel 
Co., one of Reserve's owners. 

They show further, that the company has in
vestigated four different plans to dispose of taconite 
tailings on land, despite repeated claims by their 
lawyers that no investigation had been made. 

But most importantly, an Armco study indicates 
that one of the disposal plans would actually save 
Reserve money. This is in contrast to Reserve's 
astronomical estimates of the cost of on-land dis
posal and repeated hints that they would be forced 
to close rather than dump their tailings on land. 

In all three cases, the secret documents con
tradict the testimony of Reserve's scientists and 
engineers. Kenneth Haley, manager of Reserve's 
research and development effort, presented the un
derwater disposal plan as Reserve's preferred· 
alternative, without mentioning that it was vetoed 
two years before. 

In arguing against on-land disposal, Reserve's 
lawyers presented Stig 0. Forssmark, president of 
Trygve, Hoff and Associates, a large consulting 
firm. He argued, according to Reserve's legal brief, 
that the idea is "unsound from an economic and en
vironmental standpoint." He was either ignorant of, 
or ignored Reserve's heretofore secret study, which 
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reaches the opposite conclusion. 
An important economic factor in the alternative 

disposal plan is pellet quality. Reserve's taconite 
pellets contain less iron than those produced by 
other companies. The government contends that a 
modern plant, dumping its wastes on land, would 
produce pellets with a higher iron content. Such 
pellets could be used more efficiently in the blast 
furnaces to produce steel. 

To oppose this idea, Reserve presented A.J. 
Jermann, the Supervisor of Blast Furnaces for 
Republic Steel Co., Reserve's other owner. He 
argued that the advantages of higher quality pellets 
would never offset the costs of building a new plant. 
Yet one of the hidden reports shows that the new 
system would save $37 million per year because of 
the higher quality pellets produced. 

The willingness of technical experts to prostitute 
themselves in the service of industry is a serious 
blight on the claim that science has served man's 
welfare. Reserve has fought off all attempts to stop 
its dumping in Lake Superior for over six years, and 
this could never have been done without the willing 
assistance of dozens of scientists and engineers -
professional consultants, university professors and 
company employees. 

Even more disheartening than the weak con
sciences of these people is the silence from the rest 
of the scientific community. Not one professional 
society or dean of an engineering school has 
spoken out against the tactics of companies like 
Reserve and the malleability of its witnesses. As 
this month's article on scientific integrity shows, it is 
nothing new. People have come to expect it. 

Laurence Yarosh 
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The ,\rmy ROTC Basic Camp. It\ tough 
because you'll he making up for the entire first t\\·o 
years of the Army ROTC Four-Yea1· Prog-ram. T\"<> 
\'cars in onl v six weeks. 
· D~tring this time. while we're toughening 
up your body a little, \ve'll be even tougher on your 
mind. By asking you to complete a concentrated 
course of study covering all the topics you missed. 

But when vou return to colleo·e in the fall. . ~ 

you can look forward to two pretty great years. 

You'll be earning an extra 5100 a month. up to ten 
months a year. And you'll also be earning an 
officer's commission while you're earning your 
CO 11 co·e cl COTCC. 

~ ~ 

If you're transferring from junior college. 
or for some other reason you crndcln't take the first 
two years of ROTC, look into the Arnw ROTC 
Two~ Year Program. . 

Armv ROTC. The more vou look at it. 
the better it lo;)ks. · 

Information about 
This Outstanding Opportunity 

May Be Obtained From The 
Army ROTC Offices:, Room 108 

Armory At The "U" Or Call 373-2212 



ho kee s a level head~ 
Dictionaries define hurdling as jumping over a hurdle in a race. 

Obviously, Webster never made the track team. 
"A good hurdler never jumps," the experts tell us. "He tries 

to duplicate the movements of sprinting. The head stays level. 
It's never higher over the hurdle than it is between them." 

A level head helps overcome any obstacle. Take bearing problems. 
They're best approached by a person with training, determination 

and the ability to think things through. 
Are you such a person? When you run up against a tough problem, are you 

able to take it in stride? And do you like the excitement of rugged 
competition, and the rewards that come from winning? 

Then write The Timken Company, Canton, Ohio 44706. Ask our Manager of College 
Relations to give you a tryout. Ask him about our policy of promotion from within. 

And while you're at it, ask him to tell you about our continuing 
expansion and modernization program. 

Timken® bearings 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). 

REGISTERED TRADEMAR~ 

THE TIMKEN COMPANY MANUFACTURES TAPERED ROLLER BEARINGS, SPECIALTY ALLOY STEEL AND REMOVABLE ROCK BITS. 



Gould is a company of Proud 
Inventors. committed to new 
product development as our basiC 
growth strategy. Our expertise is 
concentrated in four integrated 
technologies; electrochemical. 
electromechanical, metallurgical 
and electronic. The advertisement 
below, which appeared originally 
in THE WALL STREET JOURNAL. 
shows one example of the kind of 
projects going on at Gould. 

Gould's computer data han-
dling line now includes a sys-
tern that squeezes 200 pages 
of information onto a postcard-
sized microfiche (or 2000 pages 
onto a roll of microfilm). And 
does it faster than any com-
puter printer works-15,000 
lines per minute. 

Our Beta COM System elimi-
nates the need for special pro-
grams and uses less of the 
computer's memory. It's an-
other part of our growing num-
ber of ways to help people get 
more out of their computers. 
For more information, write 
Gould Inc., 8550 W. Bryn Mawr 
Ave., Chicago, Illinois 60631. 
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n initial assignments as a Conwed engineer you will be 
performing technical functions-- either in product develop
ment or process improvements. Our fields of technology 
include mineral fiber spinning, cellulose fiber dry felting, 
and plastics extruding. 

As you develop skills in these fields, Conwed offers two 
paths for continued professional growth. You'll find oppor
tunities in our "technical ladder" or equal opportunities in 
management for engineers with potential and desire. 

Mechanical and chemical engineer graduates are of prime 
interest to us in our fields with specific needs for Chemical 
Engineer graduates in the first half of 1974. 

Write G. R. Erickson . . . ro·-N_C_A_M_P_U_S ___ __, 

~TERVIEWS APRIL 2 

Con wed 
CORPORATION 

332 MINNESOTA ST, ST. PAUL, MN 55101 
An Equal Opportumtv Employer M F 

ARCHITECTURE TECHNICAL CONIMUNICATION MATHEMATICS 

How good are you ... at COMMUNICATING 
what you know to others? The rapid growth and 
interfacing of science and technology today de-
mands the effective exchange of scientific and 

0 technical information. The engineer and scientist m 
z z 
a: skilled in technical communication is an impor- ~ 
w z w tant link in this transfer of technology. Be ready m z m 
0 to take an active part in the future of your field. ~ 
z z 
w Courses are now offered in: Gl 

Scientific & Technical Writing 

Scientific & Technical Speaking 

Transfer of TE'Chnology m 
z 
~ 
z 
m 
m 
~ 

PROGRAM z THE TECHNICAL COMMUNICATION Gl 

will provide you with the skills needed to be ef-
fective in technical communication. Phone 
373-0917, or contact your adviser for more in-
formation. 
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If you're an engineering student and believe in yourself and 
your ability ... you could be one of those who will walk 
through the Monsanto doors into a lasting and rewarding 
career. Soon. There's no better road to a successful future. 

Monsanto operates in a very competitive field. We need 
innovative engineers to help us stay ahead of that competition. 

There are openings at Monsanto for graduates in all fields of 
engineering who are just approaching their life's work. What 
you need most with your degree is a firm idea of what you 
want to do with your life and your willingness to work for it. Hard. 

If you think your credentials and goals are in tune with our 
needs; if you've got a career in mind and the motivation to 
achieve-we invite you to look at our company. You could 
start something that will last a long time. 

Write to George C. Crook, Manager, University Relations 
and Professional Recruiting, Corporate Personnel Dept., 
800 North Lindbergh Boulevard, St. Louis, Mo. 63166. 

onsanto 
An equal opportunity employer. 
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T he legal battle between 
Reserve Mining Company and 

the environmentalists over its dis
charge into Lake Superior has pro
vided a vivid and often embarass
ing glimpse at the scientific and 
engineering advisors who influence 
the country's most important de
cisions. After six Federal con
ferences, two trials and some of the 
most detailed research ever done in 
Lake Superior, the scientists who 
advise the opposing parties are in 
total disagreement, even over seem
ingly dry factual questions. 

For example, how much rock is 
dumped into the lake by Reserve's 
taconite plant? The two sides do not 
agree, and their estimates differ by 
over 15,000 tons per day. Do the 
tailings encourage the growth of 
disease bacteria in the lake water? 
The environmentalists say yes, but 
Reserve claims that their tailings 
actually cleanse the water of bac
teria. How much will it cost to 
dump the tailings on land instead 
of in the lake? The estimates differ 
by almost 300%. 

Such deep disagreement in an 
area far from the frontier of 
knowledge runs counter to the 
widespread faith in the impartiality 
of science. The image of a scientist 
defining his problem with 
mathematics and using controlled 
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experiments to reach a conclusion 
is threatened when two directors of 
research argue in court over the 
concentration of manganese in the 
deep waters of Lake Superior or in
terpret the same x-ray diffraction 
pattern in opposite ways. 
Di~tortion of Research 

Studies. A frequently suggested ex
planation for these conflicting 
views is that research studies have 
been biased or forged by scientists 

. who subordinate their professional 
pride to the interests of their 
employers, either the government 
or Reserve. Deborah Hedlund, 
author of a book on Reserve, claims 
that company employees secretly 
changed the results of their cum
mingtonite measurements before 
presenting them to the government. 
Charles H. Stoddard, a former In
terior Department official who was 
deeply involved in the controversy, 
has charged that Reserve uses 
''manipulated studies by kept scien
tists" to support its arguments. Yet 
the report of which Stoddard was 
chief author was attacked by the 
then Minnesota Pollution Control 
Agency Chairman John Badalich as 
''very biased", containing numbers 
that were manipulated to justify 
preconceived notions and con
clusions based on mere speculation. 

Such dark allegations are not 

confined to the Reserve trial. 
Similar accusations can be found in 
almost every conflict involving 
technology. Nineteenth century 
C<>urt battles involving the 
railroads moved William P. Shinn, 
president of the American Society 
of Civil Engineers, to comment in 
1890, ''Nothing can be more un
seemly than to see two eminent 
n1embers of any profession each 
striving to earn his fee by stating 
SllCh facts or giving such opinions 
only as make for the side by which 
he is retained." 

If the financial ties between the 
experts and the parties in court 
could be severed, he predicted, ''It 
n1ight result in some of my pro
:fi~ssional brethren receiving less 
fees, but it would be to the benefit 
of the profession and the cause of 
justice." 

Questions of integrity have in
volved even the most prominent 
and respected experts, as in the 
1913 attempt in Philadelphia to roll 
back the electric utility rates. 
Years of municipal corruption had 
allowed the Philadelphia Electric 
Co. to establish exorbitant rates for 
electricity. The Pennsylvania 
Public Service Commission ordered 
that an inventory and valuation of 
the company's assets be done pre
liminary to a rate adjustment. The 
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Monticello nuclear power plant. AEC employee-engineers have maintained for 20 years that such plants are safe. Yet safety standards have 
been severely tightened in the past year. 

Company chose a Boston consulting 
engineer, Dugal C. Jackson, to com
pile the inventory. 

Jackson's credentials were impec
cable. A former professor at MIT 
and past president of the American 
Institute of Electrical Engineers, he 
enjoyed a national reputation as a 
consulting engineer. Yet his first 
loyalty lay with the power industry. 
According to historian Edwin 
Layton, 'tthe consultants in this 
field were closely allied with the 
utilities and had absorbed their 
views and interests. They were not 
impartial, but partisans of the 
private interests against the 
public." 

Jackson, in an attempt to hide 
the company's profits, produced an 
unmanageably long inventory, fill
ing 110 volumes. Each of the com
pany's electric poles were listed 
separately and, at one point, a 
length of 2 inch pipe was listed 
separately from the threads on 
either end. In contrast, says 
Layton, •tthe valuation itself was 
very short and in such a form as to 
make comparison with the inven
tory impossible." 

The valuation was eventually re
jected and the utility forced to re
duce its charges by over a million 
dollars per year. 

In 1966 Ralph Nader's book, 
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Unsafe at Any Speed, attacked the 
automobile industry, reserving 
special criticism for its engineers. 
Nader maintains that General 
Motors' engineering chief Frank 
Winchell and head safety engineer 
Kenneth Stonex, among others, 
('have had detailed knowledge of 
the design defect (in the Chevrolet 
Corvair) since the first prototypes 
were tested. Yet they have con-

Dugal C. Jackson, president of AlEE and a 
target of utilities reformers. His 1913 inven
tory of the Philadelphia Electric Company 
was rejected as obstructionist and de
liberately misleading. 

tinued to claim that the 1960-63 
models are not uniquely unstable 
. .. Company engineering reports 
detailing the car's defects were dis
covered only after GM officials had 
denied any knowledge that their 
cars were unsafe." 

The question of scientific bias 
was raised again last April with the 
disclosure that many of the studies 
upon which the Environmental 
Protection Agency's 197 5 auto 
emission standards were based 
were administered by the 
Coordinating Research Council, an 
organization which gets most of its 
money and staff people from the 
automobile and oil companies. The 
arrangement led Science magazine 
to comment, ((Small wonder that 
after five years of national effort, 
many apparently simple technical 
questions relating to auto emissions 
control remain hotly disputed." 

Scientists under pressure. 
Many pitfalls stand between a re
searcher and an unbiased con
clusion. A study may be biased by 
the choice of what to investigate 
and which tests will be run. During 
a conflict in the Reserve trial over 
testing for airborne asbestos, Judge 
Miles Lord observed, (The govern
ment will want to take all of its 
samples (near the plant 
smokestack). Reserve will want to 
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Success and failure in engineering. Pioneer X 
Jupiter probe (above) and an automobile de
molished in a collision. The difference 
between good and bad products is often not 
the skill of the engineer, but the intentions of 
rruxnage ment. 
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take samples upwind. It's natural." 
In food research, the choice of ex
perimental animals used to test a 
food additive may determine the 
cancer rate, as some species are 
more susceptible to the disease 
than others. 

Even after the experiments have 
been carried out, the data may be 
interpreted to suit the scientist's 
purposes. During the 1969 con
gressional debate over the 
Safeguard antiballistic missile 
system three systems analysts, 
aligned with different factions, took 
the same Pentagon figures and pro
duced wildly varying estimates of 
the Russians' first strike capability. 
Albert J. Wohlstetter, a pro-ABM 
analyst, calculated that 5 percent of 
our Minuteman missiles could sur
vive a first strike under certain pre
scribed conditions. George W. Rath
jens, Jr., an ABM opponent, figured 
25 percent survival and Ralph E. 
Lapp, another expert, argued that 
75 percent would survive the same 
attack. The differences remained 
unresolved, even after a heated and 
extensive public discussion. 

Finally, a technical employee 
may feel compelled to mislead the 
public, as the auto engineer who 
claimed in 1963 that automobile oc
cupants could not be protected in 
ordinary crashes through ((any 
restraining devices that the 
average driver would be willing to 
use" or he may alter or hide re
search data, as Reserve Mining 
employees are accused of doing. 

The pressure on an industrial 
scientist or engineer to conform to 
the interests of management can be 
immense. Promotion may be 
predicated on company loyalty, as 
stated very candidly by Chrysler 
Corporation's Sumner B. Twiss: ((a 
prime requisite for getting ahead in 
industry is identification of your 
personal objectives with the objec
tives of the company." 

He further warned that the 
proper attitude can be more impor
tant for advancement than mere 
depth of technical knowledge. 

When the Northern Environmen
tal Council issued a paper accusing 
Reserve's consultant, Trygve Hoff 
Co., of inflating the cost estimates 
for their on-land tailings disposal 
system, the council refused to dis
close the names of their own consul
tants. These engineers, according to 
the council, feared ((economic and 
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political retaliation" if their iden
tity became known in the mining 
industry. 

Professional societies - a solu~ 
tion? One answer to weak pro
fessional integrity might lie in a 
strong network of professional 
societies. Such groups might 
strengthen their members in resist
ing management pressures, and 
could formally censure those who 
practice deception. 

In reality, however, professional 
societies have been heavily in
fluenced by business. Many 
societies are supported by company 
contributions, and for others, mem
bers' dues are often paid by their 
employers. Many of the officers are 
not practicing engineers at all, but 
owners and managers of businesses 
that employ engineers and scien
tists. 

The societies have actually 
served management by disciplining 
their members and censoring their 
communication. Philadelphia's 
Public Service Commissioner, 
Morris L. Cooke, nearly lost his 
membership in the American 
Society of Mechanical Engineers 
through his public attacks on Dugal 
C. Jackson in the 1913 dispute over 
electric rates. Such attacks were 
against ASME rules. 

There have been numerous in
stances of societies refusing to 
publish or hear papers critical of in
dustry pricing practices, or papers 
advocating any viewpoint un
popular with management. Such 
censorship makes internal reform 
and outside attack quite difficult. 
University~based experts. Not 

all scientists work for corporations, 
and it might be hoped that the 
universities could serve as a source 
of unbiased expertise. Yet they, like 
the professional societies, have 
strong ties to industry. 

In the Institute of Technology, for 
example, many activities such as 
the high school recruitment pro
gram are funded directly by in
dustry. Many of the faculty are paid 
consultants of industrial concerns, 
or even own their own businesses. 
These ties have led to charges of 
bias against University faculty. 

Testimony by Mineral Engineer
ing faculty on behalf of mining 
companies involved in tax disputes 
in Northern Minnesota has angered 
several local officials. Among these 
was State Representative William 

R. Ojala, who introduced a bill in 
the 1973 Legislature to prohibit 
members of the Department of Civil 
and Mineral Engineering from 
testifying in any proceeding involv
ing the public interest. A similar 
bill, applying to all University 
faculty, has been laid over by the 
1974 Legislature. 

The problem of bias by 
University faculty prompted a 1973 
study by the research staff of the 
Minnesota Senate. Among their 
comments were: ((private interests 
buying the most qualified state 
University experts deprive local 
and state governments and the 
public of the unbiased, credible ex
pertise usually associated with a 
major state University." 

HFacts" and Hconclusions" 
become indistinguishable. The 
older view of science holds that 
facts can be determined regardless 
of bias, and that distortion can lie 
only in their interpretation. Philip 
C. White, president of the 
Coordinating Research Council, de
fended his organization against 
criticism, saying, ~(The first pre
requisite ... is to obtain the facts, 
and this must not be confused with 
the separate job of interpreting 
these facts." This view was shared 
by Phillip Harein, professor of en
tomology at the University of Min
nesota, who denied any bias in his 
own reports, arguing that the data 
((speaks for itself." 

Yet, as scientists and engineers 
become involved in more and more 
controversial public issues, it must 
become obvious that fact-gathering 
cannot be isolated from the in
terpretation of facts. The shortcom
ings of ''objective science" and the 
failures of professional integrity 
will be on public display. 

Engineer-politician Herbert 
Hoover once declared, ''Technology 
without intellectual honesty does 
not work. Construction without 
consciousness soon crumbles. Those 
are the reasons you have seen no 
engineers before the Kefauver Com
mittee." Yet only a few years later, 
Senator Kefauver's investigating 
committee was indeed interrogating 
engineers, those who built and de
fended unsafe automobiles. As long 
as technical experts are bought and 
manipulated, their ((scientific" 
testimony must be regarded as no 
better and no worse than that of 
any politician or businessman. 

13 



I 

or: I.T. 
d: omm1tt on 

0 
liQfilffil tt 

Positions Open On Committees 

Mech. Eng. 
Computer 
Display 
Library 
Scholastic Standard 
Curriculum 
Engineering Intern 
Scholarship 

CICS 
Undergraduate Advising 

All I. T. Stulients 

Institute (;onsultive And Appeals 
Committee 

The above is a partial list. If you are 
interested, check your Department of
fice or I. T. 13oard Office, 230 TNCE. 



A s usual, it took a war to de
velop a sophisticated 

technology. 
This was the case with 

microwaves, which were studied for 
years but found their first practical 
application in radar installations 
during World War II. Afterwards, a 
spin-off developed enabling 
microwave energy to be used in a 
kitchen appliance- the microwave 
oven. 

The success of these ovens has 
been nothing short of amazing. 
Since 1970, sales have been 
skyrocketing to the point where 
nearly 25 percent of all ranges and 
cooking devices purchased two 
years from now will be microwave 
ovens or microwave-conventional 
range combinations. 

What accounts for the 
phenomenal success of these ovens? 
Sales have skyrocketed from a mere 
75,000 units in use in 1970 to 13 
times that figure in just the last 
three years. Reasons given for 
microwave oven use include speed, 
convenience, novelty, economy, 
ecology, size and appearance. 
Whichever reasons are valid, the 
story of the microwave oven ap
pears to be a classic example of the 
right product hitting the right 
market at the right time. 

Microwaves themselves are a 
form of radiant energy. All radiant 
energy travels in waves and creates 
its own electromagnetic field. An 
electromagnetic spectrum is a chart 
of radiant energy listed according 
to frequency, or wave length. In the 
electromagnetic spectrum, 
microwaves are grouped in the 1 
MH z- 1GH z frequency range, along 
with radio and television waves, 
and radar. This range falls just 
below infra-red and visible light 
waves and just above radar, 
television and radio frequencys. 

Microwaves, like radio, light and 
infra-red waves, are non-ionizing 
radiation, that is, radiation which 
can cause a rise in temperature. 
Ionizing radiation, such as X-rays 
and ultra-violet rays, can cause 
chemical changes with little or no 
change in temperature. 

Two characteristics of 
microwaves are the ability to 
bounce or deflect off metal surfaces, 
and a thermal or heating effect. 
The thermal effect of microwave 
energy in an oven is attained 
through · the use of a constantly 
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changing electrical field. 
Microwaves are generated by elec
trons from electric current con
verted to electromagnetic energy. 
When applied to a substance in a 
small, closed metal area (like the 
inside of a microwave oven) the 
electrical field can be changed up to 
2.45 x 10 9 times per second. 
Mechanical or viscous forces 
normally act to restrict the matter 
from changing its electrical field. 
The energy of the microwaves in 
trying to overcome these forces is 
converted to heat. 

In the case of food, the moisture 
molecules in the food vibrate, creat
ing friction. This produces heat and 
the food literally cooks itself. 

Thus a radio-frequency field is 
set up and the di-pole motion of the 
molecules forms the basis for cook
ing. There is also some heating in 
the lower frequency region, due to 
conductivity. In this given situation 
the energy density can easily reach 

100 watts per square centimeter 
(lOOW/ em~). 

In the average microwave oven 
the major components consist of 
(see drawing) 1-the magnetron 
tube, 2-the antenna, 3-the wave 
guide, 4-the heating cavity, 5-the 
mode stirrer. The electric current 
passes through the power supply 
and is converted from low voltage 
line power to the high voltages 
needed by the magnetron tube. The 
magnetron tube generates high fre
quency energy in its antenna, 
which passes into the long metal 
tube surrounding it, known as the 
wave guide. The microwaves then 
move along the wave guide into the 
top of the heating cavity where a 
slowly rotating metal fan, the mode 
stirrer, distributes the waves in an 
even cooking pattern. Incidently, 
the bottom shelf on a microwave 
oven is raised so the energy can be 
reflected from all possible angles, 
leaving no "cold spots". 
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Although microwaves have 
been studied for over 50 years, 
their first widespread application 
came in radar use in World War II. 
Today, the most common in
dustrial uses for microwaves are in 
communications relay systems 
and heating devices. 

The development of the first 
microwave cooking oven is 
generally credited to Dr. P. L. 
Spencer, during the mid-1940's. 
The basic designs and concepts 
that he developed are still widely 
used in the microwave oven in-

All substances do not heat up in a 
microwave oven. In fact, one of the 
novelty features of a microwave 
oven is that only the food is cooked, 
while the pots, pans or plates re
main cool. The notion of broiling 
meat on a paper plate is intrigu
ing .... 
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dustry today. 

The first microwave oven was 
introduced in 1947. Designed for 
reheating and reconstituting food 
in restaurants and institutions, it 
performed its functions, at best, 
tolerably. 

The first consumer models were 
introduced in 1955, and they too 
were over-priced under-achievers. 
A microwave oven began to be 
practical in 1960 when a 
magnetron tube was developed 
(see drawing) which was smaller, 

The key to understanding what 
cooks and what does not cook in a 
microwave oven is simply to realize 
which materials reflect, transmit or 
absorb microwave energy. Metals, 
for example, reflect microwave 
energy. This is why stainless steel 
was used for the interior walls of 
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IE~ss expensive and more reliable 
then previous tubes. Sales re
mained quite low until 1971 when 
constantly improving technology 
and lowered prices began 
c.a.tching the eye of the consumer. 
Sales until 1970 had totaled only 
75,000 units. Sales in 1971 alone 
exceeded 100,000 units. Total 
sales in the United States 
amounted to over $200 million in 
1973 and that figure will double in 
roughly a year and a half. 

The gold rush is on. 

rnost microwave ovens until it was 
discovered that acrylic coated steels 
were just as efficient, easier to 
dean and more aesthetically pleas
ing than stainless steel. These 
ntetal walls, constantly reflecting 
n1icrowaves, enable the electrical 
field in a microwave oven to change 
direction millions of times per 
second. Thus it can cook food. This 
is also why the walls of a 
n1icrowave oven do not get hot. No 
energy is absorbed, it is all 
reflected. 

Paper, china and many plastics 
transmit microwaves. Thus the ap
parent absurdity of cooking meat 
on a paper plate becomes not only 
possible, but logical if the cook does 
not want to wash dishes afterwards. 
Virtually all foodstuffs will absorb 
m.icrowave energy because they 
contain moisture. 

The microwave oven sounds like 
a dream-come-true for the harried 
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housewife, the rushed bachelor and 
the cook who does not want to 
waste time. The American lifestyle 
seems to be shifting from the wh~le 
family gathering around the dinner 
table at night for a big supper 
which took mom most of the after
noon to cook, to individuals eating 
convenience foods whenever thev 
get hungry. It was a logical e~
tension to provide convenience 
cooking as well as convenience 
foods. Apparently the microwave 
oven was the right product arriving 
at the right time. 

The industry paints a very rosy 
picture for its product. According to 
Richard Parrish, Public Relations 
Manager for Litton Industries, 
microwave ovens are indeed "conve
nience cooking." The microwave 
oven user "saves a great deal of 
time normally spent in cooking 
drudgery and the substantial 
amount of energy saved by using a 
microwave oven should not be over
looked." There are other overt ad
vantages to microwave oven use 
besides speed. Parrish goes on to 
point out that "restaurants love us; 
industry has, in many cases, saved 
tremendous amounts of money with 
microwaves and we have even been 
helpful in creating new jobs in the 
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food industry. And the price range 
is down to where the average mid
dle class American can afford to 
buy one as easily as he or she could 
afford to buy a color television set." 

There are dark clouds on the 
horizon however. One thunderhead 
is the looming economic recession 
which, if severe enough, could 
drastically affect the purchasing 
power of everybody. A more 
dangerous storm for the microwave 
industry does not come from a dark 
cloud at all, but instead is strangely 
reminiscent of a white mushroom 
cloud. It can be summed up in the 
word radiation, a word which 
usually produces a reaction of mis
trust, skepticism and downright 
fear from most people. 

