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Advancing Technology 
As technology advances, those committed to their future will succeed. 
These are people who view obstacles as challenges. To them, inno
vation is the master key that releases new ideas and methods. From 
themselves they demand only the best. And they hold the brightest 
futures. 

At NCR Comten, we seek out these people. People who will keep us 
going strong. We're one of the leading designers, manufacturers and 
distributors of data communication processing systems. To successfully 
spread information worldwide, our products have to be the best. Our 
top-notch employees make them that way. 

If you are a University of Minnesota computer sCience or electri
cal engineering major and you won't settle for less than the best, we 
may be able to help you. You can be at the front of our high tech push 
for excellence. You can work hands-on with some of the most soph
isticated data ·communications processing systems available. You can 
join NCR Com ten, a solid, state-of-the-art company full of challenge and 
opportunity. 

We offer ongoing advancement potential, recognition for your exper
tise, an extensive compensation package and a chance to hold a bright 
future. If you'd like more information about career opportunities with 
NCR Comten, check with the Placement Office to see when we'll be on 
campus interviewing or send your resume to the adc)ress below. 

NCR Comten 
Personnel Dept. DL 373 
2700 Snelling Avenue North 
St. Paul, MN 55113 

An Equal Opportunity Employer 
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Welcome 

UNIVERSITY OF MINNESOTA 
TWIN CITIES 

Dear New Student: 

Office of the Dean 

Institute of Technology 
1 05 Walter Library 
117 Pleasant Street S.E. 
Minneapolis, Minnesota 55455 

(612) 624-2006 

August 20, 1986 

On behalf of the IT community, students, staff, and faculty, I wish to 
offer you my heartfelt welcome as you join us. 

We are a large community, of over 8,000 people. We are also an unusual 
one, devoted to education and learning, research and scholarship. Our 
purpose, our mission, is to teach and to renew and replenish the store 
of knowledge on which our teaching is based. You and your fellow 
students are the principal reason for all of our activities. 

Let me urge you to take full advantage of the facilities and talents of 
IT and its faculty and staff. Our large size does not make this easy; 
but then it can be enormously rewarding. Above all, in these sometimes 
confusing initial contacts within IT, do strive to get as much 
information as possible, and to lay careful plans. The degree of your 
success will, in the future, be strongly dependent on the energy and 
thoughtfulness you put into your early activities. 

Welcome again to our community. Science, Engineering, and Architecture 
are exciting intellectual endeavors .. All of us count on you to 
contribute to and benefit from this excitement. 

~~-
E.. F. Infante 
Prof~~~ and Dean 
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Authors 

Mike Servatius-Aiumni Profile, Feet 
em the Ground, Spirit in the Sky, Log 
. Ledger, Authors. 
Mike is a junior in economics. He has 

. written for the Technolog in the past 
and hopes to continue doing so. Mike 
has a variety of hobbies, he bikes, 
plays racquet ball, cross country ski is, 
~.and plays jazz music on his trumpet. 
He is an avid Gopher football fan and 
a, veteran season ticket holder. The 
last book Mike read was, Cannery 
Ro.w, by John Steinbeck. 

Kevin Cummings-:-Oblique Wings. 
· . Kevin is a junior in technical 

'communication with an aerospace 
technology emphasis. He was 
employed as a student aid at 
Honeywell this. summer. In his spare 
·time, Kevin is pursuing a private pilots 
license. The last book he read was 
Friday, by Robert Heinlen. The 
Technolog is not the only 
extracurricular activity that Kevin is 
Involved in, he is also a member of 
the University Scholars. 

Renee Hanson-Assigned Reading. 
Renee is a senior studying material 
science. She has written the Assigned 
Reading feature for three years and 
has done several technical articles. 
Renee has been a member of the I.T. 
Board of Publications for four years. 
She is Co-Chairperson of the 
Engineering College Magazines 
Associated Convention Committee. 
She has stepped into the Advertising 
Coordinators position for the 
Technolog. In her spare time, she 
enjoys biking and camping. 