It took the consumer a little time 
to realize that a microwave oven 
produces radiation. Although this is 
non-ionizing radiation the fact that 
all of it cannot be contained within 
the oven and a certain amount will 
always leak out brought a violent 
public reaction. This information 
was sufficient to virtually cripple 
microwave oven sales in Japan in 
1970. Massive advertising and 
public relations efforts were needed 
to revive the Japanese market 
although the effects of the 1970 

Litton Industries is the re
cognized sales leader in the 
microwave oven industry. Here is 
a conversation with Litton's Vice 
President of Engineering, Verle 
Blaha. 
Q-Where does Litton rank in terms 
of manufacture and sales of 
microwave ovens? 
A-We are the biggest in both 
areas. Litton manufactures about 
80°/o of the commercial microwave 
ovens sold in the United States 
and roughly 30°/o of those sold to 
consumers. 
Q-lf Litton sells more microwave 
ovens than any other manufac
turer, to what do you owe your 
success? 
A-It is probably due to the fact that 
all we do here is related to 
microwave ovens. We do not 
branch out and try to cover all the 
potential uses for microwave 
energy. In this division we con
centrate on one area-microwave 
ovens. Nothing else. 
Q-How has your engineering staff 
grown? 

panic are still being felt. Regardless 
of the convenience many people 
have become inexorably opposed to 
owning a microwave oven after 
they heard that magic word radia
tion. A Consumer Report article 
(April, 1973) noted the radiation 
emission levels of microwave ovens 
and announced that thev could not 
endure or recommend ~ny of the 
consumer models then on the 
market. Newspapers, magazines, 
radio and television news seem to 
delight in taking pot-shots at the 
microwave oven industry. Recently 
(February 1974) KSTP-TV 
slammed the microwave oven. 

In short, opposition persists in 
the United States that because 
microwave ovens leak radiation, 
they are unsafe for consumers. Does 
that situation, in fact, exist? Is 
there a real basis for concern or are 
the microwave-related injuries re
ported in the press merely a 
testimony of mankind's ever
increasing capacity for ignoring in
structions, being careless and mak
ing stupid mistakes? 

Next month, the second section of 
this article will deal with the ques
tion of microwave oven safety and 
we will try to establish what the 
facts are. 

A-We started in 1970 with about 
20 engineers. Now we have 
around 52. We have a controlled 
growth rate. We do not want to ex
pand too rapidly and spread 
ourselves too thin. 
Q-What would you say are the ad
vantages of a microwave oven? 
A-Size, cost and energy factors all 
work towards the microwave oven. 
Also there are more and more 
convenience foods available in 
the supermarkets. 

Q-Will the microwave oven ever 
be considered a necessity or will 
it continue to be an expensive lux
ury? 
A-1 guess that would depend on 
your lifestyle. Speaking for myself. 
I could live quite well with only a 
microwave and without a conven
tional range. But a mother or a 
grandmother might not want to 
give up the conventional means of 
cooking. To them it probably 
would never be "as good" as the 
old-fashioned way. no matter what 
you did. 
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by Richard Morey 

T he rocket blasted down, flames 
straining toward the sand in a 

mad effort to engulf all existance. 
And the sand leapt to the flame in a 
suicidal charge. Flame and sand 
met, in an embrace that obscured 
all. 

The flame stopped. 
Fused silicone, shaped by the 

blast, waited for the rocket like a 
bowl waiting for water. The settling 
sand too filled the bowl. At its edge 
the rocket's legs touched down, 
resting for a moment on the surface 
then sinking into the sand. Stand
ing with its legs seemingly growing 
out of the planet, the rocket looked 
as though it had taken root, taken 
root or started drowning in the 
sand. 

A ways from where the rocket 
had settled down was a small struc
ture, abandoned now, and falling to 
ruin. Sand, whipped by the wind, 
washed over it like waves, batter
ing and subduing it. Shortly beyond 
the structure came a school of peo
ple plodding toward the rocket. 
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~~Mars ain't the kind of place 
to raise your kids. In fact, it's 
cold as hell." Apologies to 
Elton John are in order; but 
for Ralph Johnson, Mars was 
not only cold and barren, it 
was home. However, for any 
pioneer there is always the 
threat of his frontier home 
vanishing .... 

Behind them stood more structures 
in differing stages of decay. 

Ralph Jackson's eyes walked 
along the footprints to where the 
colonists had collected around the 
rocket. Ralph thought of the foot
prints, little holes in the sand -
pockmarks on the face of Mars. His 
attention returned to the footprints. 
In the short time interval of one 
thought, the sand had almost com
pletely filled them in. The wind 
blew, rippling the sand, and 
together they erased the only in
dication that man had ever walked 
that part of Mars. Erased it, as they 
had so many times before. 

Ralph Jackson set off for the 
rocket, the sand filling his shoes, as 
it had so many times before. 

~~Ralph." It was a statement of ex
asperation. 

The little boy sat on a beat up 
chair in the kitchen, his wet dirty 
pants leaving a mark on the floor 
where they had lain. The woman 
emptied the sand out of a soggy 
pair of tennis shoes. HRalph, I swear 

you have got to be the dirtiest boy 
in town, always playing by the 
lake. Won't you ever stop making 
those sandcastles?" The last was 
said more to herself, the boy was 
keenly interested in his big toe 
sticking out of his stocking. 

One of the crewmen unhooked a 
bale from the crane, then, chewing 
gum in mouth, looked out across 
the Martian plain. ~~sure is a lotta 
sand, ain't it mister?" His remark 
was addressed to the nearest col
onist. 

~~sure is a lot of sand." 
The crewman looked to his side 

at the blank face which had 
mumbled the response. His chewing 
halted. ~~You all right mister?" 

The colonist stood for a moment 
then began in a monotone, ~~sure is 
a lot of sa-" 

~~Quiet John." Another colonist 
had come and started leading the 
first one off. ~~You'll have to forgive 
him." The new arrival lowered his 
head. ~~His family was killed in a 
sandstorm." 

The crewman stood, gum still, for 
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a moment. Then, shaken by the one 
man's loss, he felt a need to look 
after the colonists' safety. The 
crewman buttonholed a passing col
onist, "Wha'd ya do inna 
sandstorm?" The crewman's in
tensity caught the colonist off-

possibility of gold or oil, whispered, 
"No sir. What?" 

The colonist gently replied, 
"Sandstone." Then rose, laughing, 
to join his fellows who were doing 
the same. 

guard. nMister Smith, why are we here?" 
"Wha- Who- Why- What do you The veteran biology teacher pre-

me a n , W h at do I do i n a pared himself to answer the ques
sandstorm?" tion which had been asked so many 

"Wha'd ya do ... "The crewman times during man's life. "Well ... 
clarifying his point, " ... ta protect there are any number of explana
yourself?" tions. As I see it though," He looked 

"Oh, I see." The colonist grinned. out over the class to see if there 
"What do we do to protect our- were any objections to receiving his 
selves? We bury our heads in the interpretation. "The whole process 
sand." first started when life moved out of 

The crewman was still intensely the sea. The waves washing up on 
interested. "Then what?" some beach left behind a few 

The colonist walked away microscopic organisms. These or-
laughing. t'We suffocate." ganisms were left to survive in the 

A short distance away another hostile environment of the beach 
crewman watched sand sift through sand. Some died. Some washed back 
his fingers. A colonist crouched out with the next wave." He again 
next to him, placing a paternal looked at the class. Ralph had the 
hand upon the crewman's shoulder. feeling that Mister Smith was look
In a guiding tone he asked, "You ing right at him. "But, some stayed 
know what's under the sand boy?" on the sand. They survived there. 

The crewman, wondering at the . And from them sprang a new order. 
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Because of those little organisms on 
the sand, that's why we're here." 

('Comrade." 
Ralph came out of his dream. 

'':\!Iik. I'm glad you're not with the 
others." 

nDid you expect to find me 
there?" 

''No Mik. Not really." 
The other smiled and clasped 

Ralph's shoulder in an affectionate 
embrace. The two walked to the 
rocket together, kicking the sand 
clear before them. 

qJackson, you'd better do 
something about your people before 
nw crew does." 

''What da ya mean?'' 
The rocket's captain looked about 

him, then leaned a little closer to 
Ralph. ''Frankly Ralph, I think 
they're crazy. I mean it. It's a lot 
worse than last time I was up here. 
They're starting to put my crew on 
edge." 

''What are you trying to say?" 
The man who had come with Ralph 
stepped over to the rocket. ''Did you 

Minnesota Technolog 



forget the supplies?" 
The Captain turned to him. ((Food 

and building materials for sixty 
people." He glanced at the gathered 
colonists. ((But I don't think they'll 
be put to use." 

Mik looked at the Captain and 
then to Ralph. 

((What the Captain is trying to 
say Mik, is that in his opinion 
they've had it, they're washed up." 
Ralph stopped, trying to figure out 
why he'd used that phrase. ((Cap
tain, we're having a meeting 
tonight. I think you're going to 
have some passengers in the morn
ing." 

Flame leaped from the rocket as 
it struggled to escape the sand. 
Slowly the rocket fled, leaving 
behind a swirling confused mass of 
sand. As the rocket made it's way 
out of sight, the sand-cloud dis
sipated, as had the hopes and 
dreams of so many of the colonists. 

HI didn't think they'd all go." 
The four of them sat in the Mar

tian night, lost in the darkness that 
was crushing them. Four people. 
That's all that was left of the col
ony. Just four people. They were in
significant specks on the Martian 
sand plains. 

('Mik, why'd you stay?" Ralph 
leaned forward, looking at his 
friend. Searching for a hidden clue 
to his character. 

The big man across from Ralph 
thought for a moment. He was a 
strong man, both physically and in 
his determination. That last 
characteristic Ralph had come to 
appreciate greatly during the 
course of the colony's brief life. Mik 
had been a good Deputy Governor 
and in their attempts to realize 
their dreams for the colony he and 
Ralph had overcome all ideological 
barriers to become more than just 
close friends. Even if all else was 
lost, Ralph thought, at least they 
would leave with that. 

'Tm not sure how to say this, my 
reason for staying . . . " He looked 
to his wife for support. H ••• but I 
think it is because we are alike. We 
both know that Earth is a nice 
home. But in time the child must 
leave the home and become an 
adult, he must start a new life. 
That's why we're here, to start a 
new order of things." 

Mik' s last line struck a note of 
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familiarity somewhere deep in 
Ralph's memory. HI don't know Mik. 
Four seems like an awful small 
number for founding new orders." 

((There will be others. Give them 
time." Sonya had anticipated her 
husband's response and spoken for 
their hopes. She stood behind his 
chair, her arms draped over his 
shoulders. 

Funny, Ralph thought, there was 
Mik, big strong and determined. 
Right alongside him, inseperable, 
as it were, was Sonya. Little Sonya. 
Physically small she may be, but 
her dreams and determination were 
every bit as big as Mik's, her love 
for him even bigger. Whenever one 
seemed to be failing, the other was 
there to help him out. Ralph was 
thankful that they both had been 
there to help him out. 

((I hope so, Mik. If only we could 
get something, anything, to grow 
here ... it would be a great incen
tive to those on the borderline back 
on earth." Ralph picked up a 
handful of sand. ('But we can't get 
anything to grow in this sandbox." 
Ralph knew he was growing 
despondent, but what reason was 
there not to. 

('Comrade?" Mik gripped Ralph's 
shoulder. ''Tomorrow we will build 
a road to the landing site. We have 
enough extra supplies now, and it 
will be a sign for all who come that 
man has been here ... " Mik looked 
hard into Ralph's eyes, searching 
for a favorable response. '' .· .. and 
that he will stay." The two men 
smiled at each other, firm in their 
dream and their resolve to make it 
work. 

Ralph rose to see his friends 
leave. Mik, Sonya and their son 
headed for the light of their house. 
Ralph watched them go into the 
night, silhoueted by that light. Or 
was it, Ralph thought, another 
source of light that illuminated 
them. 

The Martian plains could get 
awful cold at night, especially if 
you weren't in the confines of the 
colony. Ralph looked out over the 
Martian plain, trying to see 
through the darkness. What were 
they doing here anyway? Mik, 
Sonya, their son and himself -
what were they doing? The four of 
them couldn't make the colony go. 
Of course there was always the 
possibility that Sonya was right, 
that more people would be coming. 

Some would be bound to stay, or 
would they? 

The wind, cold and hostile, 
charged across the Martian plains. 
Ralph shook from the force of the 
wind and from its chill. They were 
just little organisms, microscopic 
when compared to Mars. Ralph 
thought about that idea for a mo
ment, then he remembered: 

A little boy in wet dirty pants 
and tennis shoes filled with sand, 
stood all alone on the beach. It 
wasn't an impressive sight, just an 
insignificant little boy on the 
beach. But it wasn't just an in
significant little boy. Behind him as 
he left, was a trail of footprints, 
clearly marking that he had been 
there. Rising out of the once level 
beach was a small structure, a 
sandcastle, and the fact of its ex
istence made all the difference 
between an insignificant little boy, 
and a maker of worlds. 

The wind came again, and with it 
came a call. Ralph heard the call, 
sweet and soft and inviting. He de
termined its direction and then pro
ceeded to a small rise from which 
the call seemed to originate. On the 
other side of the rise was a small 
canyon. The wind blew. As it moved 
through the delicate canyon mouth, 
it called him in further. The sand 
rose, glittering, swirling, many 
hued in the Martian moons. Sand 
scurried about the canyon, gently 
chased by the wind. On the far end 
was a sand redoubt. Behind its 
sheltering wall was a small pool of 
water, around which were growing 
several plants. 

Ralph knelt down by the pool, 
his knees getting wet and covered 
with sand. The sky overhead was 
alight with stars. Ralph turned his 
head upward and addressed them, 
nSomeday. Someday. There's no 
beach too hostile." Then, rising to 
his feet he told himself, 'Tve got to 
tell Mik. A place where the wind 
doesn't blow so strong and plants 
can grow." 

Ralph was at the top of the rise 
on his way to tell Mik. He looked 
back at the canyon once more 
before leaving. Inside was a small 
mound of sand he had piled up, a 
rough sandcastle. From its top the 
light of the stars reflected like the 
beacon of a lighthouse - a 
lighthouse on a once barren beach. 
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by James M. Young 

0. n occasion, the future leaps 
out at us. 

For example, there is an or
ganization in St. Paul that wants to 
start operating commercial 
spaceflights before the end of this 
decade. The corporation, Space 
Merchants, Inc., is an offspring of a 
non-profit educational organization, 
The Foundation Institute. Space 
Merchants, Inc. hopes to construct a 
fleet of space vehicles capable of 
manned, orbital flight at a cost of 
thousands of dollars rather than 
the millions and billions needed to 
launch NASA spacecraft. 

How can such a saving be 
achieved? The answer lies in using 
currently available equipment and 
modern vehicle .design. NASA spent 
billions of dollars to develop the in
strumentation and equipment it 
used. Now some of that equipment 
is commercially available, and it is 
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obvious that the price for telemetric 
and computer gear originally de
signed and built in limited quan
tities for NASA will be cheaper 
when the equipment is mass
produced. (Such equipment, 
originally developed for the Gemini 
and Apollo missions, is now used in 
Boeing 7 4 7 s and other commercial 
vehicles.) Modern spacecraft design 
also allows for much cheaper or
bital flight. 

For building a spacefleet is no 
longer a problem in engineering. 
Remember that even the Apollo 
craft were designed more than a 
decade ago, and that a great deal of 
growth has taken place in space 
engineering during that time. The 
proposed Space Merchants fleet is 
modeied on a plan developed by 
NASA during the first two years of 
this decade. Each ship, in both the 
NASA and Space Merchants plans, 

PHOENIX B 

is a single-stage, Vertical Takeoff, 
'l ertical Landing (VTOVL) craft. 
1:Nhile a prototype model in both 
systems could use experimental 
(and fully reusable) solid-fuel 
boosters, the Aerospike engines 
used in both systems are so efficient 
that boosters are not really 
necessary. Since both these systems 
use liquid Oxygen-liquid Hydrogen 
as fuel, and since both could be 
used and reused as regularly as any 
airplane, some very large and effi
dent fuel plant must be built which 
will be able to mass-produce these 
cryogenic fuels faster than any such 
plant has ever produced them. The 
initial investment may be high, but 
the per unit cost of fuel will drop 
drastically below that current to
day. 

In 1971 the bill funding the de
velopment of this NASA proposal 
failed of passage. (The unmanned 
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OSIRIS 

satellite intended to take ((The 
Grand Tour" of the outer planets in 
1976 - the only year in this or the 
next century with a favorable win
dow for such exploration - was 
dropped at the same time.) So, with 
many modifications, Space 
Merchants, Inc. has adopted the 
NASA plan. 

There are three basic vehicles in 
the Space Merchants' fleet. 
Smallest of the ships, and the first 
to be built, will be the Phoenix 
class spacecraft. Phoenix will test 
the Aerospike plug nozzle rocket 
engine, and the VTOVL system 
that Space Merchants, Inc. de
signed. (The Space Merchants' 
ships have a heat-shield on the bot
tom, through which the ships' 
rockets protrude. In landing, the 
ships simply use their rockets 
rather than parachutes; all land
ings are intended to be controlled, 
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soft touchdowns.) Phoenix ships 
can carry a payload of 6000 pounds, 
with two crew-members aboard. 

Next in order of development is 
the Osiris spacecraft. Osiris will 
test an uprated version of the 
Aerospike engine, and will be capa
ble of carrying either 28 crew
members or 18,000 pounds of cargo. 

The cap to the program is the 
Sea Dragon vehicle. Sea Dragon 
will in a pinch be capable of lifting 
about 300,000 pounds of cargo, 
though it will normally lift only 
about 200,000. It will use a system 
of Aerospike engines, or if possible, 
either the low pressure Rocketdyne 
J-28 engine or the Space Shuttle 
Main Engine (SSME) developed for 
the NASA Space Shuttle. Sea 
Dragon has been specially de
signed in order to lift two modular 
space habitats per flight. These 
modules are called Eyrie class 
modules in the Space Merchants 
plan; they are intended for use as 
buildings blocks in the construction 
of space-stations, lunar bases or ex
traterrestrial private or commercial 
installations. 1 

Just how much cheaper would 
this system be than the only com
parable NASA program now 
planned, the Space Shuttle? Com
pared to the Space Shuttle, the 
Space Merchants program is re
markably inexpensive. Whereas it 
costs $300 million for each Space 
Shuttle, it will cost about $14.9 
million for each Phoenix A. This 
price is abnormally high because 
Phoenix A will be a prototype test 
vehicle; Phoenix B, designed 
without solid-fuel boosters, will cost 
about $7 million per vehicle. The 
Osiris will cost about $9.7 million 
each, and the Sea Dragon class 
ships will cost about $82 million a 
piece. 

One reason why the Space Shut
tle costs so much is that whole new 
systems must be designed for it; it 
is one of the unfortunate tendencies 
of the American government that 
where corners can be cut safely, 
they are not. It will also cost 
roughly $10 million for eC;lch launch 
of the Shuttle, since it uses non
recoverable boosters to get it into 
orbit. Thus it costs about $160 per 
pound to launch the Shuttle, as 
.::ompared to about $900 per pound 
for (the much heavier) Apollo craft. 
On the other hand, it will cost 
about $25,000 to launch Pl)oenix 

B, about $50,000 to launch Osiris, 
and roughly $250,000 to launch the 
Sea Dragon. (All these prices are 
in 1973 dollars.)2 These prices ap
proach the rate of one dollar per 
pound. 

It is fairly obvious that the pro
blem with the Space Merchants 
program is not one of hardware, but 
of finance. Beginning in January, 
Space Merchants, Inc. began to 
push for monetary backing. In the 
next few months, it will become ap
parent whether or not the financial 
incentives of the New Frontier are 
great enough to overcome the anx
iety of businessmen about the pro
ject. For without backing, the Space 
Merchants spaceflight program 
cannot get off the ground. That 
would mean that there would be a 
significant slow down in space ex
ploration in this country during the 
next few years. 

There are markets aplenty in 
space, and that is the message that 
Gary Hudson, Chancellor of The 
Foundation Institute and founder of 
Space Merchants, is bringing to 
business leaders and politicians. 
When I saw the first public an
nouncement of the Space 
Merchants program last month, 
there were five main markets 
Hudson pointed out. First, there is 
a great deal of money to be made by 
launching satellites cheaply, for 
telecommunications, weather 
forecasting and the like. With an 
inexpensive launch system, it 
should also be possible to repair 
satellites rapidly and easily. 
Hudson described one orbiting 
telescope launched in 1965 that, 15 
minutes after it achieved orbit, 
failed because a single 50 cent 
capacitor died. NASA or the U.S. 
government might pay well indeed 
to have that $50 million satellite 
repaired. 

Then there is the whole potential 
of manufacturing in space. The 
electronics industry, ball-bearing 
manufacturers, and many other 
concerns would be able to produce 
their merchandise better in a zero 
gravity or vaccum environment 
than they could on Earth. 

Third, there is the potential of us
ing space-stations as hospitals. 
Heart patients would find space a 
godsend; operations on people who 
were overweight might be possible 
in low gravity environments when 
they are impossible on Earth. This, 
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of course, is only one possibility out 
of many. 

Fourth, there is a vast tourist in
dustry in orbit. Reportedly one 
large, international hotel chain has 
already contacted Sapce Merchants 
about the possibility of setting up 
orbiting hotels. Someone must have 
a fertile imagination at that hotel 
chain - they no doubt have con
templated a honeymoon in zero 
gravity .... 

Then there is the potential of 
mining. Exploitation of space may 
begin to compete with Earth for 
some raw materials, especially if 
there is improper controlling of na
tional economies on Earth. 

Finally - though this was not 
mentioned in the public announce
ment of Space Merchants, inc. -
there are doubtless many ((x-factor" 
markets in space, that is, markets 
that can only be found once real 
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manned exploration of space starts. 
They may include such things as 
tapping the energy of the sun, find
ing some new biological informa
tion in space, or something totally 
unguessable today. 

The exploitation of space is a 
very real - and to some, a very ex
citing - possibility. But such ex
ploitation poses a thorny legal 
problem, to wit, who makes sure 
that something really dangerous to 
the lives of human beings on Earth 
- like putting a cobalt bomb in or
bit - does not take place? It would 
be very nice if things would proceed 
pleasantly in space, and without 
disturbance; but that is a highly 
unlikely outcome. There is likely 
going to be business - and interna
tional - conflict over use of 
celestial bodies. It all boils down to 
a question of who is actually 
responsible for what happens in 
space. 

There are two major legal docu
ments on this topic, both of them 
promulgated by the United Na
tions. The first is the Treaty on 
((Principles Governing the Ac
tivities of States in the Exploration 
and Use of Outer Space, Including 
the Moon and Other Celestial 
Bodies," ratified by all 92 members 
of the U.N. in 1967. The other is a 
convention on national liability for 
damage caused by spacecraft, 
passed in 1972. 

According to the 1967 Treaty in 
Article VI, ((The activities of non
governmental entities in outer 
space, including the moon and 
other celestial bodies, shall require 
authorization and continuing 
supervision by the State con
cerned."3 There is no proscription, 
as Time erroneously reported in 
covering the first Apollo moon
landing in its issue for 1 August 
1969, against making money with 
materials found in space or on 
celestial bodies. This whole aspect 
of space exploitation is neglected in 
the 1967 Treaty; indeed, the at
titude of the entire document is one 
of using space primarily for scien
tific research. A program like that 
of Space Merchants, I:nc. makes 
this attitude obsolete. 

There is a way around this dif
ficulty. If the 1967 Treaty were 
amended so that the United Na
tions would be able to grant 
Charters of Corporation - in the 
manner of the European nations 

during the 15th-18th centuries -
then certain areas in space or on 
celestial bodies could be set aside 
by the U. N. for exploitation by one 
firm. A certain fee would have to be 
paid by the firm for each extension 
of its corporate charter. The money 
coming in to the United Nations 
from this program could be used to 
inspect and maintain safety stan
dards on spacecraft, to police the 
vicinity of the Earth so that no 
violation of Article IV of the 1967 
Treaty - which prevents the place
nlent of atomic weapons in orbit 
n1ay take place, and to supervise 
navigation of spacecraft around the 
world. But such work would ac
count for only a small amount of 
the money coming in. The rest 
could be spent on the development 
of Earth; the U. N. might, by force 
of economics, become a boon to poor 
and rich nations alike. For space 
law must be a branch of interna
tional law - both the United 
States and the Soviet Union re
cognized this fact when they signed 
the 1967 U.N. Treaty. Since the U. 
l'L is the only active, quasi
governmental international or
ganization extant, it should serve 
as the headquarters for the 
promulgation of such law. In so do
ing, it would make possible a much 
better world. 

The fundamental problem facing 
the Space Merchants program is 
one of foresight. If enough people 
decide to back the plan, it can be 
done now. It means - especially if 
the United Nations corporate 
ch~rter idea were to be employed -
an improvement in the human con
dition, around the world, in the 
short-term future. But this promise 
does not mean that the plan will be 
approved or that the program will 
be developed. Approval and de
velopment - no matter how great 
the prospect for human progress -
'~Nill be made on the basis of how 
rnuch money can be earned from 
this venture. 

So it is that Space Merchants, 
Inc. are aiming precisely at the 
pocket-books of potential investors. 
At this time, in this country, it is 
an exciting move. 

1Source: "Basic Information: Commercial 
Space Operations," 19 January 1974. News 
release of Space Merchants and The Founda
tion Institute. 

2 Ibid., p. 12. 
3"Text of Treaty," US. Department of State 

Bulletin (26 December 1966), p. 953. 
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(Dedicated, Responsive, Knowledgeable 
people) Men with vision launched Univac 
and a new era. 

Today, some 30,000 Univac people throughout 
the world bring to their tasks superior 
scientific competence, technological skills of 
a high order, inspiration, and extraordinary 
imagination. 

They fill exciting jobs in a vastly exciting industry. 

They are found all over the world: scientists, 
technicians, sales representatives, assemblers, 
programmers, systems analysts, field engineers, 
accountants, marketing specialists. Men. 

If you are interested, write 

Women. All races. All creeds. 

Since the computer industry is in itself youthful, 
Univac people tend towards youth. Average 
age is near 30. But maturity and experience 
are present too. IV1any of those in on the 
beginning of Univac are still found in management 
research, the laboratories, the field, the offices 
and at sophisticated computer sites. Perhaps 
tracking a space satellite. Or helping to probe 
the causes of cancer. Or keeping a transportation 
system on schedule. 

Univac people are its most significant asset. 

Employment r\J1anager 
Univac Defense Systems Division 
P.O. Box 3525 
St. Paul, Minnesota 55165 
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The 
Colle 

In your line of work, odds are you need a pencil that writes 
with a super thin line. A line so thin that it can show a lot of 
detail in a limited space. Or crowd a lot of information on one 
small line. That pencil is the new improved Ultra-FINELINE from 
Sheaffer. Available in 0.3mm and O.Smm models. 

It's a mechanical pencil you can get technical with. The 
exclusive Floating Lead Protector won't wobble or allow the 
lead to rotate ... or break off. If it ever gets jammed with broken 
lead, you simply replace the Protector. You never need to repaint 
a lead or adjust the amount of lead exposed. And the 
Ultra-FINELINE even signals you when it's getting low on lead. 

The Ultra-FINELINE. It makes 
designing and technical drawing so 
much easier, we sometimes 
wonder how we designed it. 
without it. 0.3mm and O.Smm 
models. Just $2.98 to $5.98. (How's 
that for talking your language?) 
Floating Lead Protector 
replacements now available ... 
6 for $1. 

I. 6,500 scholarshipss 
2. s100 monthly allowance. 
3e Free flying lessons. 

Enroll in Air Force OTCe 

Con tact Prof. of Aerospace Studies. 

At Room 3 Armory, Univ. of Minnesota 
Phone: 373-2205 

Find Yourself A Future In Air Force ROTC. 



Computer applications to solve 
a variety of business problems. 
ITS provides immediate access 
to computer resources, three 
timesharing services, and a 
nationwide network. 

internati()nal 
tin1esharino· . b 
C( )fp( )fation 

ITS building, 
Jonathan Industrex 
Chaska, Minnesota 55318 

3018 Lyndalt~ Ave S 

315 14th Ave S E 331-6864 
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Packaging engineer from Michigan 
State University. She has recently been 
making cartons of merchandise iden
tify themselves electronically to the 
computers. 

Mechanical engineer from Michigan Tech
nological University. She designs intricate 
machines that spool film and must operate 
perfectly in the dark. Turning on lights to 
check them out would spoil the film. 

Chemical engineer from University 
of Rhode Island. She investigates 
possibilities for easier conversion of 
exposed film to finished pictures. 

Industrial engineer 
from University of 
Wisconsin. She has 
devised work-shift 
programs that take 
into account not only 
production require
ments but also per
sonal preferences in 
working hours. 

~ 

Architectural engi
neer from Tennessee 
State University. She / 
works on interior de-/ 
sign of Kodak market-
ing and distribution 
offices throughout the 
U.S.A. 

Mechanical engineer 
from Clarkson College of 
Technology. She com
bines physical and fiscal 
planning for new ma
chine rooms where movie 
film acquires its sound 
stripe. 

Industrial designer from Pratt 
Institute. She uses form, color, 
and graphics to relate the tech
nology of the personal camera 
to people and their sense of 
the appropriate. 

engineer from 
State University of New 
York at Buffalo. She is 
studying technical fac
tors in photo-processing 
plants that will be han
dling future films. 

Chemical engineer from 
Youngstown State Uni
versity. She recaptures 
silver and other film 

Mechanical engineer from Uni
versity of Minnesota. She de
signs and troubleshoots hy
draulic systems, bearings, and 
shaft seals. She is a specialist 
on friction, wear, and lubrica-/t;on 

Industrial engineer 
from University of 
Miami. Now pro
duction supervisor 

\

responsible for 
bringing together 
people, parts, and 
tools to satisfy de-
mand for those new 
Kodak movie cam
eras you see on TV. 

Mechanical engineer from Rochester 
Institute of Technology. With full re
sponsibility for scheduling and cost 
control, she designs equipment that 
provides production machinery with 
such essentials as compressed air. 

Chemical engineer from 
Youngstown State Universi
ty. Photographers don't mix 
chemicals much anymore. 
She makes a better product 
by the ton, packaged so it's 
never even seen. 

Electrical engineer from South Dakota 
School of Mines. Her machines are three 
stories high, a football field long, and 
work to the tolerances of an expensive 
watch in depositing emulsion layers on 
color film. 

Industrial engineer 
from The Pennsyl
vania State University 
with a mathematics 
degree from Huilter 
College of C.U.N.Y. 
Mathematically she 
analyzes the problem 
of maintaining proper 
color in photographic 
paper. 

This picture could be misleading. Engineering jobs at Kodak 
are not restricted to ladies. Whatever your sex, if you want 
to know about current opportunities in Rochester, N. Y., 
Kingsport, Tenn., or Longview, Tex., for mechanical, chemi-

cal, electrical, or industrial engineers, make yourself known 
to Eastman Kodak Company, Business and Technical Per
sonnel, Rochester, N.Y. 14650. 

Or just tell your placement office of your interest. 

An equal-opportunity employer m/f 



Trying to figure out the exact 
kind of engineering work you should 
go into can be pretty tough. 

One minute you're studying a 
general area like mechanical or elec
trical engineering. The next you're 
faced with a maze of job functions 
you don't fully understand. And 
that often are called different names 
by different companies. 

a few engineers. So we thought a 
series of ads explaining the work 
they do might come in handy. After 
all, it's better to understand the var
ious job functions before a job inter
view than waste your interview time 
trying to learn about them. 

terns. Manufacturing products. 
Selling and servicing products. 

This ad outlines the major types 
of work found in the Manufacturing 
area at G E. Other ads in this series 
wil1 cover the two remaining areas. 

We also have a handy guide that 
explains all three areas. For a 
free copy, just write: General 
Electric, Dept. AK-2, 570 Lexing
ton Ave., New York, N.Y. 10022. General Electric employs quite 

Basically, engineering at G E 
(and many other companies) can be 
divided into three areas. Develop
ing and designfng products and sys-

Manufacturing Engineering 
Manufacturing engineers plan and specify ex
actly how a product will be manufactured. 
They consult with design engineers to make 
sure a product design is producible effi
ciently and at competitive cost. They develop, 
design, provide and maintain the machinery, 
tools, processes and equipment needed to 
manufacture a product. And they plan and 
detail all the interrelated work procedures to 
be followed during each step of manufactur
ing. Requires intimate famil-
iarity with all aspects of 
the production fa
cility, including 
automation 
programs. 

Factory 
Management 
Factory fuanagers supervise a factory's work 
force, materials and machines. Their job is to 
meet production schedules while maintain
ing product-quality standards, plant efficiency 
and a favorable working environment. To 
do this, they consult with, and implement the 
plans of, manufacturing engineers, quality
control engineers and materials experts. 
They also deal directly with the factory's pro
duction workers on a regular basis. Thus, 
good interpersonal skills and the ability to 
manage large numbers of people are vital. 

Quality Control Engineering 
Quality control involves four kinds of special
ists. The Quality Assistance Engineer works 

~) COPI£5 
SERIALS RECORD GENERAL 

with marketing, engineering and manufactur
ing to coordinate the overall design and 
maintenance of all quality-related activities. 
The Quality Control Engineer takes quality 
standa(ds established for a product by the mar-
keting people, then plans and specifies all test 
requirements, inspections, audits and person
nel needed to meet these standards. He also 
works with manufacturing to make sure pro
duction facilities are adequate to meet 
quality standards. The Process Control Engi
neer is responsible for implementing the 

plans of the Quality Control Engineer. 
And for providing technical 

~:~~i'-.2'S:2~"'-o"""'~::.-"-"---,. help to manufacturing 
to resolve quality 

problems. The 
Quality Infor

mation Equipment 
Engineer either designs 

or purchases, then plans the maintenance of 
the quality-testing equi1pment. 

Materials M;anagement 
Engineers in Materials Management plan and 
control the flow of materials throughout the 
business cycle. They make sure all raw mate
rials, parts, subassemblies and finished prod
ucts are at the right place, at the right cost, 
at the right time. This involves scheduling 
factory production, planning and forecast
ing material requirements, and determining 
inventory levels. Also purchasing materials, 
directing material flow during manufacturing, 
and warehousing and shipping finished prod
ucts. Requires knowledge of products, pro
cesses and ability in areas such as logistics, 
mathematics and computer applications. 

ELECTRIC 
UN!VE SITY Of MINNE OTA 

LIBH~. lt:S An Equal Opportunity Employer 
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'' D.C. BURNHAM, CHAIRMAN 
WESTINGHOUSE 

8 ELECTRIC CORPORATION 

Hore are the facts. Oil and gas sup
ply 78 percent of U.S. energy needs. 
U.S. production of oil and gas has 
peaked out World oil and gas pro
duction will peak shortly. But de
mand for energy will continue to 
grow. 

If growth continues at its historic 4 
pe)rcent annual rate, we will use up 
alii our oil and gas in about two 
de1cades. 

The only viable, long-term solution 
to America's energy problem is a 
shift to an electric economy, one 
powered by nuclear energy and coal. 

Westinghouse, one of the world's 
major electric companies, is the 
leader in nuclear energy. We're 
also one of the world's most diversi
fiBd companies-with enlightened 
hil'ing and training policies. 

Talk with our campus recruiter. Or 
write George Garvey, Westinghouse 
Education Center, Pittsburgh, Pa. 
1 S221. An equal opportunity employer. 



The tires of most jetliners lose traction 
on a half inch of snow. 

That means runways must be kept 
free of snow and ice. Or airports must 
close and the planes land somewhere 
else. 

Which causes a lot of inconvenience 
for passengers. Strange hotels. Long 
lines. Missed relatives. And dreary 
hours waiting for better weather. 

But this winter the story may be dif
ferent. Because of Union Carbide's 
Runway De-leer. 

We discovered a new combination of 
liquid chemicals that penetrates a cov
ering of snow and ice and unglues it 
from the runway surface. 

So it can easily be pushed away_ 
It can also be laid down before a 

storm to act as an anti-icer. 
Last winter it was successfully used 

at over 20 busy metropolitan airports. 
This year we expect that more airports 
will be using UCAR Runway De-Icer. 

So now instead of just talking about 
the weather, people can do something 
about it. 

THE DISCOVIEIRV COMPANY 

For additional information on our activities, write to Union Carbide Corporation, Department of University Relations, 270 Park Avenue, New York, New York 10017. An equal opportunity employer. 
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(Dedicated, Responsive, Knowledgeable 
people) Men with vision launched Univac 
and a new era. 

Today, some 30,000 Univac people throughout 
the world bring to their tasks superior 
scientific competence, technologica~ skills of 
a high order, inspiration, and extraordinary 
imagination. 

They fill exciting jobs in a vastly exciting industry. 

They are found all over the world: scientists, 
technicians, sales representatives, assemblers, 
programmers, systems analysts, field engineers, 
accountants, marketing specialists. Men. 

If you are interested, write 

Women. All races. All creeds. 

Si nee the computer industry is in itself youthfu I, 
Univac people tend towards youth. Average 
age is near 30. E,ut maturity and experience 
are present, too. Many of those in on the 
beginning of Univac are still found in management, 
research, the laboratories, the field, the offices 
and at sophisticated computer sites. Perhaps 
tracking a space satellite. Or helping to probe 
the causes of cancer. Or keeping a transportation 
system on schedule. 

Univac people are its most significant asset. 

Employment ~/tanager 
Univac Defense Systems Division 
P.O. Box 3525 
St. Paul, Minnesota 55165 

I 



Editor 
Robert Pirro 
Art Director 

Kathy Lothspeich 
Production Manager 

Tom Kraemer 
Photo Editor 

Bob Hain 
Contributing Staff 

Jan Barrett 
Paul Burtness 

Rick Olson 
Laurence Yarosh 

Photography 
Kevin Strandberg 

Production 
Bertil Nielsen 

Bruce N. Wright 
Business Manager 

Dan Haak 
Advertising Manager 

John Hoch 

CREDITS 

page 9 photos by Mary Jones 
pages 19-22 photos by Kevin Strandberg 

MEMBER OF ECMA 

Publrshecl monthly October through May SeconrJ 

class postage pard at Mrnneapolrs Mrnnesota Offrce 

Room 2 Mechanrcal Engrneerrng Burldrng. Unrversrty 

of Mrnnesota. Mrnneapolrs Mrnnesota 55455 Tele 

phone 373 ·3298 Prrnter. Unrversrty Prrnters. 2818 

Como Avenue S E Mrnneapolrs. Mrnnesota 55414 

Publrshers Natrona! Representatrve Lrttell Murray 

Barnhrll Inc. 60 East 42nd Street. New York. NY 

10017 Member of the Engrneerrng College Maga 

zmes Assoctatton Chatrman. DarHel L Grtffm, Iowa 

State Unrversrty Subscrrptron rate. $5 00 per year 

stngle coptes 70a: Adverttstng rates avctilable upon 

request Any opmtons expressed herem are not nee 

essa11ly those of the lnstrtute of Technology or of the 

Untverstty of Mmnesota All ftctton or semt-flctton 

appearing m thts maqazme must not be construed to 

represent realtty or actual persons. llvtng or rtearl 

Copy11ght 1973 by the Mrnnesota Technolog Board 

All nghts reserved Reproductton 1n whole or tn part 

Without wntten permiSSIOn from the M1nnesota Tech

nolog Board IS prohibited No m1smterpretat1ons al 

lowed 

April, 1974 

minnesota april 
Official Student Publication of the Institute of Technology, umversity of Minnesota 

Vol. 54 

he echnolog Editorial 
Pages 

The try-me-you' Il-l ike-me department 

udent overnment at 
innesota: ow To 

Become A Closet Fascist 
Some facts and explanations about that 
maze which everybody knows about, should 
care about, and systematically ignores; stu
dent government. 

Laurence Yarosh 

e rrent J Outlook 
for luTe Students 

What the latest facts and figures are con
cerning starting salaries and the expanded 
job opportunities for engineering and 
science students. 

Robert Pirro 

The Highest Density of 
life where; 
Antarctic Pack Ice 

An interview with Dr. Donald Siniff, University 
associate professor of ecology & behavioral 
biology, concerning his Antarctic-based re
search on the Weddell seal. 

Robert Pirro 

Pay TV 
Pong, Computer Space and Space War are 
currently augmenting conventional pinball 
but soon their counterparts might totally 
replace the familiar silver balls, flippers and 
"when lit score 1 000". 
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I t 
The top brass at the Technolog were bitterly dis

apointed when the Board of Regents announced 
they had selected C. P. McGrath as the new 
University President. We were hurt because the 
Regents did not follow our advice and choose our 
candidate to succeed Mickey Moos. 

Last autumn, when the steering committee sent 
us our University Presidential nominating papers, 
(which reminded us of a sweepstakes ticket) we 
very carefully delineated what the next chief ex
ecutive should be. Realizing that the Board of 
Regents was our audience, we took great pains to 
make our presentation in the simplest possible 
words with lots of pretty pictures. My guess is that 
our downfall came when they could not fathom 
the follow-the-dots drawings. 

We first set down the basic prerequisites for any 
college President. The first rule was that the Presi
dent had to be anything but a woman. We all 
know what to expect from men. A woman presi
dent might be different. She could turn out to be 
calm, reasonable, fair, impartial, above petty 
politics, willlng to initiate practical reforms or 
might actually listen to students. Such unpredicta
ble behavior would revolutionize and cheapen the 
position of University President. 

A good college President must also issue gran
diose policy statements which sound magnificent 
but are meaningless and totally unfulfillable. He 
must be able to squeeze money out of the 
alumni and legislature by pointing out flashy 
University achievements in areas such as 
medicine and laundry research. He must be totally 
inaccessible so that students cannot identify him. 
This is a very important factor when militant stu
dent groups such as the Association of Non
resident University Students (ANUS) try to throw 
him out of his office. An optimum candidate 
would be one that was so unknown that nobody 
could even find his office, much less him. An ef
fective college President must also possess a 
totally illegible signature and, of course, have a 
masters degree in rubber stamping. A particular 
duty of the Minnesota job is to attend the Board of 
Regents meetings, issue public statements to the 
effect that you feel the Regents are actually impor
tant and you must constantly smile at Elmer An
derson. 

At first we were going to nominate our own 
Dean Swalin as he fit all of the necessary condi
tions for Presidential candidacy. But after spend-

ing a month trying to locate him, we concluded 
that Swalin must have died sometime during the 
winter of 1971 and that I.T. is now being run by 
two computers disguised as Richard Fortran, a 
mechanical ennineering professor, and Martin 
Snobol, a professor in theoretical statistics. 

Realizing that this system can work, the 
Technolog proceeded to nominate the perfect can
didate for the University of Minnesota Presidency; 
an IBM-360 named Hal Cobol. He fit all the 
necessary requirements for the job, except for the 
smile. As was th1a case for all University Presidents 
in the past, that smile would have to be painted 
on. 

It is too bad that the Regents did not follow our 
advice. With Hal at the controls, we would have 
had the ultimate University. 

ill f ail 
We had to laugh at the Daily of April 9 and the 

first installment of their article on prostitution. We 
did not laugh a.t the article itself, which was a 
good job done by Greg Breining (who incidently 
got his start writing for the Technolog) but at the 
thoughtless layout of that piece, especially when 
you turned to page 10. 

On the right hand side of that page, the article 
continues with these words "was in bed with a 
morals squad ·officer. They were both naked." 
Directly opposite this article on prostitution is an 
eye-grabbing aclvertisement, in bold type, with the 
headline "1 0 Reasons Why You Should Increase 
Your Advertisin~.~,. It was a Daily promotion ad and 
after reading such reasons as "Whether business 
is good or slow, you have to get your share of 
whatever business is around . . . In times of 
uncertainty, customers are careful and a little 
reluctant to spand ... Remember how long it 
took you to £Jet started? . . . You say your 
customers knovv you and for a while at least they'll 
keep coming in even if you don't promote? ... 
One thing you control is your own promotion.", it 
is a little difficult to retain a sober attitude in 
returning to read a serious attempt to educate and 
inform the Minnesota student about a social 
phenomenon which is a major force in virtually 
every other urban area in the United States. 

If I were the author of that piece I would be ex
tremely angry at the Daily Art Directors for their 
lack of foresight and common sense in insuring a 
decent layout for the article. If the female Daily Art 
Director could have taken a few minutes away 
from posing for the pictures used to illustrate that 
piece, or had the male Art Director actually tried 
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to comprehend what was going on, they would 
have been able to keep us from getting our laugh. 
That would have been all right with us. Our laugh 
was actually a sad one. 

I t 
We guess that E-Week must be right around the 

corner. We can only assume this, as the hunt for 
tangible evidence that a 1974 E-Week actually ex
ists is a difficult one. 

At the time of this writing, April 16, the 
Technolog has been unable to find out from any 
source, including the I.T. Student Board, about ex
actly what events and contests are planned for E
Week. It has always been an intriguing notion that 
an anonymous group, Plumb Bob, is entrusted to 
run a public event. This year though, the 
anonymity is spreading to the event itself. You 
know that the situation is bad when you see a 
poster about the homemade car race which lists a 
place to register and a phone number to call for 
information, and you go to that place and find 
nothing there and call that number and there is no 
answer. That is exactly what happened to us. 

E-Week over the last few years has become in
creasingly dull and stagnant. That is a real shame 
too because E-Week is a tremendous opportunity 
for all I.T. to give and share in some togetherness 
and real fun. The high point of last year's E-Week 
was the dropping of water-bombs and styrofoam 
confetti on the knighting of the Plumb Bob mem
bers. It was too bad that it was not a part of the 
planned program, as it was the most exciting 
event of the day. 

E-Week is what the participants make of it. 
Rather than silently, passively hoping for entries 
into unknown contests, a massive publicity drive 
should have begun in March to make engineers 
aware of what their day was going to be all about. 
Plumb Bob should start offering some real prizes 
for winning contests as those prizes usually have 
a strangely effective way of attracting interested 
entrants. Some new contests, like Space War, 
Pong and Star Trek competitions, bicycle races, 
obstacle courses, to name a few, also seem to be 
in order. 

We honestly wish E-Week our best and hope 
that as many engineers as possible participate and 
enjoy the week. But we cannot help but feel, deep 
down inside, that next year at this same time we 
will again feel the urge to write an editorial like 
this one. 

With luck, you will prove us wrong. I certainly 
hope that is the case. 

April, 1974 

WE CAN ENGINEER YOUR 
DEGREE INTO YOUR BEST 
CAREER OPPORTUNITY 

Don't blow four years of study for just 
any job! Spend 30 minutes more in
vestigating the hundreds of exciting 
challenges EMPLOYMENT COUN
SELORS and our 90 affiliated offices can 
offer you nationwide. 

Nationally recognized and small-but
growing employers all over the country 
have retained our services for the past 20 
years. They pay all our fees, interviewing 
and rnoving expenses, if relocation is in
volved. Our expert guidance and service 
DOES NOT COST YOU ONE RED CENT. 

Check us out with the Better Business 
Bureau or the State Department of Labor 
and Industry. You will find a Spotless 
reputation with both applicant and 
ernployer clients in our 20 years of 
service. It doesn't take a sliderule to dis
cover why EMPLOYMENT COUN
SELORS is referred to as "THE HOME OF 
THE PROFESSIONALS" by your peers. 

Are you engineer enough to challenge 
us or are you willing to settle for just any 
dead end non-challenging job that cornes 
along? \Ve can't turn straw into gold, but 
we can turn your hard-earned degree into 
a golden opportunity that will pay you 
extra dividends for rnany years to corne. 
Call EMPLOYMENT COUNSELORS now 
and ask for our RUMPELSTILTSKIN 
SERVICE to start your golden career 
search today. Call (612) 544-8601. 

EMPLOYMENT COUNSELORS 
SUITE 535 SHELARD PLAZA 
400 SO. COUNTY RD. 18 
(HWY. 12 & 18) 
MINNEAPOLIS, MINNESOTA 55426 

PHONE (612) 544-8601 
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Gould is a company of Proud 
Inventors, committed to new 
product development as our basic 
growth strategy. Our expertise is 
concentrated in four integrated 
technologies; electrochemical, 
electromechanical, metallurgical 
and electronic. The advertisement 
below, which appeared originally 
in THE WALL STREET JOURNAL, 
shows one example of the kind of 
projects going on at Gould. 

Our proud inventors have cre
ated a more efficient elec
tric heating element. Called 
Flexatherm, it's made from 
expanded metal/foil, formed 
into a latice design. This ex
poses a much larger surface 
area to the airflow. The surface 
temperature of the element is 
lower-in the black-heat range 
-and more heat is distributed 
into the heating system. 

Flexatherm offers greater 
overall heating efficiency, in
creased safety and an anti ci
pated longer operating life to 
manufacturers of forced air 
heating systems. For more in
formation. write Gould Inc., 
8550 West Bryn Mawr Avenue. 
Chicago, Illinois 60631. 

Computer applications to solve 
a variety of business problems. 
ITS provides immediate access 
to computer resources, three 
timesharing services, and a 
nationwide network. 

internati<)nal 
tin1eshar~ng 
corp()ration 

ITS building, 
Jonathan Industrex 
Chaska, Minnesota 55318 

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

BEMIS 
COMPANY, 

INCa 
(Minneapolis) 

3018 Lyndale Ave. S. 827-5304 



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. 

W S. Dickey Clay Mar:1ufacturing Company 
Post Office Box 6, Pittsburg, Kansas 66762 

'Dickey Clay will supply-free of charge-replacements for any clay p'1pe which has been damaged, destroyed ar impaired in service for a period of 100 years from 
contract date, if damage has been caused by corrosion or other chemical decomposition from acids, alkalis, sewage or industrial wastes (except Hydrofluoric Acid) 
or damage by rats or other rodents whether f:ipe is used for industrial, residential or general drainage purposes. Damage from improper handling, placement or 
trench loading is not ct>vered. 
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by Laurence Yarosh 

I t is election time on campus. 
The Daily is overflowing with 

words about the candidates for Min
nesota Student Association (MSA) 
President while hastily formed 
political parties distribute ex
tensive platforms. All this is 
destined to be forgotten soon after 
election day as the parties will dis
solve. 

Yet the most important policies of 
student government are made, not 
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by the MSA President, but by the 
unknown students who sit in the 
MSA Forum, the University 
Senate, and scores of committees 
and boards. In all of this activity, 
IT students have made a contribu
tion far out of proportion to their 
numbers and, sometimes, beyond 
the scope of the election rules. Here 
is a look at student government 
over the past nine months: 

MSA Forum. The Forum con-

trols the Minnesota Student As
sociation and its budget of $125,000 
per year. Although IT is allotted 
three seats in the Forum, four peo
:ple have assured us that they are 
regular IT representatives (see 
box). The past year has seen an 
endless series of confrontations 
between liberal MSA presidents 
and the 1nore conservative Forum, 
beginning with a threat to censure 
then president Steve Carter and 
continuing with president Kathy 
Kelly's description of the Forum 
rnembers as "closet fascists." 

That famous remark came as 
Kelly, angered over the Forum's re
fusal to endorse a series of political 
causes, walked out of a February 
Forum n:1eeting. In an interview, 
she maintained that the Forum has 
clone little for MSA. "They spent a 
lot of time on internal haggling this 
year," she claimed, arguing that 
"not one single project has 
originated in the Forum." In her 
view, MSA's business has been car
ried out by its executives, including 
the president, with little help from 
the Forum. 

Ron Ezuck, IT representative to 
the Forum, echoes many of Kelly's 
criticisms, accusing the Forum of 
"general apathy" and a great deal 
of petty quibbling." Greg Pelletier, 
lT representative and chairman of 
the Forum's budget committee, 
agrees. Deploring the lack of ac
tivity in the Forum, he told us that 
1nost con1mittees are controlled by 
one or two people and "are not very 
effective." Yet he placed much of 
the blame on the MSA executives. 
Instead of leading the Forum, he 
said, they operate by themselves 
and merely ask the Forum to ap
prove their monthly reports. If they 
'Nere willing to work with the 
Forum, he suggested, they might 
gain more cooperation. 

Mark English, another IT 
rnember, agrees that the Forum 
suffers from the iron law of 
oligarchy. There are "maybe four 
people who run the whole place" he 
told us. Yet English, who led the 
opposition to Steve Carter and 
authored the measures that 
curtailed Carter's spending power, 
argued that power comes only from 
having a knowledge of the issue 
and t'being there" when a decision 
is reached. 

Walt Lepisto, a fourth member of 
the IT delegation, emphasized that 
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Mark English 

Greg Pelletier 

Walt Lepisto 
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IT is allotted only three seats in 
the Forum and Student As
sembly, but four people claim to 
be IT representatives. They are: 
Mark English. English gained a 
wide reputation during two un
successfu I campaigns for Vice 
President of MSA. A Forum 
member for three years, he 
became involved in dormitory 
government as a freshman. 
Elected to the Forum in 1971, he 
served on the Student As
sembly's lntramurals & Ex
tramurals committee and its 
Small Grants & Budget commit
tee. As a senior, he served on 
the Senate Committee on 
Educational Policy and the Stu
dent Assembly's Student Rege"'t 
committee. In the past year, he 
was chairman of the Forum's 
Budget committee until January 
and is currently a student Re
gent, with the right to speak, but 
not vote, at meetings of the 
Board of Regents. English 
graduated in 1973 with a degree 
in Electrical Engineering and is 
now in Law School. 
Greg Pelletier. Pelletier, cur
rently chairman of the Forum's 
Budget committee, was elected 
to the IT Board in 1971 and 
became its secretary in 1972. He 
was elected to the Forum in 
1973. Pelletier is a senior in 
Chemical Engineering. 
Walt Lepisto. Lepisto has found 
his way into the Forum without 
ever running for election. 
Returning to school after an 
absence, he joined Kappa Eta 
Kappa fraternity and became 
their representative to the IT 
Board. When an elected Forum 

Ron Ezuck 

delegate resigned, he was ap
pointed by the IT Board to fill 
the vacant seat. Lepisto is a 
senior in Electrical Engineering. 