Mark Werner-The Annual Aviation 
Festival, Editor's Log, Log Ledger, 
Authors. 
Mark is a junior in the technical 
communication program and is this 
year's editor of the Technolog. He 
gained valuable experience for his 
position by editing the ECMA 
Potential newsletter last year. The 
Potential is distributed nationwide to 
engineering colleges that publish 
technical magazines. In his spare 
time, Mark enjoys carpentry and 
various sports such as golf, bicycling 
and cross country skiing. 

Susan Caldow-Faculty Profile. 
Susan is a senior in journalism with a 
public relations emphasis. This is her 
first time writing for the Technolog . 
She says she enjoyed writing the 
Faculty Profile so much that she 
plans to write for the Fall II issue. She 
paints and draws in her spare time. 
The last book she read was, Hawaii, 
by James A. Michner. After 
graduation, Susan hopes to be a 
Public Relations Manager. 

Gary Lovelace-Thousand Words. 
Gary is a junior in civil engineering. 
He has taken pictures for the 
Technolog before and is currently the 
Head Photographer of the Technolog. 
Gary is interested in aircraft, so his 
assignment to Oshkosh was greeted 
with anticipation. His other interests 
include Tai-Kwon-Do and model 
building. 
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itor's Log 

__ k Perfonnance 
· me to another school year. This 

most of us, been a busy past 
. Some of us have left home 

here, some have changed 
Most likely, many of us will 

a change in our eating 
ing habits and I'm sure that 
1ng Williamson Hall, we have 

in our financial status. 
· events I have mentioned can 

.. nif·i"""'nt stressors in our lives. 
· lng to Dr. Robert Seybold of 
. rsity Counseling Services 
·,any change, good or bad, in 

IT<>"n""'"' may produce stress in 
We as college students tend 

1 a lot of change in our 
is stress tends to accumulate 

ly. Dr. Seybold uses an 
parabolic curve to describe 

of stress in our lives. As 
umulates, performance 
for the first half of the 

:.Once we have accumulated 
past the halfway point, 

, our performance drops 
. Stress, then, can have a 

or negative effect on our 
all that is needed to push 

level past the halfway mark 
small events occurring in 
time period, such as a 

in social activities, in 
in work hours, or in 

with a boyfriend or 
. Once past the halfway 
performance is harmed, 

our schoolwork to suffer, 
drops performance, and so on 

.a spiraling path. It's easy to fall 
the performance curve, but 
lng back up can be very difficult. 

to prevent ourselves from 
down the curve, we need to 
watch our lifestyles. Changes 

mood swings, extreme 
or a change in health are all 
from our bodies telling us 

under too much stress. You 

... and so on down a 
spiraling path 

need to keep a close watch over the 
indicators. One way you can measure 
them is by using a "stress barometer." 
Write down or remember how you 
act, what your habits are and what 
your health status is when you feel 
you are at your peak performance: 
then compare the current status of 
these categories to their peak 
performance status to determine how 
much stress yoL,J are under. You need 
to be well in all aspects of your life in 
order to avoid stress. Do what is 
necessary to get your physical, 
mental, social and spiritual life in 
balance. This, experts say, is when 
you will be at your peak performance. 
Some basic guidelines for Preventing 
excessive stress in your life are to 
learn your limits, to take one thing at 
a time, to accept what you can't 
change, to manage your time and to 
recognize your accomplishments. 

If you find yourself stressed, and want 
to return to peak performance, you 
have many options, thanks to the 
resources of our large University. You 
may, if you are not too badly stressed, 
find that talking to a close friend is all 
you need. If your stress is 
academically related, Dr. Clausen in 
room 128, Lind Hall has a staff of 
topnotch peer advisors and peer 
tutors who are willing to give you all 
the help you need. If you feel you 
need professional counseling or if 
you want questions answered about 
stress, the UCS in Eddy Hall and the 
Boynton Health Service are ready to 
help you with any physical, mental, or 
social problems that you have. 

Hopefully, by the time you read this, 
you will have come back from a 
refreshing summer, in peak 
performance condition. This is the 
best time to make the lifestyle 
decisions you need to insulate 
yourself from excessive stress. Dr. 
Seybold recommends reading one of 
a number of do-it-yourself workbooks 
on lifestyle management, Check with 
a local bookstore or call the UCS for 
some suggested titles. If you feel your 
study habits could be improved, you 
might consider registering for 
Becoming a Master Student, 1001. 
This is a two credit, A/N class that 
doesn't count toward graduation. It is 
listed under Learning and Academic 
Skills, (LASk) in the winter bulletin. I 
took this class when it was titled, How 
to Study 1001, it helped my scholastic 
performance measurably. Many of 
you, I know, don't have the time for a 
book or a course: for those of you, 
Boynton Health Service is conducting 
a series of events titled "Taking Care 
of Me" from October 14th to 
November 6th. It features stress 
seminars, a "well ness" party and a 
Dudley Riggs Brave New Workshop 
show. 

Please, enjoy yourself this year, 
pursue the challenge ahead of you, 
but do it wisely. Keep yourself well 
maintained so you can enjoy your 
peak performance. 

Mark Werner 
Editor 
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Log Ledger 
Vapor-Free Paint 
The future may smell better for those 
people who dislike the foul odor 
associated with drying paints and 
varnishes. Presently, paints and other 
coatings are produced with solvent 
liquids which keep resins dissolved 
and flowing until applied. After 
evaporating, a hard surface coating is 
accompanied by unpleasant smelling 
vapors in the atmosphere. Scientists 
are now developing solventless paints 
with "alternate resin systems" to 
remove the odor from the drying 
process. 

Three polymer chemists from 
Westinghouse Electric Corporation's 
Research and Development Center, 
sponsored by the U.S. Department of 
Energy, are working on an ultraviolet 
light (UV) curing system. This will 
enable these vapor-free paints to be 
used in thick, opaque applications on 
three dimensional objects, as well as 
in lightly pigmented coatings on flat 
surfaces. Solventless paints will not 
only improve environmental safety, 
but will also provide huge economic 
benefits to U.S. industry. UV lamp 
curing has the potential to use less 
than one-third of the energy and one
tenth of the time of conventional heat 
furnace curing. 

Alumni Inventor 
World renowned aeronautical 
engineer, Richard V. De Leo of Edina, 
was inducted into the Minnesota 
Inventors Hall of Fame on June 13th 
by the Minnesota Inventors Congress. 
Mr. De Leo received his education in 
aeronautical engineering at the 
University of Minnesota. After 
graduation, he worked at Rosemount 
Research Laboratories of the 
Department of Aeronautical 
Engineering for eleven years until 
1957, when he joined Rosemount Inc. 
De Leo has been involved in the 
design and development of wind 
6 Minnesota Technolog Fall 1, 1986 

tunnels, missile aerodynamics and 
aerodynamic instrumentation. He 
invented a system incorporating a 
pressure pick-up tube mounted on 
the outside of the aircraft which 
compensates for errors due to air 
motion and disturbances caused by 
movement of aircraft through the air. 
He has been granted sixteen United 
States patents in his field and many 
corresponding foreign patents. He 
has also authored many technical 
papers in the field of air 
measurements. Congratulations 
Richard! 

Atom Busters 

.: •. ~, 
. ~ 00 .. 

For the first time, scientists at 
A.T.&T.'s Bell Laboratories have used 
light to trap atoms. Arthur Ashkin, 
John Bjorkholm, Alex Cable and 
Steven Chu laser-cooled a gas to 
nearly absolute zero and then 
captured roughly 500 atoms in a light 
bottle made from a single laser beam. 

The extremely low temperature 
dramatically slowed the atoms' 
movement, allowing the scientists to 
study the atoms' behavior. They were 
able to capture for four seconds in a 
volume one-millionth of a meter by 
200 millionths of a meter. "As we 
refine our method, we expect to exert 
precise control over a single atom, 
movinq it with an 'optical tweezer' 
next to another atom to study their 
interaction," said Mr. Chu. 