Ron Ezuck. Ezuck entered stu
dent government in his soph
omore year as an appointed 
member of the Assembly Com
mittee on Educational Services. 
In the same year he worked for 
the Tech Commission (pre
decessor of the IT Board) 
recruiting students for de
partmental governing commit
tees. Eventually appointed to the 
Tech Commission, he was 
elected in 1972 and became the 
Commission's president. During 
his junior year, he also worked 
on the University College Gov
erning Council and the Senate 
Committee on Resources and 
Planning. Ezuck ran unsuc
cessfully for the Forum in 1973, 
but assumed a seat when an 
elected delegate resigned. He is 
now a senior in Physics. 

Janice Tjebben. While IT's en
tire Forum delegation is 
graduating or leaving this year, 
several members of the IT Board 
will run for reelection, including 
its president, Janic.e Tjebben. A 
board member for three years, 
she was board Treasurer as a 
freshman and Vice President as 
a sophomore before becoming 
President. She currently serves 
on Assembly committees on 
Planning, Registration & Orien
tation and Libraries besides 
holding membership in the So
ciety of Women Engineers. Tjeb
ben is a junior in Chemical 
Engineering. 

Jan ice Tjebben 
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merely attending Forum meetings 
is not enough to participate in de
cisions - one must also join the 
Forum's committees and do the 
committee homework. 

What of the organization itself? 
MSA has fallen under criticism 
from students who see little return 
from the $1.15 they pay each 
quarter to MSA in student fees. 
Pelletier sympathized with the com
plaints, noting that 37 percent of 
MSA's budget goes for salaries and 
stipends of its executives. Ezuck ad
mitted that he was "hard pressed" 
to list any specific accomplish
ments. 

Kathy Kelly, when asked, was 
not so hesitant. The MSA Telecom
munications Corporation, she 
pointed out. provides access to 
audio-visual equipment for campus 
groups and is seeking a license for 
an FM radio station, providing a 
second news source as an alter
native to the Daily. The MSA Hous
ing Corporation has already 
purchased several buildings in 
Dinkytown for renovation and is 
planning to manage the Chateau 
apartment building in Dinkytown. 

The MSA Services Corporation 
runs the MSA Bookstore and, 
although the bookstore has been 
operating in the red for two years 
in a row, it is in the midst of setting 
up a St. Paul bookstore. 

Kelly has devoted considerable 
time to promoting child day care 
and it was MSA researchers who 
discovered a forgotten University 
Senate Task Force Report on 
daycare which has formed the basis 
for the proposal eventually pre
sented to the Regents. 

Student Assembly, et al. The 
Forum is not the limit of student 
government. The Forum sits, 
without the MSA executives, as the 
Twin Cities Student Assembly. The 
Assembly. in turn, combines with 
the faculty assembly to form the 
Twin Cities Campus assembly, 
which then combines with groups 
from the coordinate campuses to 
form the All-University Senate, 
spending a budget provided from 
University funds. 

The Senate and its sub-groups 
control the MSA corporations 
(although MSA provides the money 
for its corporations l as well as ex
ercising control over such U ni
versity issues as daycare and long 
range planning. A Senate task force 

10 

was the author of the daycare plan 
being considered by the University. 

Ron Ezuck took part in the 
Senate's 1972 attempt to provide a 
long range plan for the University. 
Ezuck was a member of a student 
task force studying the faculty
dominated document, Toward 1985 
and Beyond. The document recom-
mended that the University concen
trate on developing specialized pro
grams at the expense of liberal arts 
and that it develop outstate cam
puses. The student task force 
recommended that money be spent 
instead to upgrade the quality of 
present programs, especially by re
ducing class size. The battle over 
the form of the final Senate recom
mendations was never resolved, and 
both documents were shelved. 

IT Board. Organized separately 
from MSA and the Senate bodies, 
the IT board deals with college
level concerns. Smaller than the 
Forum, it manages to avoid the 
acrimony of campus wide politics. 

The closest the Board has come to 
a bare-knuckles fight is their con
flict with the CICS department over 
the basement of Main Engineering, 
due to be vacated by the bookstore. 
CICS had originally planned to re
quest the entire space for offices, 
but agreed to submit a joint plan 
with the IT Board, dividing the 
space between offices and a student 
lounge. Board members warn that 
student pressure is still needed, lest 
CICS gobble up the entire space or 
the English department launch an 
invasion from their second floor of
fices. 

This year's round of budget 
retrenchment presented a crisis for 
IT as a whole, and board president 
Janice Tjebben organized a series of 
meetings with University vice presi
dent Albert Linck to argue that IT 
was more vulnerable than other 
colleges to further budget cuts. 
When the budget cuts were an
nounced, IT was cut the least of any 
college. 

The new proposals for per-credit 
tuition have provoked the board's 
opposition. CLA students are cur
rently allowed to take all courses 
offered by the Math, Physics, 
Chemistry and Architecture depart
ments. Thus math majors, for ex
ample, may be tempted to pay the 
lower CLA tuition for three years, 
and transfer into IT only in the 
senior year and qualify for an IT 

diploma. The financial incentive, 
while significant now, would be 
even greater under a per-credit tui
tion plan. 

Participation in Student Gov
ernment. Student government is 
eventually a function of the people 
who make it up. CLA, which has 
six vacancies in its Forum delega
tion and a high absenteeism rate 
among the remainder, does not 
have as much influence for its size 
as IT, which has four delegates 
squeezing into its three seats. 
Kathy Kelly, bemoaning the 
Forum's lassitude, concluded, "It 
needs, more than anything, people 
who reallv care." 

Those ~ho care are drawn into an 
endless array of boards and com
mittees, ranging from the 
University Senate to departmental 
grievance committees within IT. 
Most ·committees will accept mem
bers who have not been elected to 
the correspondent parent group. 
For the participants, the obstacles 
are significant, ranging from com
plicated parliamentary maneuver
ing to frustration with the ad
ministration's inertia. Walt Lepisto 
described the plight of students 
sent to fill vacant CLA seats in the 
Forum like replacements in the 
front lines of an army: "The old 
timers know how to manhandle 
people." he told us. New members 
are awed by the proceedings, 
become "lost in the fog" and finally 
quit attending. "You must be ag
gressive" to have a voice in the 
Forum, he warned. 

Mark English described the set
backs and delays of campus politics 
and issued a warning: ~'People who 
take it seriously don't last - they 
resign out of frustration." The re
sults of an effort may not be seen 
until several years after the project 
ends. 

Yet there are rewards. "Student 
government is interesting," Lepisto 
told us. "You get to know what's go
ing on." Pelletier was more positive. 
"I learned a hell of a lot," he said. 
"It helps in understanding other 
people's ideas." As chairman of the 
Forum's budget committee, he has 
been exposed to all the pressure 
and lobbying that surrounds the 
distribution of money. But the final 
rationale was given by Ezuck. "You 
have a feeling that at least you're 
in there trying." he said. "At least 
I'm trying." 
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by Robert Pirro 

T he present job market for 
engineers and scientists is 

dramatically improved over last 
year. This is the message received 
from such sources as the Engineers 
Joint Council's Demand For 
Engineers Survey, the College 
Placement Council's (CPC) Salary 
Survey, Dr. Norman Ceaglske, 
Director of the I.T. Placement Of
fice and I. T. Assistant Dean, Paul 
Cartwright. All indicators point 
towards increased job offers and 
higher starting salaries for 
Institute of Technology graduates. 

The Engineers Joint Council's 
survey reveals that in 1973 there 
was an average increase of six per
cent in the number of jobs available 
to college graduates. That figure is 
expected to rise during 1974. The 
CPC Salary Survey states that col
lege recruiting activity is continu
ing to accelerate and that engineer
ing majors are the most sought 
after graduates. According to the 
survey, nat the bachelors level, 
engineering disciplines showed im
provement in volume of almost 50 
percent." It goes on to say that "at 
the master's level, the number of of
fers in engineering rose 40 per
cent." 

These findings were echoed by I. 
T. Placement Office Director, Dr. 
Norman Ceaglske. According to Dr. 
Ceaglske, twice the number of com
panies were interviewing can
didates during the 1974 winter 
quarter than were interviewing in 
winter quarter 1973. "Generally, 
the offers average out to about two 
per student, starting at over $1,000 
per month" said Ceaglske. He also 
pointed out that of the 60 fall I.T. 
graduates that worked through and 
kept in contact with the Placement 
Office, 49 landed jobs, seven went 
to graduate school and only four 
were unable to find employment. 

Locally, all the engineering dis
ciplines seem to be experiencing in
creased job demands and pay in
creases although Ceaglske points 
out that ~'civil's pay is a bit low." 
Ceaglske concludes that math, 
chemistry and geology are not in 
demand, but the other areas are re
verting back to the early 1960s in 
terms of hiring. 

Here is a capsulized progress re
port on some of the engineering and 
science fields. The figures stated 

here are from both the Engineer's 
Joint Council survey and the CPC's 
survey. The figures are based on 
national averages and trends. 

Aeronautical Engineering fin
ished relatively low in terms of 
monthly salary offers. The average 
monthly salary, $956 per month, 
was a 5.3 percent increase over last 
year. The Engineers Joint Council 
reports that ae:ros were the only 
engineering group to show a consis
tent pattern of retrenchment in in
dustry jobs. There was a two per
cent net loss of jobs for aeronautica~ 
engineers over the last year. 
However, top dollar is still being 
paid in the aerospace and compo
nents industries, if you can get the 
work. 

Chemical Engineering still 
commands the highest average 
starting salary for B.A. candidates 
with $1,021 per month, a 6.4 per
cent increase over last year. The 
masters degree also draws top 
starting salary among the 
engineering disciplines with their 
monthly average of $1,149. PhD 
candidates are pulling in a monthly 
average of $1,508, a salary which 
falls just behind that of electricals. 
The last 12 months show a seven 
percent overall :rise in the number 
of chemical engineers employed. 
Average salaries of over $1,000 a 
month are usually found in areas of 
petroleum, merchandising services, 
chemicals & drugs, building 
materials, packaging, food & 
beverage processing, metals and 
electrical machinery. 

Civil Engineering brings up the 
rear in ter1ns of average starting 
salaries unless you work for the 
federal government or are in what 
is termed <(Engineering tech
nology." The B.A. average was $945 
although the average salary raise 
was a respectable 6.2 percent and 
the job rate expanded seven percent 
over the past year. Salaries for 
ci vils on the masters and PhD 
levels are also lowest in the 
engineering fields, with $1,072 
and $1,393 for the masters and PhD 
:respectively. 

On the B.A. level only petroleum 
and chemicals were areas in which 
a civil could be confident of making 
$1,000 a month. Fairly strong 
showings were in areas of tire & 
rubber, glass & paper packaging, 
banking & finance and mercnandis
ing services. 

Electrical Engineering employs 
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more engineers than any other 
engineering major in the United 
States today. Electricals with a 
B.A. earn a starting average of 
$967 a month, a five percent in
crease over last year. This ranks 
them behind chemical, mechanical 
and metalurgical engineers in 
terms of starting salaries. On the 
masters level the average salary is 
$1,121, second only to chemical 
engineering and the PhDs outearn 
all other engineers with an average 
of $1,525. Despite already having 
the largest engineering work force 
in the country, the job market for 
electricals increased a healthy 6 
percent last year. The most 
lucrative fields include merchandis
ing, chemicals & drugs, food & 
beverage processing, automotive & 
mechanical equipment, building 
materials, petroleum and glass & 
paper packaging. 

Mechanical Engineering is 
third highest in average starting 
salaries for B.A. degree candidates 
with a $981 a month average. This 
is a 6.4 percent raise over the last 
year with an increase in jobs of 9 
percent, which is the highest rate of 
job increase for engineers. The post
graduate salary average was ade
quate but by no means outstanding. 
The masters candidate averaged 
$1,104 per month and the PhD 
averaged $1,456. In both levels, 
mechanicals trailed electrical and 
chemical engineering in average 
earnings. 

The highest paying industry for 
mechanicals is petroleum, followed 
by glass & paper packaging and 
chemicals & drugs. A mechanical 
engineer should not have to starve 
if he or she enters merchandising, 
automotive & mechanical equip
ment, building materials, electrical 
machinery, metals or tire & rubber. 

Metalurgical Engineering cov
ers a wide field of engineering 
specialties. This group averaged 
$994 per month, second highest 
average salary in the B.A. level for 
engineers. This salary figure 
represents a 7.9 percent salary 
raise in the last 12 months. Masters 
candidates averaged earnings of 
$1,124 per month while the job 
II}.arket on the whole showed a six 
percent rise in jobs. 

In reporting on the sciences no 
figures were available on many 
areas and no data was available to 
comprehensively treat the number 
of jobs gained or lost in some fields. 
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Agricultural Sciences had an 
average B.A. starting salary of 
$770 a month, a 6.1 percent in
crease over the last year. Masters 
degrees brought horne an average 
of $985 a month. Only mathematics 
earned less at this level. Top dollar 
for agricultural engineers seems to 
lay in glass & paper packaging, 
local & state government, non
profit organizations (and schools) 
and electrical equipment & 
machinery. 

Biological Sciences finished 
. dead last in earnings among all the 
engineering and sciences mentioned 
here. They averaged only $723 per 
month for a B.A., which neverthe
less was a 7.1 percent increase in 
salary over the past 12 months. 

Chemistry finished third highest 
in science earnings with an average 
of $869 per month for a B.A. and 
$1,133 a month for the masters. 
This figure led the sciences in earn
ings. While chemists earned the 
most of any scientist on the masters 
level, a PhD placed second in earn
ings with a $1,417 per month 
average. The overall job rise was 
5.2 percent. 

The earnings range for chemists 
is remarkably consistent as most 
fields pay quite well. Petroleum, 
glass & paper packaging, building 
materials, aerospace & electronic 
instruments, chemicals & drugs, 
utilities, research & consulting all 
seem to pay fairly well for the 
chemist. 

Computer Science (CICS) led 
the B.A. science field in earnings 
with a monthly average of $893, 
which is only a 3.5 percent increase 
from last year. A masters candidate 
averages $1,102 a month, which 
places third in that category. 

A CICS major should choose a 
career carefully. He could live com
fortably working in aerospace elec
tronics & instruments, automotive 
& mechanical equipment, chemicals 
& drugs, electrical machinery, tires 
& rubber and metals. That same 
CICS major could starve working in 
banking or for the state or federal 
government. 

Health Sciences showed rel
atively poorly in earnings. The B.A. 
averaged $763 per month with a 
mere 3. 7 percent increase in salary 
during the last year. The only lower 
average starting salary was in 
biology and the only percentage of 
salary raise that was lower was in 
CICS. 

Mathematics averaged $842 per 
month for the B.A. student, which 
is a four percent increase over last 
year. The average earnings for a 
masters degree was $964 per 
month. To earn this type of money 
the mathematician would have to 
take a job in automotive & 
mechanical equipment where the 
average starting wage is over 
$4,300 more per year than if that 
same person were to work for a 
local or state government. The 
mathematician could also live com
fortably when employed in the 
areas of public utilities, electrical 
equipment, aerospace electronics & 
industries, and public accounting. 
The math major could get hungry 
quickly when employed in 
merchandising services or glass & 
paper products. He might make 
more money on welfare than work
ing in banking or for the federal 
government. 

Other Physical & Earth 
Sciences can expect an average 
starting salary of $884 per month, a 
6.5 percent raise over last year. 
That is the second highest raise and 
salary total among the sciences 
listed here. 

With the brighter salary and hir
ing pictures emerging for engineers 
and scientists, this question comes 
up; is the hiring boom due to 
greater industry demand or to the 
lower number of engineering ma
jors graduating? Dr. Ceaglske feels 
that the increased job opportunities 
for engineers are due to a combina
tion of both elements. Assistant 
Dean, Paul Cartwright, brought out 
the point that although the enroll
ment in I.T. has dipped for the last 
few years, this retrenchment will 
not be keenly felt until the next two 
or three years. I.T. enrollment 
figures show 988 freshmen enrolled 
in I.T. in the fall of 1970. That 
figure dropped to 615 freshmen in 
the fall of 1972. "Industry is aware 
of the long-term decline in 
engineering college enrollment 
around the country" says 
Cartwright, ''and they are probably 
preparing for that decline by hiring 
right now." Cartwright adds that 
"since industry expects to grow and 
anticipates their needs in advance, 
they are beginning to hire right 
now to fill the quotas they will need 
two or three years from now." 

So think twice before transfering 
to CLA. As an engineer or scientist 
you stand to be in demand again. 
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An interview with Dr. Donald 
Siniff who is heading a research 
project studying Weddell seals. 
Most of the research is done in 
the seal's Antarctic habitat. 

Dr. Donald Siniff is an Associate 
Professor of Ecology & Behavioral 
Biology at the University. For the last 
six years he has spent a great deal 
of time in Antarctica engaged in re
search dealing with the Weddell 
seal. Here is a conversation with Dr. 
Sin iff. 
Q-How are studies like your An= 
tarctic research funded and 
coordinated? 
A-The Antarctic studies for all 
scientific areas, for biology, 
glaciology, geology, upper at
mospheric physics, are funded 
through a National Foundation of 
Science office called the Office of 
Polar Programs. Polar Programs 
contracts to the military for logistic 
support while we are down there. 
They also contract to a private con-
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tractor. 
NSF pays the total tab. In other 

words, they pay the navy, air force, 
and private contractor for our sup
port down there. The money that is 
in our grant to the University of 
Minnesota takes care of some 
salaries and the equipment that we 
use at the University. 
Q-Are there any international 
agreements governing research 
in the Antarctic? 
A-The Antarctic comes under 
what is known as the Antarctic 
Treaty. This was ratified by the 
United States in 1961. Now there 
are 17 member nations. The An
tarctic Treaty sets the Antarctic 
aside for scientific research. 
Period. It contains an open inspec
tion clause, in other words, any na
tion can come at any time to a 
United States base and inspect any 
files, see anything we have there. 
Likewise, we can do the same to 
any other nation's base, providing 
you go through the appropriate 
diplomatic channels. 
Q-What sort of working at
mosphere do you have with the 
Antarctic Treaty? 
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A-It is very much an international 
atmosphere. This is the intent of 
the treaty. We work very closely 
with the United Kingdom scientists, 
Argentine and Chilean scientists in 
the area of marine mammals. We 
also have a scientific exchange 
program in which an American 
scientist spends winters at a 
Russian base every year, so it is an 
international type atmosphere. 
Q-ls your research on the Wed
dell seal the first source of in
formation on this species or have 
there been previous studies? 
A-No, there has been quite a bit 
of work done with the Weddell. We 
have a pretty good basis of in
formation available on this 
particular species. Seal census 
work had been started in 1962 and 
we picked up where the previous 
studies had left off by designing a 
more rigorous statistical design for 
getting seal density estimates. We 
have continued along that vein and 
now we have the techniques pretty 
well standardized. Using helicopter 
support we can obtain pret
ty reliable estimates of seal popula
tions. 
Q-Which is the American base 
from which you center your opera
tions in the Antarctic? 
A-McMurdo station, which is the 
largest United States base. In the 
summertime it holds up to 1,200 
people. About 1,100 of those are 
logistic people supporting about 
100 scientists in various areas. 

Q-Where specifically did you re
search the seals? 
A-Since late 1968 we started at a 
small spot about 12 miles from 
McMurdo station, called Hutton 
Cliffs. Here the seals haul out on 
the surface of the ice and have 
their pups. This happens every 
year around the end of October. 
We have been centered at this col
ony since 1968, pretty much detail
ing the social structure of the col
ony and trying to relate how the 
social structure and the physical 
characteristics of the environment, 
the ice cracks, may relate to the 
number of seals we see there. 

Around the McMurdo station 
area there is one species of seal, 
the Weddell, which is an ice seal. It 
lives in very heavy pack ice. 

Q-What is pack ice? 
A-The Antarctic continent is a 

true continent. It is not like the 
Arctic in that the Arctic is an ocean 
surrounded by land. The reverse is 
true in the south. It is a continent 
the size of the United States and 
Mexico, covered by a great big 
sheet of ice. Occasionally little 
points of land stick out above the 
ice and that is where bases are 
built. McMurdo station is such a 
base. It is located on an island. 

Now to explain pack ice. This big 
ice shelf, which covers the conti
nent, streams off at the edges so 
you have an ice front around the 
continent which breaks off 
periodically. Large icebergs float 
out from the continent itself for up 
to a couple of hundred miles. Six 
hundred miles in the wintertime. 
This area is what we call the area 
of pack ice; sea ice which freezes 
annually, melts, receeds in the 
summer and re-freezes out in the 
winter. 
Q-What sort of biology exists in 
the pack ice region? 
A-The sea there is very rich 
because the nature of the ocean 
water causes upswelling of the sea, 
bringing nutrients up from the bot
tom. Since the waters are rich in 
nutrients you get, as a result, large 
growths of phitoplankton, mostly 
diatoms, which occur in the water 
in large blooms. The next species 
up the food chain is a little crusta
cean, the krill, which is about two 
inches long. It eats the diatoms. 
Then above it live many 
vertebrates. Crabeater seals, 
penguins, and some whales feed 
off the krill, so this area is ex
tremely rich in life. 

This system is unique in that it 
has a very short food chain con
sisting of nutrients, phitoplankton, 
krill and vertebrates. There is only 
one species of krill. Then you have 
many species of vertebrates living 
off • a very few species which are 
lower links on the food chain. 
Usually it is the other way around. 
And nowhere else in the world can 
you observe, as you do in the pack 
ice, the densities of life we ob
serve. 

There are no land animals, only 
some microorganisms in the fresh 
water lakes. In terms of plants 
there are very few species, mostly 
lichens. There is one species of 
grass in the entire continent. It is a 
pretty barren spot except for what 
we want to see. 

15 



a-Where does the Weddell seal 
fit into this biology? 
A-The Weddell seal occupies the 
habitat which is closest to the con
tinent and the pack ice, or fast ice, 
does not melt until late January. 
When a crack occurs in the ice, 
and tide cracks often occur along 
a point of land, the seal will start 
working on this tide crack and 
makes the hole bigger so it can 
breathe. It holds the hole open by 
constantly chewing at it. So this is 
his habitat. 

a-Do the Weddells have any 
enemies? 
AQNot this particular seal. The 
general enemy of seals in the An
tarctic is the killer whale. Out in 
the pack ice he eats crabeaters, 
but the Weddell is so far inland 
that killers can only come in late in 
the season, if at all. 
Q-How quickly does your re~ 

search proceed and what sort of 
pace do you set for examining dif
ferent areas? 
A-We have a long term invest
ment. We have a continuing grant 
from the NSF which is scheduled 
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to continue through 1978 but there 
are many other areas which bear 
investigation. We proceed pretty 
deliberately. Every year we have 
certain objectives and we go down 
there with the intent of fulfilling 
just these objectives. For the last 
two years we have been concen
trating on the size of the territory 
for males. For us this is a rather 
important factor. This year we will 
take a look at the female in relation 
to these underwater territories. We 
have pretty much measured what 
those territories are, now we wi II 
look at their movement as well as 
starting the experimental man
ipulation of density. 
a-Are just biologists employed 
in this research or are other dis
ciplines applied? 
A-Our program is very much a 
multi-disciplinary program. Every 
year we take an engineer down to 
Antarctica with us. This support 
comes from the Cedar Creek 
Bioelectronics Laboratory. We 
have two graduate engineers and a 
technician which not only help this 
program but all the other programs 
in terms of telemetry. They help us 

set up various electronic devices, 
implants for measuring heart rates 
for example, and they also assist in 
getting such things as underwater 
television to watch the seals under 
the ice. This is a very important 
part of the program because it al
lows us to collect data which we 
could not get any other way. 
Before we set up the television 
cameras down there we used 
scuba gear to dive under the ice 
and watch the seals. This is one 
way of researching but it has its 
limitations because the water is so 
cold that the divers could only stay 
down 30 to 45 minutes at a time 
and the seals were watching the 
divers instead of doing what seals 
normally do under the ice. So 
television allows us to truly study 
the seals and view firsthand such 
things as how the pups learn to 
swim. Under the ice is where all 
the seals interaction occurs, in
cluding the breeding. What goes 
on under water is quite different 
from what goes on when they are 
on the surface. 
a-Do you plan any experiments 
in your research? 
A-We are now looking at some 
experimental procedures whereby 
we can manipulate density in rela
tion to the number of holes in the 
ice. We will try and measure the ef
fect of crowding on things like 
alternate year pupping and the 
female reproductive pattern. 
a-What other mechanical re= 
search techniques do you use? 
A-We also use sonic tags to posi
tion the seals under the ice, so we 
can find out where they move in re
lation to the tide cracks. The type 
of information you get from tag
ging is long-term population data, 
demographic data which you can 
put into life tables. Three years ago 
we began tagging females in rela
tion to our studies at Hutton Cliffs 
and the frequency of pupping 
among females has turned out to 
be a very interesting area. Weddell 
seals are physiologically capable of 
pupping every year but for some 
reason this particular population of 
seals has a great deal of alternate 
year pupping. Some pup every 
other year and some skip two years 
in a row. The question is why. This 
is one particular area in which we 
are looking right now. 
Q-Do you have any idea why 
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alternate year pupping occurs? 
A-Over the years we have worked 
there we are proceeding to un
derstand some of the population 
phenomena that goes on. We still 
do not fully understand why some 
females have pups every other 
year. They may breed and the 
fertilized egg does not implant, or 
it implants but aborts. There is 
some physiological phenomena 
that goes on. The population we 
study Is a closed population with 
three to four thousand animals in 
the region and very little exchange 
between this and other regions. 
Something, probably an interaction 
between the seals themselves and 
their environment, levels their 
population. 
Q-What do you feel is the overall 
significance of your work? 
A-1 am not sure if you are familiar 
with the history of marine mam
mals in this country. Marine mam
mals in general have become very 
important in the minds of the en
vironmentalists as well as other 
people within the last four years. In 
October, 1972, Congress passed 
the Marine Mammal Protection Act 
which set up a commission, a 
group of scientific advisors, which 
review applications from people 
who want to have anything to do 
with marine mammals. It has con
trol over exports and imports, and 
over marine mammal products. 
There is a moratorium on these 
right now. It is set up so that if you 
want to work with marine mam
mals you have to go through quite 
a procedure to get a marine mam
mal protection permit. 