To trap the atoms, the researchers 
first vaporized a sodium pellet with a 
laser and then formed a single atomic' 
beam from the debris. They hit this 
atomic beam with a laser beam 
directed opposite the motion of the 
atoms, slowing the atoms twen'tyfold, I 

Then they allowed the atoms to drift ' 
into a thick soup of liqht particles that 
opposed the atoms' motion in all 
directions. This optical molasses 
cooled the atoms to 240 millionths of 
a degree above absolute zero-a 
record temperature for gas. Finally, 
the researchers shot a powerful trap 
beam through the optical molasses. 
The atoms were drawn to the region 
of highest intensity in this beam and 
trapped. 

This atom trapping technique could 
someday be used to improve the 
precision accuracy of atomic clocks 
that are used to pinpoint the location 
of airplanes and satellites. It could 
also be used to better understand 
how atoms interact on material 
surfaces and in ultra-cold 
temperatures. Bell researchers have 
already used light to levitate 
microscopic particles suspended in 
gas and liquid to move viruses, as 
well as single cell animals. 

Physical Physics 

A new exhibit at the Science Museum 
of Minnesota opens Saturday, 
September 27th and will continue 
through January 4th, 1987. The 
exhibit, titled "Science of Sports," will 
explain the physics, physiology, and 
psychology involved in scoring 
touchdowns, homeruns, and hook 
shots. A staff member will be on hand 
to give demonstrations and to lead 
programs each hour. The programs 

are titled, Center of Gravity, 
Electricity and Internal Friction, 
Sports Impacts and Collisions, and 

Museum to 18 
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lique Wings 
thinking asymmetrically 

new X-29 Oblique winged jet will be able to fold 
If up with its pivoting wing. This plane will 

tely be one of the most unique designs in the 
Uitary's arsenal 

since airplane designers have 
working on new planes, they 
come across a major conflict 

n designing for low speed and 
speed. If a plane is very 

le and efficient at low 
such as when landing or 

off, it is always inefficient and 
at high speeds, and vice 

~~irplanes have to operate with four 
·. forces working on them at 

Gravity pulls the plane down 
. IEJ lift pulls the plane up. Drag 

the plane and thrust pushes the 
forward. The four forces also 

nect; for example, more lift 
. more efficient wing) gives more 
and more thrust (i.e. a bigger 

lne) gives more weight. 

drag increases with the square 
speed, high speed airplanes 
have as little drag as possible. 
had too much drag, they 
need huge, gas guzzling 

, to even fly near mach 1, the 
of sound. So the airplanes were 

It with swept wings instead of 
wings. Unfortunately, the 

had low lift at low speeds, they 
land and take off very fast, 

. ring long runways and lots of 

. , military has especially needed a 
that could work well at all 

If the plane could take off 
, fly to a loiter point and wait, 

sprint to intercept and get 
I without using a lot of 

fuel-the costs could be much less 
than buying one kind of plane to 
loiter and another to intercept. 

Aerospace engineers determined that 
one way to allow one plane to do 
many jobs, was to design wings that 
would move. During the slow flight of 
take-off, landing and loitering: the 
wings would be straight out, creating 
high lift and efficient fuel use. Of 
course, in this configuration. speeds 
would be limited because of 
excessive drag. 

When the plane had to sprint at high 
speeds, the wings were swept back 
creating less lift but also less drag. 

To accomplish the task of moving the 
wings, the airplanes were built with 
massive motors and pivots. The strain 

the airplanes were 
built with massive 
motors and pivots 

on the pilots was so great that they 
had to be heavy and strong. The 
motors had to be heavy enough and 
have enough force to push the wings 
forward into the straight wing 
configuration for landing. The added 
weight of the motor cut down on the 
speed of the planes. Even though 
they were better than planes without 
movable wings, they still weren't the 
best possibility. 

During the mid-1970's, aircraft 
designers were ready for something 
new. They had built a number of 

military aircraft with swing wings, 
including the Air Force's B-1 Bomber 
and F-111 Fighter Bomber, the Navy 
F-14 Tomcat, of Top Gun fame, and 
others. They looked into research 
done in the 1940's in Germany on 
Oblique wings and found a different 
design. 

The Germans did theoretical tests 
and determined that distributing the 
lift of a wing over the length of the 
airplane would reduce the supersonic 
wave drag. This drag is caused by the 
airplane going faster than the speed 
of sound, the reason engineers 
originally designed swept wings. 

To spread the lift over as much of the 
length as possible, the German 
designers decided to create a wing 
that would rotate on the fuselage. 
They determined that supersonic 
wave drag was reduced five to ten 
times in an oblique wing verses a 
swept wing. 

The recent use of unusual structures 
whetted the designers' appetites for 
the oblique wing again. Wind tunnel 
tests confirmed the drag reduction 
found by the Germans, but added a 
problem: because of the asymmetric 
nature, the plane would roll to one 
side when the angle of attack was 
changed. For instance, if the plane 
would pitch upward, it would twist the 
airplane to the left and roll it to the 
left. This problem seemed unsolvable 
until the advent of Fly By Wire 
controls. 

Early airplanes had cockpit controls 
connected to the airplane surfaces by 
cables. When aircraft became bigger 

Minnesota Technolog Fall I, 1986 7 
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and faster, the cables were 
supplemented by hydraulics, just like 
power steering. When planes began 
to fly at supersonic speeds, engineers 
found that humans couldn't control 
the maneuvers quickly enough, so 
they tried to use computers to assist 
the pilots. They called this new 
technology Fly By Wire. The X-29 
fighter with forward swept wings is 
uncontrollable without Fly By Wire. 
Since the oblique wing has one 
forward swept wing, it was found to 
need the system also. 

Symmetrically swept wings 

The space shuttle and a few fighter 
planes are designed with Fly By Wire. 
When the pilot moves the controls of 
a Fly By Wire, it sends a signal to the 
computer, which decides what 
combination of controls on the 
airplane should be moved to move 
the plane in the direction the pilot 
wants. The computer is programmed 
for any conceivable situation. 
With Fly By Wire technology, the 

The computer is 
programmed for any 
conceivable situation. 

engineers designing the oblique wing 
aircraft could be sure that the plane 
would be controlled just like a normal, 
straight wing aircraft. The pilot 
wouldn't have to worry that the plane 
would turn when it was going up, or 
dive while turning. 
Another problem that symmetrically 
variable swept wings have is 

8 Minnesota Techno log Fall I, 1986 

Symmetric variable-sweep wings 

unbalanced torque forces. When the 
wings are straight out, the force from 
the lift is directly upward on the 
fuselage. When swept back, however, 
the lift is in a different direction, (it 
causes the nose to go down). The 
pivot and support structure must be 
able to handle the added torque 
loads. 

Oblique wings do not have the added 
torque that symmetrically variable 
swept wings do. Since the lift on the 
forward swept wing is balanced by 
the rear swept wing, the only force on 
the pivot is the upward lift. The wing 
can be made as one solid piece, so 
that the allowed bending of the wing 

The only force on the 
pivot is the lift upward 

can be easily designed. 

NASA decided to test the oblique 
wing on a real airplane. They received 
a test aircraft, the AD-1, for less than 
$240,000. The 2000 lb. glass fiber and 
styrofoam aircraft is powered by two 
turbojet engines and has a maximum 
speed of 200 mph. The wing pivots 60 
degrees from straight out, and takes 
20 seconds to pivot all the way. 
Testing began in late 1980. The Navy 
took an interest in the aircraft, and 
together with NASA, began a new 
project. 