Prior to this in February of 1972, 
because of the concern for marine 
mammals in general and because 
nations are interested in harvesting 
Antarctic seals, a convention was 
convened in London which pro
vided for a new treaty covering the 
exploitation of Antarctic seals. It is 
called the Convention For The 
Conservation of Antarctic Seals. 
Under this treaty guidelines were 
set up in the event anybody wanted 
to kill Antarctic seals for fat, skins 
or for meat. A scientific body was 
set up to review applications for 
those who wanted to kill, to collect 
biological information, establish 
quotas, establish procedures, to 
tell the nations when quotas were 
going to be exceeded and to tell 
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the nations when to quit. At this 
convention, in order to set these 
regulations, much information was 
needed. Our work helped in this 
respect. There has been a great 
deal of public concern about An
tarctic seals in general and 
hopefully our programs have con
tributed to setting guidelines for 
protecting these resources. 
Q-What is your view regarding 
the harvesting of seals? 
A-Sometimes we have a conflict 
between the conservationists on 
one hand and the scientists on the 
other. Some of them want a total 
ban on the killing of seals. 
Personally I have no strong feel
ings one way or the other. Take 
Norway for example, which has a 
history of sealing, and has been liv
ing off the northern fur seals and 
seal products for years and years, 
yet the seal stocks themselves are 
in pretty good shape. So there is 
some appreciation for this view
point. Essentially what the scien
tific view would allow would be to 
harvest these resources in a way 
that would not harm the ecosystem 
and allow a natural replacement 

for the mortality factors. 
Q-How successful have past 
treaties regarding resource 
regulation been? 
A-We have been somewhat suc
cessful and somewhat unsuc
cessful at these treaties. The fur 
seal treaty is an example of a good 
treaty. Early in the 1900s there 
were four nations working in
dependently on the northern fur 
seals, Russia, Japan, Canada and 
the United States were harvesting 
these animals on the high seas. 
They drove the seals population to 
an extremely low level. Then the 
nations felt the need for a treaty 
and formed one at a fur seal con
vention. Now, populations are at a 
very high level. They have come 
back from near extinction to a 
point where they are doing all 
right. We can cite the whales as a 
bad example of a renewable re
source treaty but in my view it is 
much better for us to have an in
ternational treaty, which allows a 
take on these resources, than to 
have 12 nations working indepen
dently on some resource with no 
controls at all. 
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Below, a conventional pinball machine surface. Above, Playtime, a Pong-type electronic 
game. 
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one of a family of electronic pinball 
machines that have brought digital 
electronics to the astonishingly 
large coin-operated amusement in
dustry. Pinball wizards will now 
have to adjust their game plans. 
Thanks to a handful of interested 
and isolated scientists, computer 
games have been forced on the 
multi-million dollar pinball in
dustry. 

Electronic games have given the 
industry the biggest shot in the 
arm since Harry Mabs invented the 
solenoid-activated flipper back in 
1947. How did these industries get 
introduced to modern electronics? 
Around 1962 Steve Russell, an EE 
student at MIT, developed 
Space War, largely as an exercise to 
show off the graphic capabilities of 
the college's brand new PDP-1. In 
the original Space War two players, 
seated in front of a CRT display 
connected to the computer, used 
joysticks to control the heading and 
thrust of two rockets displayed on 
the screen. By pressing buttons 
they could fire torpedoes at one 
another. If one torpedo made a 
direct hit, the struck rocket would 
disappear with a flash. 

Others quickly elaborated on the 
program by adding gravity and star 
fields, scorekeeping, space mines, 
and ~~hyperspace". CICS depart
ments all over the country quickly 
developed versions, and Space War 
became so successful that Rolling 
Stone Magazine sponsored an In
tergalatic Space War Olympics last 
year. Most universities have now 
banned the game because of the in
ordinate amount of computer time 
it eats up. The most popular version 
played at the University of Min
nesota is Star Trek, although it is 
played on a teletype rather than a 
CRT. 

During the early part of the 
Space War craze Nolan Bushnell 
was pursuing an EE degree at the 
University of Utah and was work
ing summers as manager of the 
games department at an amuse
ment park. He was familiar with 
Space War and with his amusement 
arcade background believed it 
would be a great arcade game. The 
only problem was the price; a com
puter, even a mini or microcom
puter, would cost far more than any 
amusement arcade would spend for 
a game. 

After he graduated and was 
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working for Ampex corporation on 
computer design and architecture of 
computers for television systems, 
Busnell devised a way of building a 
version of Space War that could be 
manufactured at a reasonable price. 
He converted a bedroom into a 
laboratory and developed a pro
totype game that was later sold as 
Computer Space. Ted Dabney, a co
worker from Ampex, developed the 
TV part of the system. The display is 
just a common TV with the i-f and 
r-f stages removed. The heart of the 
device was the special purpose 
((computer" they designed to 
manipulate information during 
retrace and blanking and store it 
for display during the active part of 
the raster scan. 

Bushnell, the 29-year-old inven
tor of such games as Computer 
Space and Pong (a tennis type TV 
game), founded his own company in 
his garage about two years ago. His 
company, named Atari, now enjoys 
sales of three million dollars per 
year while employing 200 people in 
the U.S.A., England, and 
Australia. A dozen competing com
panies have recently entered the 
field and have sold 30,000 units of 
their assorted versions of Pong at 
roughly $1000/unit. 

This represents a major penetra
tion into a technologically con
servative industry. Stepping relays 
and electromechanical logic has 
been used in pinball machines for 
over 30 years but printed circuits . 
and IC's are virtually unknown. In 
fact, the relatively new manufac
turers are the only ones who use 
plug in relays. The rest still use the 
rivet and solder variety. 

Amusement manufacturers are 
not ignorant of the advantages of 
solid state logic and printed circuits 
but, like the auto industry, the 
oldest and most established 
manufacturers have a hefty invest
ment in tooling. Consequently, they 
are reluctant to change proven pro
duction methods. Only Allied 
Leisure has recently been using 
IC's to synthesize sound effects for 
some of its games. Bally Corpora
tion, one of the big three in pinball, 
(the others are Gottlieb and 
Williams) designed an electronic 
memory mainly for the 
functions on its pinball machines 
but never put it into production 
because they thought it would cost 
them more than the traditional 
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The computer department at 
this University never officially 
tells anyone what computer 
games are available. Most likely, 
this policy is done to keep the 
terminals free of game players. 
The required passwords and file 
numbers are often found 
scrawled on the teletype booths, 
but more often are discretely 
passed on from senior to 
freshman with the same solem
nity as a puberity ritual. If you 
are fortunate enough to gain ac
cess to these treasures and are 
willing to take the trouble to 
scavenge the University's com
puter system, you will find 
enough games to keep you busy 
for a lifetime. 

Perhaps the most impressive 
game programs are the various 
forms of chess. Every so often a 
national competition is held for 
the world computer chess title. 
So far, no computer has locked 
itself in it's room asking for 
more money. 

In one version of chess you 
can set the difficulty level as 
high as yo.u desire. At the 
highest level only a chess expert 
can easily defeat the computer. 
The program is hard to beat if 
you are not at least an advanced 
novice chess player. For the first 
few moves the computer 
responds quickly. At this time it 
does not perform the 
methodological searching of 
several steps ahead which it 
does do later on in the game. 
Most versions have master game 
examples in memory as a re
ference and will play the game 
like a master if the situation 
arises. Other programming 
methods are combined to allow 
the computer to maximize it's 
decision for a certain move. One 
program can even learn from it's 
mistakes and is being tutored by 
a chess expert. (Scientific 
American, June, 1973) 

One of the first games to be 
programmed into a computer is 
the game of Black Jack, or 
Twenty One. It is common to as-

sign it to beginning program
ming classes due to its 
simplicity although there are dif
ferent levels of programming dif
ficulty and elegance. In Black 
Jack the object of the game is to 
be dealt playing cards adding up 
to as close to 21 as possible. 
One program which uses only a 
few EXBASIC programming 
lines employs a clever algorithm 
to deal and to keep track of an 
exhaustible deck of shuffled 
cards. In contrast, the beginning 
programmer usually takes five 
times as many EXBASIC lines. 
Edward Thorp wrote a famous 
book in 1962 called Beat the 
Dealer that dealt with the pro
babilities of different playing 
strategies in Black Jack. One 
program at the University 
plugged Thorp's methods of 
playing Black Jack into the com
puter and had the computer play 
itself thousands of times, 
tabulating the results as it went 
along. The results matched 
Thorp's theoretical calculations 
as well as his results from actual 
play in Las Vegas. 

Other computer games availa
ble at the University include 
such standards as normal tic
tac-toe and three dimensional 
tic-tac-toe. Perverted forms of 
baseball and golf are available 
on the teletype as well as nearly 
every possible game you can 
think of. The best version of golf 
is played on a CRT where you 
can control the hit and direction 
of your ball and even get caught 
in sandtraps. 

Another fun CRT game is 
called follow the spot. A spot 
moves along a random curve 
and a second spot, controlled by 
your joystick, trys to keep up 
with the first. The more profi
cient players can elect to match 
the first or second time de
rivatives of the spot's velocity. 
The final negative score is an in
tegral sum of the differences in 
position and velocity over the 
length of the game. 

Computer experts are already 
talking about games they have 
not even devised yet. One is a 
biofeedback game where the 
players score by manipulating 
their brainwaves. Your move. 
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electromagnetic devices. Bally 
management has since made an of
ficial statement to the effect that 
they are not going to venture into 
digital electronics. Moreover, the 
industry's customers, those who 
operate and service coin machines, 
are proficient in repairing elec
tromechanical devices but are inex
perienced and uncomfortable at 
trouble shooting solid state devices. 

But when confronted with the 
success of the Atari company, Bally 
and a number of other manufac
turers turned out their own PONG 
games. 

They are also developing video 
games of their own. Most of these 
manufacturers concede that there is 
a limit to the novelty of video 
games, but imaginations have been 
stimulated and many of them are 
starting to talk knowingly and en
thusiastically about such things as 
CMOS, LSI, lasers, and interactive 
graphics. 

Of the dozen or so companies 
manufacturing video ping-pong 
games, only two or three are doing 
so under license from Atari; most of 
the others claim that their "logic is 
different" or their "technology is 
superior" although most admit that 
they took their lead from the Atari 
game. Recently Atari did obtain a 
final patent on the method of 
character manipulation used in the 
Pong game. Bushnell indicated that 
he would like to come to some kind 
of "amicable licensing agreement" 
with the other manufacturers. 

Ironically there may be a patent 
challenge to Atari from another 
quarter. About the same time that 
Atari introduced the first PONG 
games, Magnavox started market
ing for home use an "electronic 
game simulator" called Odyssey, 
the rights to which they had 
purchased from a New Hampshire 
firm called Nashua Associates. The 
Odyssey game consists of two 
player control units, a set of 
transparent overlays and a master 
control unit connected to the an
tenna terminal of an ordinary home 
television set. This set-up converts 
any 17 inch or larger television 
screen into a game board. 

The Odyssey game sold for about 
$100 and its Christmas time sales 
were much higher than Magnavox 
expected. Magnavox has been ap
proached by several manufacturers 
who want to market the game in 
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the coin operated business. 
Magnavox claims that all the coin 
operated games currently violate 
some of their basic patents for 
Odyssey, and that Magnavox in
tends to start litigations. Bushnell 
can't believe Magnavox since 
Odyssey is an analog based com
puter where his is a digital based 
computer. 

Virtually all the manufacturers 
who are now manufacturing video 
games hint at additional video 
games. Bushnell claims to have 
about a hundred ideas including 
some that use lasers and other re
cent technology. 

There are also possibilities for 
spin offs that are not related to the 
coin games. Los Angeles Intern a
tional Airport uses an Odyssey type 
system to select prospective air 
traffic controllers, and one hospital 
is using a modification as a 
therapeutic trainer to help 
paraplegics improve their coordina
tion. 

And Bushnell is looking at 
another market - educational 
equipment. He feels that the rug
gedness required of the coin
operated games would be an in
valuable prerequisite for educa
tional games. 

Minnesota Technolog 



allthesu lies you 

The Asphalt Institute suggests 
projects in five vital areas ... 
Recent advances in roadbuilding techniques 
have made continued highway research 
essential. Areas of special importance 
include: 

1. Rational pavement thickness design and 
materials evaluation. Research needed in 
Asphalt rheology, behavior mechanisms of 
layered pavements, stage construction, 
and strengthening by Asphalt overlays. 
Traffic evaluation requires improved 
procedures for predicting amounts and 
loads. Evaluation of climate on pavement 
also Is important. 

2. Materials specifications and construction 

d 

tests at construction and plant sites are 
also needed. 

3. Drainage of pavement structures. Need 
more studies on requirements for sub
surface drainage of Asphalt pavements. 
While untreated granular bases often 
accumulate moisture, Full-Depth Asphalt 
bases on impermeable subgrades may not 
even require sub-surface drainage. 

4. Compaction and thickness measurements. 
Recent use of thicker lifts in Asphalt 
pavement construction suggests need for 
new studies to improve control techniques. 

5. Conservation and beneficiation of 
aggregates. More needed on lower-quality 
base-course aggregates mixed with Asphalt. 

quality-control. Need improved For background information on Asphalt 
specifications, particularly acceptance and construction and technology, send in 
rejection criteria. Faster quality-control the coupon. 

r---~-------------~---~, 
I OFFER OPEN TO CIVIL ENGINEERING STUDENTS I 
I THE ASPHALT INSTITUTE AND PROFESSORS I 
1 College Park, Maryland 20740 1 
I Gentlemen: Please send me your free library on Asphalt ~ 

Construction and Technology. m 

I Name Class or ran I 
I I I School 1 
1 Address 1 
1 City State Zip Code___ 1 
b------===----===------~ 



I® To STUDENT BOARD 

Applications for ITSB offices and Senators 

Obtained in 105 Main E. 
Deadline for applications-April 30th 

Elections: May 7-8th 

People needed for Freshman Registration 
Bookstore Committee 

Technolog Board members 

I.T. Student Board is a non-political, academically inclined student or
ganization. We work closely with I.T. and the University administration to 
improve upon and maintain LT.'s high quality of education. Members of I.T. 
Student Board must be willing to work and attend meetings. It goes without 
saying that I.T. Student Board members should be interested in I.T. student 
life. 

If you are interested, check I. T. Board Office, 230 T.N. C. E. 

Sponsored by Plumb Bob 

Inquire about applications for 
events in 230 T.N. C. E. 
Participants needed. 

Everyone in I. T. welcome to all events 



r---------------------------, I 
I 
I 
I 
I 
I 
I 
I 
I Model 

Sylvania 

RQ 3748 

Pioneer Sansui fisher 
Harman
Kardon Marantz 

I 
Continuous (RMS) 

Power1 

50Wx4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
4 channels 

Stereo Bridge 125Wx2 

I TIHID at rated output <0.5% 

I IM Distortion at 
rated output <0.5% 

I fM Dl!llf Sensitivity 1. 9Jl v 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

50 db signal to 
noise ratio 

Capture Ratio 

Price 

2.8/l v 

1.5db 

$549.952 

1AII powermeasurements taken at 120 volts/60 cycles, 8 ohms, 20Hz-20kHz, all channels driven simultaneously. 1 
2 Manufacturer's suggested list price which may be higher in some areas. 

If you're in the market for four channel, you matrix capabilities so you can use either type of 
1
1 

already know you've got to spend a good bit of quadraphonic material. And much, much more: 
cash for a receiver. So it'd be a good idea to We can offer so much because we have so I 
spend a good bit of time checking specs on much experience. We were one of the first in the I 
everything available just to make sure you get audio field. And now we're applying all our knowl-
the most for your money. edge, all our engineering skill to four channel. I 

To make your search a little easier, we've Onceyou'veproventoyourselfwhich receiver 1 
prepared the blank comparison chart above has the best specs, move on down to that last 
with spaces for some of the best-known brands line in the chart and compare Sylvania's price I 
and most important specs. Just take it with you with all the others. Find out which one gives the 1 
to the store, fill it in, and you'll be able to tell most for your money. 
at a glance what you get for what you pay. We feel pretty confident you' II discover that I 

We took the liberty of filling in the Sylvania the best-known names aren't necessarily your I 
column with specs for our RQ37 48 four channel best buy. I 
receiver. We did it because we know we're not 3 So much more that it won't all fit here. So send us a stamped, self- I 
the best- known name in four chan ne I, and we addressed envelope and we'll send you a four-page brochure on our 

didn't want you to overlook us for that reason. four channel receivers. 

Because we think the RQ3748's specs 
are really worth remembering. 

50 watts of RMS power per channel at 8 
ohms, 20-20kHz, with all four channels 
driven.125watts perchannel in stereo bridge 
mode. A TH D and I M of less than 0.5% at 
rated output. An FM sensitivity of 1.9 micro
volts. A discrete four channel receiver with 

I I Sylvania Entertainment I 1 Products Group, Batavia, N.Y. 

----------------------------~ 
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Trying to figure out the exact 

kind of engineering work you should 
go into can be pretty tough. 

One minute you're studying a 
general area like mechanical or elec
trical engineering. The next you're 
faced with a maze of job functions 
you don't fully understand. And that 
often are called different names by 
different companies. 

a few engineers. So we thought a 
series of ads explaining the work 
they do might come in handy. After 
all, it's better to understand the vari
ous job functions before a job inter
view than waste your interview time 
trying to learn about them. 

Manufacturing products. Selling 
and servicing products. 

This ad outlines the types of 
work found in the Sales and Service 
area of G E. Other ads in this series 
will cover the two remaining areas. 

We also have a handy guide that 
explains all three areas. For a free 
copy, just write: General Electric, 
Dept. AK-3, 570 Lexington Ave., 
New York, New York 10022. General Electric employs quite 

Basically, engineering at G E 
(and many other companies) can be 
divided into three areas. Developing 
and designing products and systems. 

Sales Engineering marketing personnel to suggest ideas for new 
or modified products. 

Sales engineering is technical marketing. Field Eng· ineering 
Sales engineers at G E are the important liai-
son between GE manufacturing facilities and Field engineers at GE plan and supervise the 
utility, industrial, distributor and govern- instaHation and service of large equipment 
mental customers. Working closely with systems worldwide in two main customer 
assigned customers, they use their ~~~&~~~~l areas. Power generation and deliv,-
technical background to recognize ery equipment for utilities. And 
customer needs and recommend heavy apparatus for industrial 
GE products or systems to fill customers such as paper and 
them. From smal1 AC motors to steel mills, chemical plants and 
huge turbine-generator units. machine tool manufacturers. 
Requires a thorough They specialize in either 
understanding of a customer's the mechanical/nuclear or 
business, as well as a wide electrical/electronic 
range ofGE products. areas. Since field engi-
Plus the ability to work neers are often called to 
well with people and to troubleshoot and correct a 
recognize a good business customer equipment problem, 
opportunity. it requires the technical competence 

and creative ability to handle the dif
ferent, the difficult and the unexpected. 

~P.,Iicati!ln 
Eng1neenng 

Application engineers are technical experts 
who work closely with the sales engineer 
and the customers' engineers. Their job is to 
analyze special problems and equipment 
needs of customers, then determine the opti
mum GE products or systems to meet them. 
There are two kinds of application engineers. 
The first works out of a sales operation and 
is adept at applying a wide variety of prod
ucts to create a "system" that meets the cus
tomers' needs. The second works in a 
product manufacturing department and is a 
specialist at applying the products of that one 
department. Both must have in-depth knowl
edge of the customers' technical needs. They 
often consult with product planners and other 

GENERAL 

Plus the ability to take charge,'lead people, 
and make independent, on-the-spot decisions. 

Product Planning 
Product planning is a marketing function. 
Product planners make sure a product line 
offers what customers need at competitive 
prices. They determine the need for a new or 
modified product, product availability, mar
ket size, cost structure, profitability, specifi
cations and distribution channels. To do this, 
they work with market researchers, applica
tion and sales engineers, finance experts, 
marketing management, plus design and 
manufacturing engineers. Their engineering 
background is a big plus. This work requires 
self-starters who can coordinate a project 
and sell their ideas to management. 

ELECTRIC 
An Equal Opportunity Employer 
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·Casting is so versatile that a designer can often 
develop complex components that are almost too 
difficult to draw ... That's why many prototype 
steel castings are developed directly from models. 

Take this high-speed refrigerator impeller. 
Worthy of a sculptor's efforts, it not only looks 
good, but must perform faultlessly ... And it 
does, at 12,500 rpm in subzero temperatures. 

Cast-steel permitted the designer to 
choose the right composition for maximum 
toughness at low temperatures, without com-

t I 
m 

r I 

promising for machinability or weldability. Cast 
in a ceramic mold, the impeller has fine surface 
finish and close dimensional tolerances, thus 
eliminating costly machining. 

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

to our quarterly pub I ication"CASTEEL" .. Clubs 
and other groups can obtain our sound film 
~'Engineering Flexibility."Write: Steel Founders' 
Society of America, Cast Metals Federation Building, 
20611 Center Ridge Road, Rocky River, Ohio 44116. 

STEEL POUNDERS' SOCJ:ETY OF AMER.J:CA 

Cast-Steel 
r Engineeri ibili 
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(Dedicated, Responsive, l<nowledgeable 
people) Men with vision launched Univac 
and a new era. 

Today, some 30,000 Univac people throughout 
the world bring to their tasks superior 
scientific competence, technologica~ skills of 
a high order, inspiration, and extraordinary 
imagination. 

They fill exciting jobs in a'vastly exciting industry. 

They are found all over the world: scientists, 
technicians, sales representatives, assemblers, 
programmers, systems analysts, field engineers, 
accountants, marketing specialists. Men. 

If you are interested, write 

Women. All races. All creeds. 

Since the computer industry is in itself youthful, 
Univac people tend towards youth. Average 
age is near 30. But maturity and experience 
are present too. Many of those in on the 
beginning of Univac are still found in management 
research, the laboratories, the field, the offices 
and at sophisticated computer sites. Perhaps 
tracking a space satellite. Or helping to probe 
the causes of cancer. Or keeping a transportation 
system on schedule. 

Univac people are its most significant asset. 

Employment Manager 
Univac Defense Systems Division 
P.O. Box 3525 
St. Paul, Minnesota 55165 
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The hit-and-run department. 
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What the I.T. intern program is, and what it 
can do for you. by Robert Pirro 

icr e ' ers Little Helper, 
Part 2 

The second installment on our feature about 
the microwave oven. This section deals with 
the safety aspects of microwaves. 

by Robert Pirro 

A special section exploring just a few ques
tions pertinent to scientists and engineers. 

What Is The Future Of I. T. 
Undergraduate Education? 

What Is The Relationship Between The 
Government And The Scientist? 

What Are The Ethics 
Of ineering? 

Does The Corporation 
Control Technology? 

Can Man Be Free From Science? 

k19 
Indy SOD-look out! Any year now we'll have 
your competition perfected. 

by Laurence Yarosh 

COVER DESIGN BY BERTIL NIELSEN 
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I have just played my worst round of golf this 
season, a 52 for nine holes, par 36. After that debacle 
I feel frustrated and disillusioned, having just spent 
my money and time on something which was sup
posed to be fun for me. The only good thing about 
this situation is that it puts me in the perfect frame of 
mind to discuss Plumb Bob, Blarneys Castle and E
Week in general. Students in I.T. have recently also 
spent time and money on something that was sup
posed to be fun for them, E-Week. But since most of 
the people I talked to did not expect much in the first 
place, they were not disappointed. 

eek? 

Our April Plumb Out editorial seemed to strike 
some nerves in I.T. . The main point of that piece, 
that E-Week should have been better publicized, is il
lustrated by this point. 

On Friday, May 24, two weeks after the homemade 
car race was held, an I.T. sophomore, unclassified, 
walked into the Technolog office and asked us "when 
is E-Week this year?" When informed that he missed 
the festivities he noted "gee, it must have been really 
eventful." 

He would have been justified in asking "why didn't 
anybody tell me?" The answer to that question lies in 
the hearts and the guts of the group responsible for 
insuring a successful E-Week, Plumb Bob. 

arked en 

You can always tell a Plumb Bob member. They 
always have either their head up their ass or rusty 
zippers on their pants. 

Plumb Bob members are not to be confused with 
foresters. Foresters are so stupid that they actually 
think that logarithms are trees practising birth con
trol. Both foresters and Plumb Bob members do 
possess common traits. They operate with roughly 
the same level of intelligence, reach the same level 
of achievement, and also possess the quaint charac-

teristic of never accomplishing anything constructive 
during E-Week. 

Trusting a successful E-Week to Plumb Bob is like 
trusting a forester to handle a crate of eggs. In both 
cases, the groups are bound to fumble the ball, with 
the end result being a bust. 

m m • Repeat; eek?amm 

The earlier statement, that E-Week should have 
been better publicized, is actually the understate
ment of the year. E-Week deserved publicity and it 
should have had plenty of it. The only notices it got 
this year were too little too late. While E-Week is 
what the participants and spectators make of it, at 
least they should have been given a break and let in 
on the secrets. The secrets being the information on 
when E-Week was and what it was going to consist 
of. 

In realizing this obligation to provide information, 
Plumb Bob acted with about as much foresight and 
discretion as a goose with diarrhea. 

As far as we can tell, the rumor that the head of 
Plumb Bob was Bozo the Clown is untrue. He just 
acted like it. We are still unsure of whether Plumb 
Bob was playing I've Got A Secret, Who Do You Trust, 
or Lets Make A Deal with the E-Week information. In 
any case, the end result of this publicity clamp is 
next year's E-Week being in Jeopardy. 

hat To Do a • a 

What to do is simple. First of all, decide sometime 
in March that you actually are :going to have an E
Week sometime ln May. Then, start letting everybody 
know by appointing some people to drum up 
pulbicity. Sending one person around to notify the 
I.T. Student Board, Technolog Board and Technolog 
is not very difficult. 

As for the general public, a hundred lnsty-Print 
posters, written up by hand, cost as little as $3.19, 
and I have the receipts to prove it. Even drawing on 
a stencil, which could be run off in the I.T. Student 
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Board office, 230 T.N.C.E., could be circulated early 
to alert the people to E-Week. 

This year, the simple fact was that the average joe 
in engineering was not aware of the whens, wheres 
and whats of E-Week. And it was not his fault. It was 
totally the fault of the lazy~ inept or just plain stupid 
group of clods who are supposed to be in charge of 
promoting E-Week, Plumb Bob. 

01 m 01 The Candidate 

The time has come for Plumb Bob to be exposed 
for what it really is. The Technolog has been able to 
gain a copy of the actual entrance examination used 
to screen potential applicants for Plumb Bob mem
bership. 

Plumb Bob consists solely of male senior 
engineering students, and the exam questions read 
like this: 

True or false; 
LF=mxt 

f Exdx=eY+c 
S=%gct2 

If the contestant answers true to all three equa
tions, he then moves on to the next question; 

"With an applied force of one lb. on the end of a 
one foot long wrench, compute the applied torque." 

If the contestant answers with any answer but one, 
he moves on to the final question. 

The final question is; 
"By integrating, find the area of an ell ipse." 
If the contestant puts down any number at all, he 

is immediately initiated into Plumb Bobdom. As this 
test is given to all potential Plumb Bob members, 
they are able to keep their membership standards at 
the same constant level of quality year after year. 

m m 9 Knock Knock m m .. 

Blarneys Castle, the so-called publication of E
Week mysteriously appears each spring, like poison 
ivy. 

This year it was the hit of E-Week. Among other 
things, this year they actually had two jokes that I 
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had not heard before. Rumor has it that gnomes 
write the material for Blarneys Castle. We find that 
hard to believe, although we would certainly agree 
that their mentality is gnome-sized. 

Blarneys Castle consists of nothing but humor. We 
thought the funniest piece of all was their editorial in 
number six. That was the editorial knocking the I.T. 
Student Board, the Technolog Board and the Tech
nolog for their lack of co-operation concerning 
E-Week. 

m m 9 Serious or Delerious m 01 9 

I hope they were not planning to be serious. It 
would be difficult to believe that any group, even 
Plumb Bob, would have the gall and the stupidity to 
blame other I.T. groups for their own failures. 

The I.T. Student Board bent over backwards to 
give E-Week all the help they could. The Technolog, 
as was described in Plumb Out, searched high and 
low and came up empty handed trying to find out 
anything from anyone about E-Week. The Technolog 
Board or the Technolog was never approached by 
anyone about E-Week. If we were, we would have 
gladly done anything in our power to help make E
Week a success. All they had to do was ask or let 
themselves be known in some way. Apparently that 
was too difficult for Plumb Bob to figure out. 

01 m 9You Get The Bird 
Plumb Bob had to have been facetious in their at

tack on us for a lack of communication and co
operation. Quoting from their "B.C. Editorial by 
M.J.R." the last "sentence" reads; "If these 'natter
ing nabobs of negativism' bickering for the sake of 
their own egos and more time supporting and work
ing with each other, the spirit in the lnsitute of 
Technology would be greatly inhanced." 

Besides making no sense whatsoever, being mis
spelled, having atrocious wording, and not even be
ing a sentence, that last "statement" has totally no 
basis in fact. 

Wake up Plumb Bob. If you are really serious 
about giving "turkey" awards, try looking in the mir
ror. That is, if you can see past all those feathers. 

Robert Pirro 
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Gould is a company of Proud 
Inventors, committed to new 
product development as our basic 
growth strategy. Our expertise is 
concentrated in four integrated 
technologies; electrochemical, 
electromechanical, metallurgical 
and electronic. The advertisement 
below, which appeared originally 
in THE WALL STREET JOURNAL, 
shows one example of the kind of 
projects going on at Gould. 

Gould has developed a hot 
densification process for mak
ing powder metal parts bigger 
and stronger than was possible 
before. Now our Proud Invent
ors have expanded the process 
to vary the density within a 
given part. For example, we 
can make a gear with solid 
tough teeth on the outside for 
long wear, yet keep its center 
porous to save weight and cost. 
And we're producing a new hy
draulic valve lifter for automo
tive engines. It has a porous, 
self-lubricating body to help 
eliminate "sticking", yet its cap 
is solid to withstand punish
ment. For more information, 
write Gould Inc., 8550 West 
Bryn Mawr Avenue, Chicago, 
Illinois 60631. 

••• comes quickly to a new engineer at Conwed. No one's going 
to be looking over your shoulder. You'll find yourself with hands
on responsibility for meaningful assignments in either product 
development or process improvement. 

Conwed's fields of technology include mineral fiber 
spinning, cellulose fiber dry felting and plastics extruding ... 
plenty of places where you can develop your skills. 

Dual promotion ladders for professional growth offer 
opportunities on either our technical side or in areas of 
management. 

Involvement, recognition, a chance to show what you can 
do ... and continue to enjoy the good life Minnesota has to 
offer. That's Conwed Corporation. 

Our current needs are for mechanical and chemical 
engineer graduates. Write G. R. Erickson ••• 

Con wed 
CORPORATION 

332 MINNESOTA ST, ST. PAUL, MN 55101 
An Equal Opportunity Ernployer M F 

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



oo are you 
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 expansio,l 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) 

I 
® 

THE TIMKEN COMPANY MANUFACTURES TAPERED ROLLER BEARINGS, SPECIALTY ALLOY STEEL AND REMOVABLE ROCK BITS. 
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The Intern Program 

by Robert Pirro 

T here is a valuable scholastic 
program in I.T. that most 

engineering students are not 
familiar with. The Intern, or Co-op, 
program seems to be truly advan
tageous for all who become involved 
in it. The LT. faculty, the corpora-

tions and especially the engineering 
students are very happy with the 
results of the program. Those re
sults are cooperation and inter
dependence between industry and 
the Institute of Technology, a 
steady flow of job prospects for in
dividual corporations and money 
and engineering. experience for the 
students themselves. 

Minnesota Technolog 



The Engineering Intern Program 
(EIP) began in 1950 and is now 
available in mechanical, civil, elec
trical and aeronautical engineering. 
According to the handouts describ
ing the program, ((the principal ob
jectives of the program are to pro
vide engineering training in in
dustry during the last two years of 
a student's academic career and 
provide some financial support dur
ing the academic quarters." What 
that translates into is a combina
tion between the functions of the 
student and the worker with many 
of the best aspects of both careers. 

The entrance requirements are 
not difficult. All that is needed is a 
2.0 overall average with at least a 
2.0 average in your major fields. 
The students must register by 
January of their sophomore year as 
the program runs for the remaining 
two full years of their under
graduate careers. The program is 
run on a four quarter basis with the 
two summer sessions counting as 
one quarter. In the Intern program, 
full time work and full time study 
are rotated on a quarterly basis, 
you study for one quarter, work the 
next and so on. During the study 
quarters the student remains a full 
time undergraduate with a full 
schedule of courses, usually 16 to 
18 credits. During the work 
quarters the student is on the job 
five days a week. Though con
sidered a full time student, they 
take no University courses. The 
student is given two credits for each 
work quarter after the completion 
of a formal technical report con
cerning the work done during that 
quarter. This report is completed 
outside the formal working hours 
and is expected to be thorough and 
comprehensive. 

So the junior and senior years are 
spent rotating between industry 
and the University with usually an 
additional two quarters of full time 
study needed after the fourth year 
to complete all the degree require
ments. 

There are between 20 to 30 com
panies who are involved with each 
department participating in the In
tern program. Usually there are 
more than enough openings for the 
number of students who apply. This 
lack of student interest might or
dinarily denote a lack of student 
satisfaction with the EIP program 
but this does not appear to be the 
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case here. According to Clarence E. 
Lund, head of the Intern program 
in mechanical engineering, ''99 per 
cent of the students we surveyed re
cently were very much enthused 
with the Co-op program." As Lund 
explained it, "the student stays in 
one company but works in different 
locations during the two years. In 
this way he is given a broad view of 
what applied engineering is all 
about." Lund refers to the Intern 
program as a ''sort of a scholarship 
program." He points out that the 
average earnings for the two years 
of work range from $6,500 up to 
$9,500 with the higher salaries 
usually reserved for the out of town 
jobs. 

The most important aspect of the 
engineering Intern program, ac
cording to Lund, is the training stu
dents get in applied engineering. 
"The student takes a greater in
terest in the engineering cur
ricul urn after he enters the Intern 
program. He is more mature, more 
diplomatic and behaves himself bet
ter." 

Ladislav Cerne, head of the civil 
engineering Intern program agrees 
with this analysis. ''The Intern pro
gram is the first step in the 
engineer's recognition of his pro
fession" he said. 

The process of matching each stu
dent to each company is done very 
slowly and carefully. In electrical 
engineering Dr. Keith Champlin, 
head of the Intern program there, 
was buried in paperwork for two 
weeks after the company interviews 
were completed, in attempting to 
match up students with companies. 
The student usually interviews 
with a good number of companies, 
which according to Cerne ''is a 
beginning of an education in itself." 
Then the students and the com
pany's preferences are matched up 
as closely as possible with the final 
authority and the greatest weight 
placed on the choice of the student. 

The corporations have a great 
deal at stake by participating in the 
Intern programs. The companies 
are promoting themselves in a two
fold way. They have a company im
age to maintain at the University 
and an employee image to convey to 
the student they are recruiting. 
Consequently, the companies who 
participate in the EIP program are 
very helpful and very patient with 
the students. They often bend over 

backwards to give the interns the 
deepest and broadest possible ex
perience in the most areas. 

In this respect, Cerne feels the 
EIP program can be an essential 
part of a civil engineer's education. 
''The school of civil engineering is 
practically-oriented. Industry is 
also looking for those who are in 
professional programs. In this (EIP) 
program, the student draws ex
posure in his profession which can
not be replaced by classes. In in
dustry he can solve hundreds of 
problems, instead of taking time off 
and wasting his time." 

Like mechanical, civil engineer:
ing had about 30 industry openings 
this year, with a few more openings 
than students to fill them. The 
·probable reason for this situation is 
that many students never hear 
about· the program until it is too 
late. Others probably do not want 
to commit two years to full-time, 
year-round studies and work. Still 
others would like to graduate and 
be done with school as soon as 
possible. 

The desire for graduating as soon 
as possible was expressed by Jean
nette Schmidt, who recently 
graduated from industrial engineer
ing. What prompted her to enter 
the program was the money as well 
as the work experience. Being mar
ried and the mother of two children 
accounts for the money need, but "I 
also wanted a chance to see what 
engineers are actually doing. The 
program was an education as it 
helped me to know more about 
what I did not want to do" said 
Schmidt. She added that "if you are 
not sure of which field in 
mechanical you want to get into, 
then the Intern program is great." 

Doug Brosseau, a mechanical 
engineering sophomore about to 
enter the Intern program, first dis
covered the program when he was 
still in high school. At first, the 
money was the big incentive. Then, 
according to Brosseau, ''the op
portunity dawned on me. I saw it 
was a transition between being a 
student and being a real engineer. 
It also is a chance to land some 
good recommendations. So I guess 
it will be a two-fold, money and ex
perience, education for me. I hope it 
works out." 

According to all the indications, 
it ought to. 
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T he whole question of 
microwave oven safety re

volves around the Issue of radia
tion. 

On hearing the work radiation 
many Americans have a reaction 
lying somewhere between paranoia 
and hysteria. Visions of A-bombs, 
fallout and radiation burns, the 
frightening signs of a new era 
which the common man does not 
understand or control, often pre
dominate over rationality. 

Against the backdrop of radiation 
poisoning, these facts should be 
noted. Microwave radiation is non
ionizing radiation; radiation which 
does not cause chemical change but 
causes a rise in temperature. Radio, 
light and infra-red rays are also 
non-ionizing and this form of radia
tion is emitted in many household 
appliances such as shavers, vacuum 
cleaners and all appliances with 
electric motors. 

The issue with the microwave 
oven is that the non-ionizing radia
tion leaks out of the ovens at a dis
turbing rate. Regardless of the 
safety standards set up and main
tained by the government and the 
microwave oven industry, many 
people do not feel safe around a 
microwave oven because of the 
radiation leakage. Is this feeling 
justified? 

All microwave ovens leak some 
detectable radiation. There is no 
such thing as a ''radiation tight" 
oven and the microwave oven in
dustry does not foresee the 
possibility of such an oven in the 
near future. The culprit in leaking 
radiation is the oven door. It is im
possible, given present technology, 
to construct an oven door that will 
not leak some radiation from inside 
the oven. 

Given that all microwave ovens 
leak radiation, the question then 
becomes; how much radiation is 
safe for human consumption? 

The federal Food and Drug Admin 
istration (FDA) branch, the Bureau 
of Radiological Health, has set up 
standards for microwave emissions 
in ovens. Previously the level had 
been as high as 10 mw/cm2

, then 
was reduced to 5 mw/cm2 . In 1971 
the standard levels were reduced to 
no more than 1 mw/cm2 for a new 
oven and 5 mw/cm2 for a used 
microwave oven. An FDA aide, Dr. 
William M. Leach, commented on 
this standard saying ''nobody has 
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I, 
by Robert Pirro 

seen anything (deleterious) that 5 
milliwatts can do." 

The Russians, however, do not 
agree with these findings. Soviet 
standards for microwave absorption 
are far more demanding then the 
American levels. After discovering 
ill effects in workers who labored 
around microwaves, the Russians 
set a standard of no more than .001 
mw/cm2 . 

In considering microwave absorp
tion there is also the fact that 
radiation diminishes by the square 
of the distance from the source. 
Thus, a microwave oven which 
leaks 10 mw/cm2 two inches from 
the door actually leaks 0.1 mw/cm2 

at 20 inches. So any serious absorp
tion of microwave radiation would 
have to occur at close range. 

The FDA standard for microwave 
emissions is translated as 1 
mw/cm2 at five inches from the 
edge of the oven door. Now this ap
pears to be a very low level but 
questions still persist. Can there be 
leakage of more than the 5 mw/cm2 

guaranteed by law? Has there been 
conclusive proof that microwave 
radiation is not cumulative and in 
low levels absolutely cannot harm 
the human body? Is the microwave 
oven guaranteed to be safe for 
anyone who wants to use it? The 
answers to these questions seem to 
be yes, no and maybe, in that order. 

Consumer Reports, a magazine 
dedicated to testing and evaluating 
consumer products came out 
strongly against the purchase of 
any microwave oven. In its April, 
1973 issue the magazine labeled 
nnot recommended" all the 
microwave ovens it tested. The 
basis for this blanket rejection was 
on account of the radiation leakage. 
The magazine's arguments hinged 
on two major points. The first point 
was that all microwave ovens leak 
some detectable radiation. 
Consumer Reports felt that no 
radiation at all should be leaked. 
The second point the magazine 
stressed was that they were uncer
tain of what levels of microwave 
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absorption, if any, are safe. As 
Consumer Reports stated nthe 
popular models we tested leaked 
radiation at levels we can't be sure 
are harmless. We have been~ unable 
to uncover any data establishing to 
our satisfaction what level of· 
microwave radiation emission can 
unequivocally be called safe." 

This was far and away the most 
damaging criticism that the 
microwave oven industry had ever 
faced. Sensing that their rapidly ex
panding sales might be affected, the 
industry launched a counter attack. 
The war is still raging, with allies 
drawn to both sides. 

The microwave oven industry 
began to stress the facts that 
microwave radiation is non-ionizing 
and does not cause chemical 
changes. They also began to stress 
the government safety standards 
for emissions and how their ovens 
easily met these standards. 

Consumer Reports was not im
pressed on either of these points. 
They pointed out that microwave 
radiation does cause a change in 
temperature and claimed that it 
might be possible that the radiation 
might affect such sensitive or
gans as the human eye and the cen
tral nervous system. 

According to data supplied by the 
microwave oven industry, mi
crowave radiation is not cu
mulative. However, there is 
nothing said about the possibility 
that the effects of microwave radia
tion in raising the human body 
temperature might be cumulative. 
Dr. Milton Zaret, a New York 
ophthamologist, contends that ir
reversible eye cataracts may start 
forming years after the initial ex
posure to microwaves. 

The ongoing battle between 
Consumer Reports and the 
microwave oven industry often gets 
very heated and personal, with 
definitely political overtones. Of all 
the counter-attacks, particularly 
fierce has been the stance of 
Amana, a Raytheon company. 
Recently, Amana went so far as to 
entice a disgruntled associate direc
tor of Consumer Reports to give an 
address. The publicity release on 
that address stated that Consumer 
Reports was guilty of "an editorial 
slant made to increase sales of the 
magazine". Consumer Reports hotly 
replied, in a well-publicized letter, 
that their former employee "had 
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nothing whatsoever to do with 
preparation of the Consumer 
Reports article on microwave ovens 
or their testing". This statement 
was made in reply to their former 
employee, Channing H. Lushbough, 
who also noted to Amana, ~~I just 
don't see how Consumer Reports 
can hold itself out as being objec
tive, when they also try to be ad
vocates for consumers." 

The microwave manufacturers 
also challenged Consumer Reports, 
and subsequent groups, on the 
validity of their tests. The oven 
makers felt that particularly 
Consumer Reports was making "un
reasonable demands on the oven 
and the conditions it would have to 
normally undergo." 

Consumer Reports claimed that 
their tests were valid because they 
subjected the oven to very possible 
demands and conditions that the 
oven would have to face. 

One particular example was 
sticking a piece of plastic wrap or 
aluminum foil through the door 
seal, causing microwaves to leak 
outside the oven. Using this test, 
levels of 20-200 mw/cm2 were re
corded in various tests. The 
microwave industry is very proud of 
the double safety interlocks on its 
oven doors and warns that ''tamper
ing- with the interlocks on a 
microwave oven is as dangerous as 
tampering with the brakes on an 
automobile". The oven doors are set 
up so that the, oven automatically 
shuts off when the oven door is 
open. However, the plastic wrap 
tests proved that the ovens still 
cook when something thin is in
serted through the door seal. 

To find out how farfetched this 
situation actually was, I went to 
Coffman Union (before the lettuce 
boycott) and tried to duplicate the 
Consumer Reports tests on the 
microwave ovens there. I found out 
that the plastic wrap on a 
cheesburger or chuckwagon fits 
easily through the door openings on 
either side and the bottom of the 
door. In fact, something as broad as 
one of the wooden sticks used to stir 
coffee, or a packet of salt also fits 
through the door opening while the 
oven cooked. 

The ''extreme" tests performed by 
Consmers Research and others were 
based on ignoring some of the basic 
instructions governing microwave 
oven use. Among these instructions 

DO'S & DON'TS 
If a microwave oven is in your 

future plans or is presently in 
your kitchen, here is an ab
breviated checklist of things to 
do and no-nos you might not 
find out from your dealer. 

Do follow all the manufac
turers specifications to the let
ter. Always keep your oven 
clean. Dirt and food left for long 
in a microwave oven can result 
in beautiful cultures of bacteria. 
Arrange your food "in a ring" in 
the center of the oven. When 
cooking two or more items keep 
them spread apart. The forte of 
the microwave oven is in re
heating foods-it is terrific. 

Do not cook using wood or 
metal utensils and only use 
straw and strong plastic utensils 
for very short spans of time. 
Paper is your best bet. Do not 
cook eggs or bake any bread or 
pastry in a microwave oven. Try 
to avoid broiling steaks, ham
burgers, and other meats that 
take a short span of cooking 
time-a conventional range 
does a much better job. Most 
importantly, do not tamper with 
the door seals and do not repair, 
tamper or modify this machine. 
It is not a toy. 

are '~( 1) Make certain that objects 
are never inserted through the door 
grill or around the seal; (2) that the 
seal is frequently cleaned with 
water and mild detergent; (3) that 
the safety interlocks are not made 
inactive by tampering; (4) that the 
oven is never operated while empty; 
and (5) that the oven is inspected 
regularly by a qualified service 
man for signs of wear, damage or 
tampering." 

These guidelines describe what 
every microwave oven owner should 
do. Common sense, however, tells 
us that a majority of owners will 
not follow all of these procedures 
and a sizeable number of users will 
follow none of the guidelines at all. 
Many people will also, deliberately 
or unintentionally, subject their 
ovens to abuse. Despite all safety 
precautions, a sizeable number of 
defective ovens will also be sold. So 
when concluding about the types of 
situations microwave ovens will be 
used for, you must take into ac
count the factors of human ig
norance, stupidity, carelessness and 
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the ingenious ability of man for 
foiling the most carefully con
structed and conceived devices de
signed for his own protection. 

Litton Industries, in their "Facts 
About Microwaves" booklet says, 
among other things, ~'There has 
never been an injury due to 
emissions from a microwave oven 
with more than 700,000 mi
crowaves in use." 

This statement is made despite 
sensational stories which have ap
peared in the media about dramatic 
microwave burnings. A Honolulu 
woman supposedly was blinded by 
microwaves from her oven last 
year. A Scarsdale, New York 
housewife also supposedly was 
blinded and received severe burns 
from her microwave oven. A Dallas, 
Texas restaurant worker sup
posedly fried one of his hands in a 
microwave oven. A Maryland doctor 
claims that microwaves leaking out 
of an oven have made one of his pa
tients sterile. 

It is difficult to give these stories 
full credence, just as it is difficult to 
regard the Litton statement as 
gospel. Apparently the truth lies 
somewhere in the middle. It ap
pears that there indeed have been 
no reported injuries due to 
microwave oven emissions, but only 
from ovens which were operated 
and maintained under ideal condi
tions. If we maintained our 
automobiles under "ideal condi
tions" and followed all the 
guidelines set down for their use, 
then there would not be any road 
accidents, no major repairs would 
be necessary, and you could get 
15.8 miles to the gallon with your 
Cadillac (so the advertisement 
goes). However, because people do 
not always follow advice, there 
were 50,000 people killed last year 
in accidents, automotive repair is a 
billion dollar business, and you are 
lucky if you can drive that Cadillac 
once around the block without run
ning out of gas. One of the winning 
entries for human stupidity with 
microwave ovens goes to the 
housewife who started a fire while 
trying to dry her towels in her 
microwave oven. So far, the grand 
prize goes to the student who was 
clever enough to take off the in
terlocks on his microwave oven, so 
the oven would work while the door 
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was still open, and then tried to dry 
his shampooed hair in the oven. He 
nearly electrocuted himself while 
giving a marvelous impression of a 
burning torch. 

To the credit of the microwave 
oven manufacturers they have done 
virtually everything economically 
possible to make their product safe. 
One of the interlocks, for example, 
is hidden in order to foil tampering. 
In assesing the situation, Dr. 
Robert Elder, Associate Director of 
the Bureau of Radiological Health 
of HEW, stated ''Remember that 
the published newspaper and 
television accounts did not report 
actual evidence of hazard. There 
were only surmises that some 
hazard might exist. A change in the 
accepted leakage limits would be 
warranted only if studies by 
someone of proper scientific qualifi
cations should reveal solid evidence 
that present officially established 
leakage limits were not properly set 
for the safety of users." 

Unfortunately for the microwave 
oven industry, those types of re
marks are proving to be less and 
less reassuring. Locally, the 
Reserve Mining trial is a current 
example of an industry saying in ef
fect ''show us some dead bodies" in 
order to prove there is a health 
hazard. The quote "only if studies 
by someone of proper scientific 
qualifications . . . reveal solid 
evidence ... " is also a direct quote 
from an American Tobacco Com
pany publicity sheet, which dis
cussed the link between cigarette 
smoking and lung cancer, in 1961. 
Visions of cyclamates, hex
achlorophene, thalidomide and 
other health hazards also come to 
mind when the call for "actual 
evidence" is made. 

A frightening example was re
ported recently in Science News, 
where fluorescent lights, emitting 
X-rays and radio waves, were found 
to have a definitely harmful effect 
on hyperactive children. In an ex
periment where the fluorescent 
lights were replaced by lighting 
which gave off no X-rays or radio 
waves, the hyperactivity in the 
children decreased dramatically. 

If a slight dose of X-rays and 
radio waves can have that type of 
effect on children, is it difficult to 
wonder why some people fear that 
one day microwaves might also be 
discovered to have a harmful effect 

on humans? However, whether this 
fear is strong enough or valid 
enough to keep potential buyers 
away from purchasing microwave 
ovens remains to be seen. 

All the sides in the microwave 
oven controversy are currently act
ing in a self-constructed vacuum. 
Frankly, there are no fully accepted 
standards for knowing exactly how 
much microwave radiation can 
safely be absorbed by human be
ings. The notion that microwave 
radiation is not cumulative may be 
valid, but there is no substantial 
proof that effects from any 
microwave radiation are not 
cumulative. The amount of radia
tion leakage from any given 
microwave oven depends on the 
quality of that oven and the care 
and maintenance of it by the owner. 
There are certainly no guarantees 
that your microwave oven will not 
exceed the 5 mw/cm2 level set by 
law, given enough time and enough 
use. 

What the issue seems to boil 
down to is a tradeoff. If you believe 
the claims of the microwave oven 
manufacturers, if you trust the 
microwave emissions levels to be 
safe for human consumption and if 
you do not feel that subsequent 
harmful evidence will be uncovered 
about microwave radiation levels, 
then the microwave oven is safe for 
you to use. There is strong evidence 
to support this position. 

If you do not trust microwave 
emission levels, if you do not trust 
the infallibility of the safety 
features on microwave ovens and if 
you do believe that subsequent 
evidence may be uncovered proving 
that minimal microwave radiation 
exposure may be harmful, then the 
microwave oven is not safe for you 
to use. There is also strong evidence 
to support this position. 

The only plain and simple fact 
uncovered in the whole muddled 
area of microwave oven safety is 
that despite all the assurances in 
the world, nobody is talking about 
microwave radiation from an im
pregnible position. All the facts are 
simply not in yet. 

If you do decide to buy a 
microwave oven, here is a piece of 
advice. When you are cooking with 
it, stand to one side, about five feet 
or more away from it. You might as 
well be on the safe side. 
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I 
If you are truly a student, then you will always ask questions. At the 

close of another school year, the Technolog has decided to ask just a 
few pertinent questions that should be on the minds of most engineer
ing and science students. 

Because of our limited resources, the answers are not as complete 
as we would like them to be. Clear-cut, simple answers to questions 
like these are rarely apparent and when available, they usually prove 
inadequate. 

We have tried not to be a mile wide and an inch deep. We have also 
tried not to preach, dictate or lecture. What we have tried to do is pro
vide you, the reader, with some alternatives, perhaps a fresh insight or 
a view you may not have heard expressed before. We think that pro
viding alternatives is what education is all about ... 
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Many I.T. students feel that 
the undergraduate student is 
discriminated against. They 
feel that certain departments 
and faculty are more conA 
cerned with educating 
graduate students and turning 
out professionals in specific 
fields than with training stuA 
dents on an undergraduate 
level. Most faculty members 
we spoke with, disagreed. 

compiled by Paul Burtness 
& Robert Pirro 
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Science and engineering stu
dents must not only be familiar 
with knowledge in their own 
fields, but they must also be 
aware of how science and 
technology function in society, K. 
S. Kumar, an electrical engineer
ing professor, says. 

((It is easy to design and build 
utopias, but what do you do if 
nobody wants to live in them? Do 
you want real or plastic people to 
live in them? 

((A complete solution to prob
lems is not necessarily supplied 
by technology alone. 

((Science and engineering stu
dents should know something 
about social institutions. They 
should know who they are and 
how to approach them. Students 
should also learn that they can't 
just shove any technology down 
the throats of the public. 

((But I'm not too crazy about 
setting up courses just for 
engineering students. They have 
to learn how to interact with 
other professionals by taking the 
types of courses they take. 

('Also, I don't like to see every 
course that way. Science and 
engineering students still have 
to know their bread and butter. 
The primary concern is still to be 
a good engineer because the time 
has not come yet that an 
engineer is hired because he's a 
fair engineer but has good social 
awareness." 

The structure of IT classes will 
play a role in this. ('Ideally you 
would have fifteen to twenty 
completely prepared students in 
a class. Then you could spend 
most of the time in discussion. 

((But the present mixture of 
large lecture and small recitation 
classes, which has been in effect 
for five years or so, is an ex
cellent compromise. It has really 
made a difference in terms of stu
dent understanding. Many de
partments are doing it and it 
seems to be the trend of the 
future." 

Moves to make the social 
sciences a more integral part of a 
science and engineering educa
tion may be desirable but they 
may not be fulfilling the original 
intent of liberal education re
quirements for all University 
students, William Shepherd, 
former vice president for 
academic administration and an 
electrical engineering professor, 
says. 

('The present liberal education 
requirements were a conse
quence of a question posed by 
University president 0. Meredith 
Wilson around 1961. 

((He asked, what ought to be 
the hallmark which the 
University of Minnesota im
prints on all of its graduates, re
gardless of what their field was 
going to be. 

('The upshot of this was that a 
background knowledge of society 
and the world was something 
that everyone ought to have. 

''I can understand the de
sirability of social science courses 
like that to help the engineer un
derstand the impact of his work. 
But I hope the intent isn't simply 
to make an engineer technically 
competent rather than keeping 
in mind that an engineer should 
be an educated citizen." 

Pertaining to graduate and un
dergraduate education, ((there is 
a lack of understanding of the re
lationship between graduate and 
undergraduate. Somehow there 
is the feeling that everything 
that is taught at the under
graduate level is somehow just 
there. But where does that 
knowledge come from? Research 
at the graduate level is develop
ing today what will eventually 
be taught to undergraduates. 

((Also, I think you'll find that 
the teacher who is still a student 
himself is going to be a far more 
stimulating teacher than the in
dividual who has learned all he 
is going to learn. 
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''I don't feel the undergraduate 
is slighted over graduates in civil 
engineering" said Ladislav 
Cerne, associate professor of civil 
and mineral engineering. "Here, 
the undergraduate is the center 
of attention. People go directly 
from being undergraduates here 
to the firms and if there is a poor 
performance, by him we get im
mediate feedback from the com
pany. 