Using the carrier based F-8 fighter, 
the new design will test supersonic 
abilities of the oblique wing, planning 
to fly up to Mach 1.6. The Navy hopes 
to use the oblique wing because of its 
unique abilities. It can be pivoted for 

storage on an aircrait carrier, then 
restored to straight wing for an easy 
take off from the carrier deck. It can 
loiter near the fleet or fly on patrol 
until it receives orders to intercept. 
Then the wing pivots and the plane 
accelerates past the speed of sound 
to fly to the combat point. It then 
returns to the carrier, straightens the 
wing, and lands slowly on the carrier. 

Rockwell International has presented 
a design for the plane, they decided 
to use the F-8 because it already has 
Fly By Wire equipment. It is expected 
that the oblique wing will give a 17% 
lower gross weight than a variable 
symmetric sweep aircraft of similar 
performance, and 29% greater 
mission radius (distance from carrier) 
than a variable symmetric sweep 
aircraft at the same gross weight. 

Oblique variable-sweep wings 

Within the next few years the oblique 
wing F-8 will be constructed: flight 
tests are expected in 1989. By that 
time, enough data should be known 
for new designs to be worked on. 
Early information has shown that the 
sonic boom from a supersonic plane 
with an oblique wing is not as loud as 
conventional swept plane, this, 
combined with the X-29's efficiency, 
the potential for supersonic 
commercial transports increase. 

Though one of many ideas for new 
airplanes, the oblique wing is one of 
the more radical and interesting to 
come out of the minds of aerospace 
engineers. A 
Bibliography: 
Aerospace America, June 1985, pp. 
78-84. 
Aviation Week and Space Tech, 
Oct. 8 1984, pp. 59-60. 
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LASERWRITERS 

PLUS 
At Kinko's, we've been expanding our desktop 

publishing capability. We now have four Mac 
512K's and one Apple™ 20 megabyte hard drive. 
Add to thattwo LaserWriters, one a Phts. And 
ThunderScan. And a modum. In addition, we've 
connected an IBM PC XT to our LaserWriter via PC 
MacBridge. 

Plus, we're open 24 hours, everyday except 
holidays. 

kinko's c:opi~s 
Dinkytown II Location Only 

319A 14th Avenue SE 
331-3080 
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-Faculty Profile 
Brad Liebst 
By Susan Caldow 

He lives by the motto "learning 
sometimes hurts." Although he 
believes in a tough class and an even 
tougher test, he hates giving out 
grades. He brought candy bars to one 
of his classes when his wife had a 
baby and when he handed a 
midquarter back early. 

Brad Liebst, assistant professor of 
Aeronautics, has been teaching at the 
University since 1981. He earned his 
bachelors degree at Wichita State in 
1978, his masters degree at'MIT in 
1979, and his doctorate at MIT in 
1981. Liebst's father, brother and 
uncle are all aeronautical engineers. 
He began teaching when he was 
twenty-four years old. Since he was 
about the same age as most of his 
students, Liebst said he wore a suit 
every day so he would be taken 
seriously. Five years later, he's still 
wearing a suit and feeling young for a 
teacher. 

... he wore a suit 
every day so he 
would be taken 
seriously. 

Bret Beucler, aeronautic senior, 
believes Liebst is the most concerned 
professor he's had and also one of the 
toughest. "He doesn't believe in 100 
percent," Beucler said. "He makes 
sure no one gets a perfect score." 

He makes sure no 
one gets a perfect 
score. 
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Liebst sees himself as a 
perfectionist. He uses real world 
examples in his homework 
assignments. He gives his students 
negative reinforcement, because once 
they're working, there isn't any room 
for mistakes. "What you do in the 
homework could be done on the job," 
Liebst said. 

Just as he shows enthusiasm in the 
classroom, Liebst shows enthusiasm 
for his research. He has a great 
interest in automatic control systems. 
This interest has been carried 
throughout his career as an 
aeronautical engineer. His doctoral 
thesis was a Swedish government 
funded project on the automatic 
control of large scale wind turbines. 