''A four year program is the 
miserable minimum for a 
bachelor of civil engineering. I 
would stress that everybody take 
a fifth year of study so that you 
go out into the world not as an 
embryo but to be a more mature 
civil engineer. This is the Euro
pean program and a fifth year 
there is common. 

"Undergraduate education 
must be improved by being ex
tended for a fifth year. They 
should also stop mixing pro
fessional training with general 
education." 

Commenting on the functions 
of the University, Cerne said, 
"the student should be trained in 
other areas by the time he 
reaches the University, and he 
should take only his professional 
training at the University. The 
student now is being loaded 
down with CLA courses. He 
should take these courses, if he 
feels he should, outside his pro
fessional training, on his own 
time. To take eight credits for 
freshman English out of the 
engineering program is a bad 
mistake. He should be taking 
valuable professional courses. He 
ought to build a professional 
career here, there shouldn't be 
any compromise." 
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Science and engineering stu
dents might be facing larger 
classes in the future and they 
might have to stay in school 
longer to finish up all their re
quired classes if the decline in 
instructional funds for the 
Institute of Technology con
tinues, Paul Cartwright, assis
tant dean of IT, says. 

''It's something we can't do 
much about. We're in a real bind 
in some of our departments. The 
only solution is to hope that the 
legislature gives us the money 
we need. 

"The result of the decline in 
funds could be larger classes but 
the place it really hits home is 1n 
the laboratories. 

"We're going to have to limit 
the number of sections and the 
number of students in those sec
tions. 

''Our enrollment is now in
creasing again. We somehow 
have to take care of those stu
dents in face of cuts in funds." 

As far as the changing nature 
of an IT student's education goes, 
''there's more emphasis on the 
type of courses that tie together 
the social sciences and engineer
ing fields. There are more and 
more of those things being set 
up. There are courses in the his
tory of science and engineering, 
interdisciplinary programs, and 
so on. 

"Soon there will be twice as 
many women engineers as there 
are now. And they have a 
slightly different slant on their 
interests than men. 

''As scientific knowledge 
grows, there's always pressure to 
add more technical material at 
the expense of something else. 

''We have to have twenty per
cent of our work in the liberal 
education area, though. 

"The quality of teaching in IT 
is as good or better than most 
other departments of the 
University. But students are 
more inclined to speak up these 
days. And the administration of 
IT is more than willing to move 
on student suggestions. 

''There's no question about it, 
excellence has to start at the un
dergraduate level." 

Prof. K.S. Kumar 

Prof. William Shepherd 

Prof. Ladislav Cerne 

15 



16 

Remarks by Vice President 
Gerald R. Ford, Chattanooga 
Area Engineer's Week, Chat
tanooga Choo Choo 
Restaurant, F.ebruary 18, 1974. 

I am honored to have the op
portunity to address your 1974 
Engineers' Week here in this vital 
electrical and energy center know 
as ~(the dynamo of Dixie". 

There is a growing awareness 
that the engineer and the skills 
that he commands are among our 
greatest resources. Today as never 
before this great resource must be 
used wisely and well ... 

In the Fifties our engineers 
forged ahead with new weapons for 
our defense. 

In the Sixties American engineer
ing put Americans on the moon in a 
single decade. 

Now, in the Seventies we turn to 
the engineer to help solve the 
energy crisis. 

The American engineer has the 
talent and the ability to solve the 
energy problem. What we lack is 
the time required to bring our skills 
into effective action. Fortunately, in 
this crisis as in similar situations 
in the past, ingenuity can be a sub
stitute for time ... 

We have 1.8 trillion barrels of oil 
which can be unlocked from the 
shale formations in Colorado, 
Wyoming and Utah, with the 
proper technology. This is more 
than the proven reserves of the 
largest Arab oil producers in the 
Middle East. 

We have half the free world's pro
ven coal reserves, enough to last for 
centuries. It awaits the 
technologies for effective conversion 
to clean gas and liquid forms, and 
the technologies which will permit 
us to mine these vast reserves 
without despoiling the land. 

Forty per cent of our potential oil 
and natural gas reserve lies un
tapped on the Outer Continental 
Shelf. Not a single exploratory well 
has been drilled on the Atlantic 
Outer Continental Shelf. There 
must be strong assurances that the 
ocean drilling can be done without 
the risk of serious environmental 
damage. 

Once the Alaskan pipeline starts 
flowing, we can start developing 
the huge resources in our largest 
state. No one really knows the ex-

tent of those reserves. 
There are millions of acres of pro

ven and potential geothermal areas 
in the western states. Technology is 
needed to make them economically 
useful. 

Research- much research- is 
needed to perfect the use of solar 
energy, perhaps our greatest un
tapped energy source. 

There are more- but those are 
some of the challenges American 
engineers have to meet and con
quer. 

There is still a greater- even 
more vital- challenge in which 
your help is of the greatest im
portance. 

I predict that project Indepen
dence- President Nixon's program 
for making the United States self
sufficient in energy needs- will be 
supplemented by Project Inter
dependence. That is the worldwide 
cooperation of mankind to solve the 
dilemma of constantly growing 
populations and energy needs, 
against a finite supply of mineral 
resources. This goal of worldwide 
cooperation is being brought within 
reach by this Administration. 
Project Interdependence can 
flourish in the climate of peace 
created by President Nixon's world 
policies. 

We are fostering a new spirit in 
the world- a spirit that will 
transcend temporary differences. 

Dr. Kissinger, our Secretary of 
State, summed it up recently when 
he said: ~~we know that the energy 
crisis indicates the birth pangs of 
global interdependence. Our 
response could well determine our 
capacity to deal with the interna
tional agenda of the future." 

Your work as engineers will be 
part of our.response. 

You are hastening the day when 
mankind will share its collective 
genius to bring about an era of 
worldwide peace, well-being and 
understanding. But the work has 
only just begun. 

We must all take part. It will re
quire greater effort, greater 
thought, greater ingenuity, greater 
concern from each one of us. 

The challenge is huge. 
But the goal is the dream of 

every thinking person. And the 
goal is within our reach. Let us 
grasp the opportunity. 

I thank you. 
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Remarks by Richard Nixon, 

Sept. 21, 1972. 

eeDon't ask me what a breeder re
actor is; ask Dr. Schlesinger. But 
tell him not to tell you, because un
less you are one of these Ph.D.'s you 
wouldn't understand it either, but I 
do know that here we have the 
potentiality of a whole new 
breakthrough in the development of 
power for peace. That means jobs -
jobs for this area, and jobs and 
power for hundreds of millions of 
people all over the world . . . 

All of this business about breeder 
reactors and nuclear energy is over 
my head. That was one of my 
poorest subjects, science. I got 
through it, but I had to work too 
hard. I gave it up when I was a 
sophomore. 

But it has always been fascinat
ing to me because it seems to me 
that if a people are to be a great 
people, we must always explore the 
unknown. We must never be afraid 
of it ... 

I live, as you know, in California, 
down in San Clemente. Right next 
to us, within a couple of miles, is 
one of the new nuclear power 
plants. 

Many are afraid to live there 
because they fear what could hap
pen with regard to that peaceful 
nuclear power plant. I am not 
afraid to live there. I am not afraid, 
not because I know much about it, 
but because what I do know tells 
me that here we have a new source 
of energy ... that is absolutely im
portant to the future of the world. 

Commentary 

These two addresses de
monstrate the current ad
ministrations feeling towards 
the engineer and the scientist. 
The two highest political figures 
in our country take a position 
which has been consistent gov
ernmental policy since the first 
world war. This policy regards 
the engineer as a natural re
source. Applied science, and the 
scientists themselves, are to be 
manipulated by the government 
to produce what the federal 
bureaucracies want. Period. 

The primary bureaucracy pres-
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sing demands on the scientist 
is the Pentagon. Other related 
bureaucracies include the 
Atomic Energy Commission 
(AEC). Both of these 
bureaucracies are inter-related 
and, to some degree, in
terdependent. As true 
bureaucracies, they are in
terested primarily in their own 
survival, even at the expense of 
individual members and those 
individuals affected by their 
policy decisions. _ 

The history of the AEC, for ex
ample, is a shabby collection of 
situation after situation where 
the needs of the government are 
their only consideration. They 
assume liscense in callously dis
regarding the safety of the in
dividual citizen. 

The Nixon remarks on reactor 
safety are quite meaningful on 
this point. They show a man 
who values jobs, heavy industry, 
defense and the necessity of 
maintaining the status quo. This 
stance is maintained in the face 
of serious and widespread con
cern over the safety of breeder 
reactors, to say nothing of their 
overall efficiency. As far as 
Nixon is concerned, it is "full 
speed ahead" without knowing 
what lies around the next cor
ner. This is the typical attitude of 
the politician, especially the 
politician who knows nothing 
about science. 

The Ford speech is 
particularly meaningful in that 
he addresses himself directly to 
engineers and pats them on 
their collective backs for being 
great resources. Again, in solv
ing the energy crisis, the 
engineer is to be a tool used to 
achieve goals set by the govern
ment, not by the individual 
himself. Ends, not means, are 
important to the government. 

Particularly interesting is the 
rundown of potential energy 
sources which Ford hammers 
on. In typical political jargon, 
Ford paints a rosy picture of un
limited potentials for American 
energy production, while ignor
ing serious shortcomings in 
each area. 

For example, Ford conven
iently neglects to mention that 
the oil extracted from shale is so 

costly at this time that major oil 
companys are hesitant to even 
begin exploration without 
generous government as
sistence. 

The vast majority of coal re
serves in this country will have 
to be mined using strip mining, 
which under the present 
technologies, totally wastes the 
land. 

The Outer Continental Shelf, 
is too far out at sea for conven
tional drilling. It would also be 
ecological suicide if oil com
panys began indiscriminate drill
ing there. 

The Alaskan pipeline is years 
away in construction, let alone 
pumping the production of oil 
wells. 

Potential geothermal areas in 
the western states are a fancy 
term for deserts. Like solar 
energy, the potential is indeed 
there and research and 
technology, which means 
money, is needed if they are to 
be exploited. However, Ford 
omits the fact that there is little 
money coming from the govern
ment in these areas. They are 
concentrating on the nuclear re
actors. 

Project Independence, a slick 
political idea designed to win 
votes and support from the 
general public, is already being 
dismissed by the responsible 
scientific community as being 
unfeasible. 

The government "War on 
Cancer" spotlighted recently in 
an NBC television news special 
report, points out the typical 
governmental approach to 
science-give us results. In the 
cancer war, money is being 
diverted from basic research 
and funded directly to cancer 
studies. This has many medical 
people up in arms because while 
the short term effects may be 
beneficial in the fight against 
cancer, the long term effects 
may be disasterous to medical 
science as a whole. 

This is the way of the politi
cian. Treat the effects not the 
causes. Worry about ends, not 
means. Manipulate all your re
sources to achieve those ends. 

Engineers, scientists, you are 
the means. Beware. 
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One chemical engineering 
professor, when asked to 
respond to this question, 
replied that he Hdid not want 
to be quoted on this subject 
(ethics) because I haven't 
given it a great deal of 
thought." Fortunately, some 
other professors were not so 
reluctant to speak on this sub
ject. 

compiled by Robert Pirro 
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"Ethics is a personal matter" 
said J. E. Holte, electrical 
engineering professor. ''Ethics 
can be equated to personal 
responsibility, where you refrain 
from doing certain things. It is 
not so much ethics as it is 
personal behaviof. 

"Ethical responsibility is a 
vyillingness to assume individual 
responsibility. The important 
question seems to be: would you 
be willing to stand behind what 
comes of your work? 

"If the answer is yes, then you 
are acting ethically. If the 
answer is no, then you are acting 
from a questionable moral base. 
This is frightening in a com
plicated technology where in 
most cases you do not have con
trol over the results of your 
work. The situation ethics person 
cannot anticipate every possible 
case." 

In discussing the field of 
engineering, Holte said ''I don't 
think engineering is different 
from other activities. You are 
working in the public interest. 

"In knowing how your 
knowledge will be used there is 
the question of reasonable 
likelihood. You ask; does it feel 
right to me? In other words, it is 
conscience. There are a certain 
large area of decisions we make 
because they feel right or wrong 
to us." 

On the nature of ethics, Holte 
felt that "ethics are not just 
passive. They are powerful. They 
include not letting potentially 
bad consequences from the 
bad acts of other's come to pass. 
This is where the tougher de
cisions come. 

"The lack of professional 
responsibility and ethical 
behavior tend to divide us into us 
and they camps. We feel that 
things and people outside of us 
are different and these are the 
seeds of unethical behavior, 
which is often performed in a 
very sincere way. 

"When you take individual 
responsibility, you realize that 
others are not different from you. 
Collectively or individually, they 
are just like us. If you operate 
out of this basis you will decide 
on the greater good for the 
greater number of people. 

''There is an ethics rule. It's 
not as strong as the doctors code 
of ethics, but then again, many of 
them don't follow theirs either." 

Professor Fulton Holtbe, 
mechanical engineering, feels 
that in ethics "the most impor
tant thing is to stick to the facts. 
Stick to the facts, use good 
engineering principles in design, 
processing and materials selec
tion. 

"Ethical conduct is also using 
the latest technological informa
tion thats been proven. That is 
keeping up with the state of the 
art." 

Since Professor Holtbe is fre
quently called on to testify in 
court cases, most of his ethical 
examples referred to legal situa
tions. "There is very poor ethics 
in the courtroom. Some en-
gi neers try to become lawyers 
and try to win the case. That is 
absolutely against professional 
ethics. An engineer deals with 
facts. 

''Some people try to snow you. 
Perhaps defining terms is a part 
of ethics. Some professors and 
engineers use a. lot of fancy 
terms and nobody knows what 
the devil they said. They are not 
being ethical because they are 
not dealing with the facts. They 
are playing games. 

''What often happens in court 
is that an engineer's original de
sign is valid, then advertising or 
somebody else comes along and 
perverts it. They spoil the 
engineering ethi<.:. 

On getting involved in cases 
Holtbe advises ''never ambulance 
chase. Don't look for jobs like 
some engineers do. Its bad ethics. 
I wait for them to call me and 
then go with whoever calls me 
first. Whoever wants my services 
first, gets my services, regardless 
of who contacts me afterwards. 
And I stick to the facts, whether 
they have a case or not. 

"What I do and say, nobody 
controls. Thats why I like to be 
on my own." 

In all cases, Holtbe feels that 
"the engineer should follow the 
definition of engineering in 
W ebsters dictionary. And you 
should always base your opinions 
on the facts as you know them." 
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In discussing personal 
responsibility in engineering, 
professor Perry Blackshear, 
mechanical engineering, agreed 
with the belief that the engineer 
is responsible to himself, his 
employer and the people who will 
be affected by his work, usually 
in that order. ~'You can always 
justify what you do as an 
engineer. Since you are one of 
the good guys and they are the 
bad guys, any engineer can ra
tionalize and justify what he is 
doing as being work done for the 
overall benefit of mankind. 

~~of course, the engineer can 
also ask himself whether this 
work is the best thing he could 
do. with his time and effort." 

Blackshear explained that '~in 
the past decade, engineers have 
realized environmental and 
social constraints that did not ex
ist previously. It is the job of the 
engineer to give the hows and 
whys to society when they need a 
given problem solved- to work 
out the technology and tell 
others how and what to do. 

"Now there is tremendous in
terest in the engineer's role in 
the environment. It seems to be 
discussed at every engineers 
meeting." 

Discussing what motivates 
engineers, Blackshear noted ~·a 
strong influence on the engineer 
is the public's willingness to 
spend money on what the 
engineers will produce. This in
fluence is felt directly through 
the large corporations. 

''My feelings toward tech
nology here is that engineers 
are primarily employed by the 
big corporations in the United 
States and all their engineering 
developments are aimed at im
proving the performance of those 
large corporations. This is 
engineering in the large. 

nThere are few institutions de
signed to encourage engineering 
in the small - the types of 
things that would benefit in
dependent men, like the small 
farmers. 

''Engineering in the large is 
designed to make man dependent 
on mass production. Engineering 
talent should also be rewarded 
for developing technologies for 
engineering in the small." 
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Response By Freshmen 
Engineering Students To A 
Lecture In EE 1 aOOO, Introduc
tion To Electrical Engineer
ing, Entitled Pro{essionalis1r4 
Ethics and Your Enf{ineering 
Societies. 
I thought it was rather boring 
but it did bring up many things I 
never thought of. 

* * * 
Not reall bad, but I did like what 
we where doing before bet
ter. (This was the spelling the 
author used.) 

I didn't realize that there were so 
many types of engineers. 
However, it seemed to go in one 
ear and out the other. I'm sure 
that I will forget virtually every
thing about this particular lec
ture by the end of the quarter. 

* * * 
The ethics of engineers is an idea 
I would like discussed by an 
engineer and employer of 
engineers to get both sides of 
statements. 

* * * 
It got me to think about the 
ethics part seriously. 

* * * 
I hadn't thought too much about 
the ethics problems involved in 
engineering. I didn't realize that 
it was a big enough problem for a 
national society to pay attention 
to. 

* * * 
Ethics was okay but rather 
vague. 

* * * 
I am really interested in the 
ethics that guide the career of 
any professional. If there was 
more internal contact in the 
engineering field as there is in 
the medical or law fields; then as 
professionals we could control 
our own ranks. It should be up to 
professional engineers to decide a 
code of ethics for all engineers to 
follow, and to handle infractions 
of the code within the profession. 

* * * 
An interesting speaker. He made 
a good point on how much we all 
don't know about engineering 
rules and the laws about 
engineering. 

Prof. Fulton Holtbe 
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The corporation is the 
largest and most powerful inD 
stitution, short of some govD 
ernments, in the world. It 
directly affects and regulates 
our lives. 

In the United States we 
have control over our most 
powerful institution, our gov~ 
ernment. But what sort of 
controls could we have over 
our second most powerful in
stitution, the corporation? 

compiled by Laurence Yarosh 
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The strongest control over 
scientific development is exercised 
by the companies that provide the 
engineer's paycheck. Ralph 
Nader, the "rpublic citizen" whose 
campaign in support of con
sumers has commanded national 
attention for over eight years, 
claims that their power is too 
great - the great corporations sti
fle technical developments that do 
not profit them and hide the 
harmful side effects of their 
operations. 

Nowhere has this issue been 
more important than in the 
Reserve Minin{? trial. Nader was 
in Minneapolis in late Apri~ days 
after a federal jud{?e ordered the 
closin{? of Reserve's plant for con
taminatin{? Lake Superior with 
asbestos fibers. Besides criticiz
ing Reserve, Nader sug{?ested a 
unique control on corporate 
power: A {?overnment takeover of 
irresponsible companies throu{?h 
a declaration of "'environmental 
bankruptcy." 

Yet the {?overnment alone can
not control "crime in the suites." 
From the beginning Nader has 
campaigned for increased 
responsibility amon{? the pro
fessionals who work for corpora
tions - in particular the scien
tists and engineers who desi{?n 
the factories and products, and 
must defend them in public. 

We present, first, excerpts from 
Nader's April 23 press conference 
in Minneapolis. TheT4 Nader's 
thoughts on professional re
sponsibility; 

Ralph Nader 

COMME T 
~~The Reserve Mining issue is 

now a matter of national atten
tion. The issues in this trial are 
not being given sufficient pro
minence in other contexts, 
namely, that the issue is one of 
corporate criminality. Here you 
have a corporation owned by two 
other corporations based in Ohio, 
Armco and Republic steel, who, 
for years, refused to analyze the 
nature of its dumpings into the 
air and into Lake Superior, thus 
displaying acute criminal 
negligence in its operations. And 
after it was pointed out to them 
the nature of the asbestos pre
valence, they fought ·to delay, to 
obfuscate and to cover up. This 
is a performance which can only 
be· characterized as criminal. You 
have a corporation confronting a 
major health hazard with the 
financial resources to overcome it 
and with the alternative 
technology to implement it. 

~(Because of the seriousness of 
this type of criminality, it is 
quite clear that our laws are far 
too permissive for such corporate 
behavior. We need a strengthen
ing of our laws, particularly to 
transform such corporate 
criminality into a form of en
vironmental bankruptcy, where 
the courts appoint public 
trusteeships to manage the com
pany until it can treat its 
workers and its neighbors with 
elementary concern about their 
public health. 

((For instance, if the creditors 
of Reserve Mining were not get
ting their bills paid, they would 
have legal rights to throw that 
company into bankruptcy. The 
judge will appoint trustees and 
he will distribute the assets or 
see that the creditors are paid 
off, as they are entitled to be. On 
the other hand, you have com
panies that are poisoning 
systems in the environment and 
exposing workers and neighbors 
to these serious hazards, and the 
law does not have a provision to 
throw this company into environ
mental bankruptcy which will 
still permit it to be operated, but 
only if the public's health is re-
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cognized by a team of trustees 
appointed under due process by 
the courts. If we've got creditor
induced bankruptcy laws in this 
country, we ought to have en
vironmentally-induced 
bankruptcy laws. Because what 
is occurring is that the managers 
of these companies and their 
masters in Ohio are absolutely 
invulnerable to the legal process. 
They are not going to jail, they 
are not going to be fined, and 
they are not going to be removed. 
And because they have such an 
established tenure of position, 
they are acting irresponsibly." 

ANALYSIS 
~·scientists have not displayed 

much commitment to giving a 
broader significance to their 
work," Ralph Nader told his bio
grapher, Charles McCarry. 
"They have been in possession of 
information that is relevant to 
the elimination of -millions of 
casualties, and the expertise to 
utilize that information, (but) 
they have shown only a slight 
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appreciation that their special 
roles should require them to 
state forcefully in public forums 
the issues for discussion and re
solution." 

Ignorance by scientists of their 
nspecial role" has allowed 
manufacturers to ignore 20 years 
of safety technology in building 
automobiles the auto 
engineers "did not have the pro
fessional stamina to defend their 
engineering principles from the 
predatory clutches of the cost 
cutters and the stylists." It has 
also produced supermarkets full 
of food of doubtful safety and 
nutritive value. "These putrid 
foods taste good", Nader told a 
Minnesota audience, ~'because of 
the misdirected genius of modern 
chemistry." 

Nader's answer to the sub
missive scientist is two-fold. One 
is to encourage the professional 
employee to speak out. His book, 
Whistle Blowing: The Report of 
the Conference on Professional 
Responsibility gives numerous 
examples of professionals who 
exposed institutional crime, from 
the cost analyst who discovered 

the cost overrun on the Air 
Force's C5A aircraft to the 
Japanese engineer who was 
jailed for criticizing the Japanese 
automakers. The Clearinghouse 
for Professional Responsibility 
provides confidential advice and 
help for professionals who want 
to "blow the whistle" on their 
employers with minimum risk to 
themselves. 

His second answer is to create 
scientific organizations free of 
commercial obligations. In con
trast to the professional societies 
who, Nader says, are ''indentured 
to the companies they are serv
ing in the first place", the Center 
for Science and the Public In
terest is a scientific equivalent of 
Nader's Raiders, employing five 
full-time scientists on an annual 
budget of only $20,000. "Beneath , 
all aspirations and all changes," 
Nader says, "must be a commit
ment to solve the problem of 
deployment of scientific man
power into new careers that rest 
. . . on the conscience of the· 
scientist and not the organiza
tional dictates of the employer." 
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What are the extent and 
scope of freedom that science 
and technology give man? 
Science and technology have 
always been lauded for free
ing man from want. But the 
way that science and 
technology do this puts other 
constrictions on man's 
freedom. What are these con
strictions and are they caused 
by how we use science and 
technology or by how they use 
us? 

by Paul Burtness 
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A modern automobile assembly 
line is a marvelous thing to behold. 
On it, thousands of individual parts 
are efficiently and uniformly mated 
into a bewildering diversity of pro
ducts. We may be amazed that no 
two snowflakes are alike; we may 
be awed that nature has made each 
human fingerprint unique. But on 
one assembly line producing only 
one· model of car, a single assembly 
line worker, or his robotic' 
equivalent, could work steadily for 
a hundred years before seeing a car 
that was identical to an earlier one. 
Engine sizes, drive trains, paint 
jobs, upholstery and other options; 
the permutations and combinations 
accumulate. 

Multiply this tremendous 
capacity for diversity by dozens for 
the different models of cars. 
Multiply it again by another dozen 
for the number of worldwide auto 
manufacturers. Imagine all this at 
the command of the individual car 
buyer, who can take delivery of any 
of the majority of these vehicles at 
almost any location in the United 
States. Then you will have an ln
dication of human choice. 

Yet, in many places, it is 
virtually impossible for an in
dividual to choose to travel a 
significant distance without an 
automobile. And, in many places at 
certain times, the congestion of 
these vehicles make it almost im
possible for an individual to travel 
with an automobile. These vehicles 
inflict more casualties than armed 
conflict. Their fuel requirements 
aggravate international tensions. 
Their pollutants shorten life spans. 
And yet, an individual cannot 
choose to be a legitimate citizen of 
many societies without owning one 
of these vehicles. 

Imagine the difficult position of 
an individual who wishes not to be 
part of this transportation system. 
Then you will have an indication of 
human choice. 

Most discussions of human 
freedom lead eventually to human 
choice and action on those choices. 
To the extent that those choices or 
actions are limited, human freedom 
is limited. Limitations on human 
freedom can be either internal or 
external. One external limitation to 
human choice is material condi
tions. Freedom from want of food, 
clothing and shelter is basic to all 

other freedoms. If some material 
need is not met, other choices and 
actions must be sacrificed to meet 
material needs. 

It is at this point that science en
ters its role in determining the ex
tent of human freedom. Science is 
the systematic accumulation of 
knowledge about the physical 
universe. Knowledge of the physical 
universe is only part of the 
knowledge that human beings have 
access to; science is only one means 
of accumulating knowledge. Those 
who would make science the 
superior means of accumulating 
knowledge are not only expecting 
more from science than it is capable 
of giving, but also ignoring the 
potential of other ways of ac
cumulating knowledge. 

Knowledge of the physical uni
verse implies manipulation of 
material conditions. That is 
science's relation with technology. 
Technology is the expression of 
science through human choice. 
Since science cannot accumulate 
knowledge of the universe without 
manipulating material conditions, 
science cannot exist without 
technology. Science and technology 
together make up one way of know
ing and doing; they can be referred 
to collectively as technique. 

If the extent of human freedom 
depends partially on material con
ditions and technique is the means 
of manipulating material condi
tions, the extent of human freedom 
depends partially on technique. If 
human freedom consists of choices 
and some choices are governed by 
material conditions, the sorts of 
techniques available to humans 
will determine the choices that can 
be made. 

We can safely say, then, that 
technique establishes the material 
limits of human freedom at any 
particular time. We can also say 
that technique, to a large extent, 
determines how human freedom 
will be exercised at any particular 
time. 

To show this, look at that exam
ple of automobile manufacturing 
again. The techniques of manufac
turing and labor management, 
among others, establish the extent 
of choice we have in selecting an 
automobile. The techniques of 
marketing and advertising, among 
others, determine to a large extent 
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that we will exercise our choice to 
buy a car. 

So far this argument has been an 
analysis. Its propositions and con
clusions are subject to the same 
critical evaluation as any other 
analysis. No values have been ex
pressed. 

Values are another sort of 
knowledge that humans have ac
cess to. Value knowledge also de
rives from experience in the 
physical universe. But it is not 
universal and cannot be arrived at 
scientifically. Value knowledge is 
another basis of human choice; this 
is the choice between what is right 
and what is wrong. 

If you have ever been a student 
at a large university, you have been 
part of a bureaucracy. Doing busi
ness with a firm that employs a 
hundred people or more puts you in 
contact with a bureaucracy. When 
you drive on a freeway, you use a 
service provided by a bureaucracy. 
Entering a large hospital brings 
you within the physical domain of a 
bureaucracy. 

The common denominator of all 
these examples is size; they are all 
large organizations. These large or
ganizations could not exist without 
bureaucracies. Without large or
ganizations, there would be no need 
for bureaucracies. 

Any organization is a collective of 
individuals whose actions converge 
on some purpose. A bureaucracy ac
complishes this with a system of 
positions and relations between 
those positions. The behavior of 
each position is defined in terms of 
that position's relations with other 
positions. Most positions within the 
bureaucracy have required 
behaviors that are several levels 
above what machines are capable 
of. That is the reason why people 
fill most positions within a 
bureaucracy. That fact does not 
necessarily make the bureaucracy a 
human organization. The survival 
of a bureaucracy is dependent, not 
on the importance of individuals, 
but on their replaceability. 

There are two important charac
teristics of the bureaucracy. The 
first is its consciousness of purpose. 
It is designed for a specific end. Its 
goal may be to accredit students, 
produce goods, provide trans porta
tion, or treat sick people. It has one 
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measure of its success in achieving 
that goal and that is efficiency. 
This does not mean that bu
reaucracies are the most efficient 
way of getting things done. Rather, 
it means that bureaucracies 
measure their success in terms of 
how much of one particular re
source, usually money, is expended 
to accomplish their goals and, more 
importantly, to keep the bu
reaucracy running. 

The first reaction of the 
bureaucracy is resistance. 

The second important charac
teristic of the bureaucracy is its un
consciousness of purpose. In
dividuals within the bureaucracy 
tend to forget that it is not their 
personal decisions that make up the 
behavior of the bureaucracy, but 
the defined set of relations between 
the positions of the bureaucracy. 
This set of relations usually tend to 
direct the behavior of the bu
reaucracy in one general direction. 
The bureaucracy may have one or 
more conscious goals; but an un
conscious goal of the bureaucracy is 
survival. Its first reaction to a 
hostile, changing environment is 
one of resistance; if it has enough 
power, it will begin to manipulate 
the environment to guarantee its 
survival. 

Bureaucracies themselves are 
techniques and, by definition, 
techniques cannot be bu
reaucracies. But techniques can be 
bureaucratized. In fact most of our 
current techniques, or ways of do
ing things, are bureaucratized. 

A technique becomes bu
reaucratized when it is ad
ministered by a bureaucracy, when 
new features of that technique are 
generated by a bureaucracy, and 
when it acquires some of the un
conscious characteristics of a 
bureaucracy. The other charac
teristic of the bureaucracy, con
sciousness of purpose, is an in
herent aspect of any technique. 

Transportation in the United 
States, for example, has been 
bureaucratized. The companies that 
build the transportation vehicles 
are bureaucracies, some of the 
largest ones in the world. Fuel is 
supplied by bureaucracies and 
bureaucracies supply the rules and 
regulations of transportation. In-

novations in transportation are pro
duced, by and large, by bu
reaucracies. The tremendous re
sistance of the auto industry to 
safety and pollution standards is 
not so much evidence that ir
responsible people fill the positions 
in the industry. Rather, that re
sistance is the survival aspect of 
the bureaucracy's unconscious 
characteristics. 

Energy production, food produc
tion and health care have also been 
bureaucratized to a large extent in 
the United States. 

All bureaucracies are techniques 
and most current techniques have 
been bureaucratized. But not all 
techniques have been bu
reaucratized. This analysis of 
bureaucracy would be a waste of 
time unless there were alternatives 
within the realm of human choice. 

Dig up a piece of ground with a 
spade some time and notice how 
you really have to work to get a 
lump of earth turned over. The 
roots of the grasses and other 
plants intertwine tenaciously to 
hold the soil together. From a dis
tance, the patch of ground you just 
overturned looks uniformly green, 
undifferentiated and constant over 
time. Closer examination reveals 
all colors of the spectrum and a 
splendid diversity of plants. Ex
amination over time shows the 
dynamic property of that patch of 
ground as different species pre
dominate and then die out. 

Every vacant lot, unless it is con
tinually trod upon or blasted to 
death with salt or other chemicals, 
will eventually become green again. 
Concrete crumbles as moss grows 
and grass roots force their way into 
the cracks. A cultivated field, will 
become wild again in one season or 
less. 

Human organizations have often 
been described in ecological terms. 
~(Grass roots" is a term referring to 
popular movements that have no 
centralized organization, but spring 
up independently around a common 
idea. In politics as in sod, grass 
roots come in many different 
varieties but are woven together 
into a durable and evolving fabric. 

Grass roots are the absence of 
bureaucracy. When the uniformity 
of bureaucracy is absent, a 
multitude of grass roots can appear. 
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Individuals replace positions and 
responsibilities replace required 
behavior. The survival of a grass 
roots organization depends on the 
durability of individuals, not on 
their replaceability. 

Just as there are bureaucratic 
techniques, there can be grass roots 
techniques. A grass roots tech
nique, rather than being an inte
gral part of a bureaucracy, would 
be used by those individuals in a 
small organization. Rather than be
ing generated by the positions and 
relations within a bureaucracy, a 
grass roots technique would be 
created by member or groups 
within the grass roots organization. 
Grass roots techniques would be 
more limited in scope than 
bureaucratic tech
niques. They would not acquire the 
power that tends to make 
bureaucratic techniques dominate 
the individuals that use them. The 
idea of a grass roots organization 
itself, however, is not a technique. 
It cannot be designed and ad
ministered like a bureaucracy. 

What are some grass roots 
techniques and how do they com
pare with bureaucratic techniques? 
In energy production, small solar 
collectors for space conditioning in 
homes are grass roots techniques; 
square mile collectors for generat
ing electricity on the ground or in 
space are bureaucratic techniques. 
In food production, smaller more in
tensively worked farms with 
cooperative markets distributing 
food are grass roots techniques; cor
porate farming with many layers of 
corporate food processing and dis
tribution are bureaucratic tech
niques. In health care, good nutri
tion, individual preventive 
medicine and community clinics are 
grass roots techniques; huge 
hospitals and federal health care 
insurance are bureaucratic tech
niques. In all examples, the scope of 
organization in the grass roots is 
small, in the bureaucratic organiza
tion large. The potential for 
diversity in the grass roots is great, 
in the bureaucracy small. The im
portance of the individual is great 
in grass roots, but secondary in the 
bureaucracy. 

All of these grass roots tech
niques, plus many more, are within 
the realm of the possible, here and 
now. The fact that bureaucratic 
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techniques now dominate over
whelmingly means far more than 
that human choice dictated 
bureaucracy over grass roots. The 
reason behind that fact lies in the 
nature of bureaucratic techniques. 

Small children learn about the 
world in a seemingly arbitrary 
manner. They probe around them, 
asking embarassing questions that 
do not come in any logical order. 
This way they gradually ac
cumulate knowledge of how the 
world works, and what can or can
not be done. They learn the extent 
and scope of their freedom. 

We too can learn the extent and 
scope of our freedom by asking em
barrassing and childlike questions. 
We can ask questions like: Why 
must the productive capabilities of 
the United States be concentrated 
in a few huge, key firms? Why must 
energy be produced centrally and 
by only a few major technologies? 
Why must food be grown at a 
temendous cost in energy and then 
be marketed through many layers 
of processing to be sold at high 
prices? Why must health care be a 
mysterious matter that only doctors 
and medical care centers can han
die? 

Asking these questions will get 
you one common answer: efficiency. 

But consider the fact that cen
tralized energy production involves 
transmission losses. Consider the 
fact that food production is taking 
more and more energy to produce a 
calorie of food energy or a gram of 
useful protein. Consider the fact 
that in most cases, health care has 
become extraordinarily expensive 
but remains frightening and in
human. Consider the fact that con
centration of wealth in a few in-

We find ourselves with a 
limited scope of choices. 

dustries does not lead to the most 
efficient distribution of resources. 
Then what does the answer that 
these techniques are more efficient 
mean? What does it indicate? 

In a bureaucratic technique, effi
ciency does not mean the relation 
between useful energy consumed to 
produce products, services or some 
other sort of usable output. It 
means the degree to which a tech
nique can be brought under the 

control of the bureaucracy; it means 
the degree to which improvements 
in that technique can be generated 
by the bureaucracy; it means the 
degree to which that technique will 
help insure the survival of the 
bureaucracy. 

The bureaucratic meaning of effi
ciency indicates the fundamental 
limitation of human choice in the 
industrialized, technical world. We 
are limited to bureaucracy by 
bureaucracy. We may have our 
choice of bureaucratic products; we 
may have our choice of bu
reaucratic styles; we may have our 
choice of bureaucracies. But we 
cannot choose anything other than 
bureaucracies. 

Because of this bureaucratization 
of choice, we find ourselves in a 
situation where we have a great ex
tent of choices but a limited scope of 
choices. Furthermore, our scope of 
choices are continually being con
stricted in the direction of 
bureaucracy. That this is the trend 
of the future is indicated in two ma
jor schools of thought. One varia
tion of the (~limits to growth" theory 
calls for intensive bureaucratic 
management of resources on a 
global scale. The counter argument 
to the ~(limits" theory calls for in
tensive technical development to 
constantly expand the limits of the 
possible. In both cases, the boun
daries of necessity always push up 
against and sometimes exceed the 
limits of ability. 

The absence of bureaucracy is 
one choice that should be open to 
the human race. Grass roots tech
niques should be a viable 
alternative to bureaucracy. The 
term grass roots may evoke a sort 
of rural, primitive setting. Most 
rustic settings are grass roots and 
many people will find them de sir a
ble. But if we cannot imagine any 
other sort of grass roots setting, 
that is only an indication of how far 
bureaucracy has swallowed our im
agination. 

Grass roots must be seen as a 
conservation of human potential 
and diversity. In our mad dash to 
accomplish the technically possible, 
we have lost sight of the humanly 
possible. We must change the way 
we do things in order that we may 
more clearly see what can be done. 
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by Laurence Yarosh 

From the hidden garages and un
derground workshops come the 
machines, made from old airplanes, 
motorcycles and industrial lathes. 
They are the result of weeks of 
planning, experimenting and 
frenzied negotiation with factory 
managers. This year, six machines 
challenged Plumb Bob's 500 ft. 
track, and miraculously, they all 
finished. This is their story. 
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Dennis Parvey. Parvey, the 
grand old man of Minnesota 
autobuilding, has won three first 
place awards and a second place 
award in four previous E-day races. 
His fifth effort, a three-wheeler, 
features two independent auto 
starter motors for the rear wheels, 
driven by a single lead-acid battery. 
The current is controlled by a series 
of steel resistors, selected by a 
solenoid activated switch. He placed 
second in both speed and design. 
Last year, his electric "bathtub 
mobile" reached speeds of 30 mph. 
Why build electrics? "They are 
close to being practical," he says. 
"They provide a touch of realism -
you could go to the grocery store in 
one." 

Pat Ferrin. Ferrin helped to 
build Dennis Parvey's 1972 
homemade car. In 1973, he modified 
the car and ran it once again as 
Parvey concentrated on the 
mysteries of bathtub propulsion. 
That effort won him two trophies. 
This year, Ferrin won the trophy 
for best speed, 19 seconds, in beat
ing his mentor, Parvey. The win-

Dennis Paruey's mortorized surfboard. 

ning margin was one second. 
His racing machine features a 

two-speed transmission that he de
signed himself for a ME design 
class and hydraulic disk brakes. 
The compound-wound motor was 
once used to raise and lower 
airplane flaps. The brake compo
nents were salvaged from a Ford 
Falcon and parts for the 

transmission were machined at a 
Whirlpool plant. 

Did he consider any alternative 
to electric power? "Steam power 
was thought of," he said, but legal 
restrictions on design and tJ.!J.e re
quirement of a licensed operator for 
any system over 200 psi in pressure 
interfered. ~(The ·cost would have 
been phenomenal," he said. 

Pat Ferrin surueyinf{ his updated uersion of the Apollo 
Lunar Rouer 

photo of Pat Ferrin and cluttered end of his car 
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Bill Kinghorn. Kinghorn, a 
graduate student in EE, drove a 
monster electric car, a 1958 Ford 
pickup truck fitted with a 10 
kilowatt generator and a hundred 
pounds of auto batteries. Capable of 
speeds up to 50 mph, it covered the 
course in 20.5 seconds. 

The truck's motor is connected 

directly to the differential without 
a power-gulping transmission. ''The 
DC motor is capable of such 
tremendous overload," said 
Kinghorn, that the truck "has good 
acceleration" without using a low 
gear. In practice, the motor pro
duces five times its rated torque 
without damage. 

View from the cockpit of the F-100 electric monster. 

May, 1974 

Kappa Eta Kappa. The KHK 
skonk works came up with the only 
car made from bicycle parts. The 
roadster, KHK's fourth homemade 
car, is driven by two automotive 
starter motors connected by a 10-
speed deraileur to the rear bicycle 
tires. Project supervisor Mike An
derson explained that last year's 
car, also an electric, was hampered 
by numerous problems, including a 
drive train that was set up 
backwards. This year, all parts 
faced in the same direction and the 
car finished the course in 26 
seconds. What about next year? "A 
flywheel driven car", Anderson 
speculated. But their capability so 
far is all in electrics. 

As an additional feature, the 
motor is electrically reversible, al
lowing it to act as a generator arid 
charge the batteries. This "re
generative braking" slows the truck 
almost to a stop without the use of 
normal brakes and converts its 
kinetic energy into electric current. 
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Triangle. The only challenge to 
electricity this year came from 
Triangle fraternity's Mobile Ob
fuscator. Their handy machine 
makes a quick getaway and lays 
down a smokescreen at the same 
time using the thrust of six Onan 
fire extinguishers. The six units, 
filled with carbon dioxide at nearly 
2000 psi, generate 30 lbs of thrust 
each. Fired two at a time, they 
lasted long enough to propel the 
three-wheeler to a time of 29.2 
seconds and a first place trophy for 
design. 

Besides its novel propulsion 
system, the Obfuscator features 
three motorcycle tires and internal 
drum brakes. 

One of the earliest compressed 
air cars ran in 1969, when de
monstrations over the invasion of 
Cambodia forced the racers into the 
obscurity of the river flats. The car 

used a stream of water driven by 
compressed air (similar to some toy 
rockets) and gave an impressive 
performance (there wasn't a dry eye 
in the crowd). 

The next year ASME ran a 
similar device, described by the 
Technolog as a "water-spitting 
bomb." 

Mark Lent, Triangle's chief in
ventor, planned to copy ASME's 
car. They obtained a fire extin
guisher nozzle from Honeywell, con
necting it to a welding gas tank. 
But safety problems intervened; the 
pipes and tank, although safe for 
compressed air, were not designed 
to handle water under pressure. No 
firm in the Twin Cities would ac
cept responsibility for pressurizing 
the tank. Left without any com
pressed air, Lent switched at the 
last minute to C02 fire extin
guishers. 

Trianfile fraternity's Mobile Pneumatic Obfuscator rMPOJ in action. 
Built under a contract from the White House, it can sneak away 
while simultaneously layin{i down a smoke screen. 
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Eta Kappa Nu. The only com
mercially manufactured entry was 
driven by Eta Kappa Nu fraternity. 
The EE Department's Henney 
Kilowatt Electric Car, entered un
der an agreement that made it in
eligible for trophies, limped in at 
30.5 seconds, placing last in both 
speed and design. 

The car's 7.2 horsepower motor is 
connected to the rear axle through 
reduction gears. It has a top speed 
of 35 mph and a range of 60 miles 
per charging with its 12 six-volt 
batteries. Power is regulated by a 
continuous voltage control. The car 
has been rendered obsolete by 
modern vehicles developing up to 
20 horsepower. 

Forestermobile. The School of 
Forestry's entry arrived too late to 
enter the race, but is nonetheless a 
significant improvement over 
earlier efforts. The device consists 
of a modified railroad handcar, two 
foresters and a supply of cinder 
blocks. The propulsion system 
operates as shown in the drawing; 
Forester (a) throws cinder block (b) 
onto road (c) and the car moves in 
the direction shown by the velocity 
vector according to the principle of 
reaction, analogous to a frog jump
ing when a pebble falls too close to 
his lily pad. How fast does it go? 
~'Not nearly as fast as before the 
beer ran out", answered one 
forester. Hit gets even slower when 
the propulsion system runs back to 
pick up his cinder blocks." 

School of Forestry's Lumped Reaction 
Vehicle rLRVJ 
Desif{n is based upon principles dis
covered after many hours of observinf{ 
bull(rof{s. 
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minnesota 

A STUDENT MAGAZINE 
The Tech no I og needs a new crop of 

tal en ted I. T. students to keep up its 
technical orientation and to continue to 
print an award-winning magazine. The 
spirit that brought a thousand students 
onto Church Street on E-day can also 
print a first-rank magazine. 

HELP NEEDED ! ! ! 
Writers, artists, researchers and 

photographers wi II be needed for next 
year. Our present staff is graduating, 
dead or perverted. We are a small 
friend! y operation. The T echnol og has 
made many people happy. For example 
A.C. Courant writes: 

"I worked for the T e chnol og and I 
found fame and fortune. " 
M.C. Squared writes: 

"Working for the Technolog cured my 
external mind tremors." 

We can't promise that working for 
the Technolog will benefit you as much 
as it did these people, but we 
can promise you that we 'II I et you meet 
and touch the editor of the T echnol og. 

ONE LAST TRY 
Remember the fun times on the old 

high school newspaper ? (or dreaming 
about printing one underground) Have 
you always had the urge to express your
self? Have you always wanted to know 
how a magazine is conceived, typeset, 
and keyl ined? Do you want a good ex
perience and a fantastic job reference? 
If the answer is yes to any of these, 
then come to the spring organizational 
meeting: 

3:00P.M. 

Thursday 1 June 6 

Room 2 Mechanical Engineering 

We will begin planning for next yea~ 
magazine. If you can't make it then 1 

call our office at 373-3298 

Computer applications to solve 
a variety of business problems. 
ITS provides immediate access 
to computer resources, three. 
timesharing services, and a 
nationwide network. 

internati<)nal 
tin1esl1ar~ng 
corporation 

ITS building, 
Jonathan Industrex 
Chaska, Minnesota 55318 

COLLEGE 

GRADUATES 
Do you have a job waiting for you 
upon graduation? Did you know that 
one million students will graduate 
from college..s and universities in June? 
Approximately three million will grad
uate from trade and high schools 
Would you like to have an advantage 
over your competition by knowing 
where to apply, how to prepare a pro
fessional brief or resume, and what 
to say while being interviewed? Then 
invest $10.00 in your future by :en
closing a Money Order or Certified 
Check with this coupon and mail today 
for your booklet to: 

RESUME 
P. 0. Box 3331 

South Wilson Station 
Wilson, North Carolina 27893 

Name 
Address 
City 

State Zip 



Minnesota Pollution Control 
Agency, 1935 W. Co. Road B-2, 
Roseville, Minnesota, 55113, needs 
Environmental Engineers with Civil, 
Chemical, or Sanitary backgrounds 
for its Division of Water Quality, Sec
tions of Municipal Works and In
dustrial Wastes. Minnesota Ci vii 
Service ratings require no experience 
for Graduate I Engineer ( $896-
1049/mo.), 2 years experience for 
Graduate II Engineer 
($1,008-1170 mo.), and P.E. registra
tion for Senior Engineer 
($1179-1550/mo.). 

Contact Elaine Johnson, Personnel 
Officer, at 612/296-7308, or at the 
above address. AN EQUAL OP
PORTUNITY EMPLOYER. 

1. 6,500 scholarships. 
2. s100 monthly allowance. 
3. Free flying lessons. 

nroll in ir Force OTC® 

Con tact Prof. of Aerospace Studies. 

At Room 3 Armory, Univ. of Minnesota 
Phone: 373-2205 

Find Yourself A Future In Air Force ROTC. 

PLACEMENT 
ENGINEERS 

PAR EXCELLENCE 
OUR EXPERT GUIDANCE 

AND SERVICE 
DOES NOT COST YOU 

ONE RED CENT 

Nationally recognized as well as small
but-growing employers all over the coun~ 
try have retained our services for the past 
20 years. They pay all our fees, interview
ing and rr_Doving expenses, if a relocation 
is involved. 

Check us out with the Better Business 
Bureau or the State Department of labor 
and Industry. You will find a spotless 
reputation and not one single complaint 
filed against us from either job appli
cants or employer clients in om 20 years 
of dedicated service. It doesn't take a 
slide rule to discover why EMPLOYMENT 
COUNSElORS is referred to as "THE 
HOME OF THE PROFESSIONALS". 

Don't blow four years of study for. just 
any job. Spend 30 minutes more in
vestigating the hundreds of exciting 
challenges Employment Counselors and 
our 90 affiliated offices can offer you na
tionwide. Choose your general geo
graphical location and chances are we 
have a local office in that area that can 
give you all the interview action you will 
want or need. Are you engineer enough 
to challenge us or are you willing to set
tle for just any deadend, non-challenging 
job that comes along? We can't tum 
straw into gold, but we can tum your 
hard-earned degree into a golden op
portunity that will pay you extra 
dividends for many years to come. Call 
Employment Counselors now and ask 
BARRY EVANS C.E.C. (certified employ
ment consultant) for our RUMP
ElSTil TSKIN SERVICE to start your 
golden opportunity career search today 
call (612) 544-8601. 

REMEMBER 
IT DOES NOT COST YOU 

ONE RED CENT 

EMPLOYMENT COUNSELORS 
SUITE 535 SHELARD PLAZA 
400 SO. COUNTY RD. 18 
(HWY. 12 & 18) 
MINNEAPOLIS, MINNESOTA 55426 
PHONE (612) 544-8601 



Mech. Eng. 
Computer 

Display 

Library 

Committee on Committees 
Positions Open On Committees 

CICS 
Under-Graduate Advising 

All I. T. Students 
SOS (Student Ombudsmpn Service) 

Scholastic Standard 
Institute Consultive And Appeals 
Committee 

· Curriculum 

Engineering Intern 

Scholarship 

The above is a partial list. If you are 
interested, check your Department 
office or I. T. Board Office, 230 
TNCE. 



to keep people talking. Bell Labs chemical 
physicist Stan Kaufman invented a material that 
turns waterlogged underground phone cable 
into a water-free "jelly roll" that can carry calls 
again. Pumped through football-field lengths 
of cable as a liquid, the material forces water out 
and then turns to jelly-to keep the water out. 

Water sometimes seeps into cable damaged by 
plows, lightning, gophers, or sharp rocks. Phone 
callsgoing through the cable become noisy or 
don't go through at aiL Until now telephone 
companies had to abandon. waterlogged cable, 
or dig it up. and replace it, or use·acetone to 
flush out the water. Once the acetone was 
evaporated, however, there was 
nothing to prevent water from 
getting back. in again. 

We needed an inexpensive 
water-repellent liquid that 
would turn into a jelly inside 
a cable and plug up holes. 
The material also had to be 
electrically nonconduc
tive so it wouldn't 
interfere with tele
phone signals. 
Such a material 

•• 
didn't exist, ~owe.askedStan Kaufman, a 1970 
Ph.D. from Btowi1Unhr~rsity, to tackle the problem. 

Drawing on his; k96\/VIe~Qeof molecular structure and 
working with tel~phone9gmpany engineers-some
times in muddyca~letr~~phes-Stan came up with a 
new compound. A\f\/.~~~~rn ~lectric engineer modified 
a pump toforceJ~i~?PPJ.RRuPd through long lengths of 
cable. And duri9~ fi~J.?.tr:J~J~.,operating. telephone 
engineers sugges;~~q ip~t,~llation procedures. 

Beii·Telephone coTPl:hryiesare happy because they 
don't have to dig.up (is.rp waterlogged cable, 
which often runs u and people's lawns, 
and because ise good cable helps 
hold down telephone service. 
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of 
Trying to figure out the exact 

kind of engineering work you should 
go into can be pretty tough. 

One minute you're studying a 
general area like mechanical or elec
trical engineering. The next you're 
faced with a maze of job functions 
you don't fully understand. And that 
often are called different names by 
different companies~ 

a few engineers. So we thought a 
series of ads explaining the work 
they do might come in handy. After 
all, it's better to understand the vari
ous job functions before a job inter
view than waste your interview time 
trying to learn about them. 

Manufacturing products. Sellin·g 
and servicing products. 

This ad outlines the types of 
work found in the Sales and Service 
area of G E. Other ads in this series 
will cover the two remaining areas. 

We also have a handy guide that 
explains all three areas. For a free 
copy, just write: General Electric, 
Dept. AK-3, 570 Lexington Ave., 
New York, New York 10022. General Electric employs quite 

Basically, engineering at G E 
(and many other companies) can be 
divided into three areas. Developing 
and designing products and systems. 

Sales Engineering marketing personnel to suggest ideas for new 
or modified products. 

Sales engineering is technical marketing. Field Engineering 
Sales engineers at GE are the important liai-
son between GE manufacturing facilities and Field engineers at GE plan and supervise the 
utility, industrial, distributor and govern- installation and service oflarge equipment 
mental customers. Working closely with systems worldwide in two main customer 
assigned customers, they use their ....:;;;;;;~~&~~~~ areas. Power generation and deliVr-
technical background to recognize ery equipment for utilities. And 
customer needs and recommend heavy apparatus for industrial 
GE products or systems to fill customers such as paper and 
them. From small AC motors to steel mills, chemical plants and 
huge turbine-generator units. machine tool manufacturers. 
Requires a thorough They specialize in either 
understanding of a customer's the mechanical/nuclear or 
business, as welJ as a wide electrical/electronic 
range ofGE products. areas. Since field engi-
Plus the ability to work neers are often called to 
well with people and to troubleshoot and correct a 
recognize a good business customer equipment problem~ 
opportunity. it requires the technical competence 

~Policati!ln 
Engtneenng 

Application engineers are technical experts 
who work closely with the sales engineer 
and the customers' engineers. Their job is to 
analyze special problems and equipment 
needs of customers, then determine the opti
mum GE products or systems to meet them. 
There are two kinds of application engineers. 
The first works out of a sales operation and 
is adept at applying a wide variety of prod
ucts to create a "system" that meets the cus
tomers' needs. The second works in a 
product manufacturing depmiment and is a 
specialist at applying the products of that one 
department. Both must have in-depth knowl
edge of the customers' technical needs. They 
often consult with product planners and other 

GENERAL 

and creative ability to handle the dif
ferent, the difficult and the unexpected. 

Plus the ability to take charge,'lead people, 
and make independent, on-the-spot decisions. 

Product Planning 
Product planning is' a marketing function. 
Product planners make sure a product line 
offers what customers need at competitive 
prices. They determine the need for a new or 
modified product, product availability, mar
ket size, cost structure, profitability, specifi
cations and distribution channels. To do this, 
they work with market researchers, applica
tion and sales engineers, finance experts, 
marketing management, plus design and 
manufacturing engineers. Their engineering 
background is a big plus. This work requires 
self-starters who can coordinate a project 
and sell their ideas to management. 

ELECTRIC S R! L 
An Equal Opportunity Employer U 1'~ I V 
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