This summer Liebst finished a NASA 
funded project on airplane wing 
flutter called, Drones for 
Aerodynamic and Structural Testing. 
The wing flutter caused by the high 
speeds of airplanes changes the 
aerodynamics of the aircraft. If the 
aircraft vibrates too much, it could be 
destroyed. In trying to combat the 
flutter problems of conventional 
aluminum airplanes, new composite 
materials of boron and carbon 
encased in plastic were used to make 
the aircraft lighter and faster. 
Automatic flutter supression controls 
would then sense when the wings 
vibrate. If the load increased, the 
flutter supression controls would 
automatically decrease the load. 
Thus, the wing would be kept level by 
the control system. Drones were used 
because this kind of testing can be 
very risky. Unfortunately, only one 
researcher's program could be drone 
tested. The Boeing Corporation's 
program was chosen, but it crashed, 
leaving Liebst to wonder if his 
program could have passed the test. 

Brad Liebst 

Currently, Liebst and William 
Garrard, associate professor, are 
working on a project funded by the 
United States Army on helicopter 
flight control systems. Since 
helicopters are more difficult to 
control than airplanes, Liebst nPIIP\/PO ... 

an automatic control system would 
very beneficial to helicopter pilots. 
and Garrard are now writing a 
software program based on eigen 
space control techniques. Once the 
desired movements of the helicopter 
are chosen, the eigenvalues (time 
constraints) and eigenvectors (shape, 
up or down) can be set. Sensors 
would be attached to the helicopter 
measure the tail boom, cyclical pitch, 
and collector pitch. The pilot's job 
would be much easier since the 
computer would analyze the forces 
on the aircraft and act automatically. · 
If the computer simulations perform 
well, the Army may decide to flight 
test Liebst and Garrard's program. 

Liebst gets great satisfaction from 
his job. He enjoys teaching and doing 
research. Like the other aeronautical 

engineers in his family, he is proud of. 
the aeronautical industry because it 
takes the needed risks to be at the 
forefront of technology. "Engineers 
don't have the same job satisfaction 
as others," said Liebst. "They produce 

a product, like the space shuttle, and 
see what it can do. It's exciting!"! 
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umni Profile 

Keller is a 1983 graduate of 
iversity of Minnesota's 

of Technology, where he 
a Bachelor of Science degree 

wn<>n<>I"'O engineering and 
Pete's choice of a career 

nearing was an easy one, 
on his enjoyment of high 
mathematics and science. 

narrowing his options down to 
, mechanical and aerospace 

ng, he decided that working 
aircraft would be the most 

.. lnl·,--~."+;.,., field for him. While at the 
. iversity, Pete enjoyed the 

"n''~'"""''ity of the college 
. He misses the freedom 

wear old sweatshirts, to take off his 
or to do his work lying in the 

rass. These activities are generally 
aecepted in the business world. 

.. he misses the 
to wear old 

irts. 

· tly, Pete is employed by 
Aviation in Seattle, 

ngton. As an Aerothermo
isist, he predicts surface 

. ng rates, heat loads and 
re distributions on 

raft during reentry and ascent 
the atmosphere. He also 

sizing and selection of TPS 
Protection System) 

Is. · 

... he predicts 
surface heating rates, 
heat loads and 
temperature 
distributions on 
spacecraft. 

In the aerospace industry there are 
many different areas of specialization. 
As a student, you really don't know 
what field you will end up working in, 
or how long you will remain in a 
particular line of work. Pete 
recommends that the aspiring 
aerospace engineer definitely master 
basic physics. He says that currently 
thinQs are good in the aerospace 
industry, but that government cut
backs in the SOl, Star Wars program 
or military spending could have a 
large negative impact on the industry. 
"Nevertheless," he says, "in the long 
run, I'm sure the aerospace industry 
will continue to be at the leading edge 
of technology." 

Pete·Keller 

In his spare time, Pete enjoys 
playing soccer, cross-country skiing 
in the mountains, photography and 
reading. At present, he is pursuing his 
Master of Science degree at the 
University of Washington. Between a 
forty-hour work week, classes and 
homework, he finds there often isn't 
as much time for these activities as he 
would like. 

Living and working in the Seattle 
area is a pleasant experience for Pete. 
He prefers the Seattle summers to 
those in the Twin Cities, citing lack of 
humidity and mosquitos as major 
benefits. The fact that the 
temperature rarely exceeds eighty
five degrees, with very little rain, is an 
added plus. 

However, he does miss the 
Minnesota winters. In Washington, 
the winter season is marked by four 
months of rain and fourty degree 
temperatures, which becomes very 
tiring after awhile. Aside from 
weather, another advantage to living 
in Seattle is having the Cascades, 
Olympic Mountains and the ocean, all 
within a two hour drive from his 
home. 

Pete Keller is one University alumni 
who has done well in his profession. 
I'm sure Pete will enjoy continued 
success in the aerospace industry.! 

In 1982, domestic scheduled air 
carriers had a net operating income 
of minus 800 million dollars. In 1984, 
they had a 1,200 million dollar net 
operating income. 

In 1984, the average domestic flight 
was at a speed of 415 m.p.h. 

Source, Abstract of the United States, 
106th edition, 1986. 
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The Annual Aviation 
Festival 
Every year, hundreds of thousands of pilots and 
flight enthusiasts make a pilgrimage to Oshkosh 
Wisconsin to participate in one of the largest 
aviation events in the world. 

By Mark Werner 

What kind of event would you 
expect to be held on an 1,800 acre 
site where approximately 800,000 
people stay an average of 3.5 days 
inside seven miles of snowfence, 
using 655 portable bathrooms, 
consuming 220,000 hot dogs, 200,000 
hamburgers and 40,000 Cokes while 
listening to Paul Harvey, Chuck 
Yeager and Sen. Barry Goldwater, 
among others? A conservative version 
of Woodstock? No, actually this 
describes the Oshkosh Air Show, 
where 45,000 Experimental Aircraft 
Association (EAA) members set up 
camp for a few days or a whole week 

NASA exhibit booth 

at Wittman Airfield in Oshkosh' 
Wisconsin. Twenty percent of all of 
the United States' registered planes 
visit the airport of this Central 
Wisconsin town during an eight day 
period. 

Twenty per-cent of all of 
the United States' 
registered planes visit 
the airport ... during an 
eight day period 

Gary Lovelace, our head 
photographer, and I attended the first 
two days of this year's airshow. As we 
walked through the main gates, I felt 
like I was at a county fair. Large tents 
and pole sheds were sprawled out 
around us. We stood on a trampled 
grass area about fifty yards from, and 
parallel to, the airstrip. Some of the 
tents contained fast food restaurants 
and others, auditoriums where flight 
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enthusiasts gathered for lectures or 
forums on topics relating to their 
hobby or profession. Among the tents 
sat three large pole sheds where 480 
exhibitors peddled flight related 
merchandise, such as plane engines, 
flight suits, Top Gun hats, T-shirts, 
military insignia, etc. Thousands of 
people strolled up and down the 
aisles buying, browsing and chatting. 

The "fair" area was open to the 
general public. There was, however, a 
more exclusive area that was only 
open to EAA members, pilots, and the 
press. They referred to this area as 
the pit. The pit was between the "fair" 
and the airstrip: in it were literally 
thousands of aircraft parked wing to 
wing along the L-shaped airfield at 
Wittman. Many of the pilots of 
these planes camped under their 
planes by night and mingled with 
other pilots by day. Often several 
pilots could be seen gathered around 
a plane swapping ideas or stories. 

P-4.0 Warhawk 

On the north end was the Transient 
Aircraft Parking area, where private 
pilots flew in, parked and camped. 
Just south of there was the war-bird 
parking area filled with war planes 
dating from World War II to the 
present. Continuing south, there were 
experimental planes, kit-planes, ultra
lights and helicopters. 

Around 2:30p.m. each day, people 
started to pour into the pit area 
inching their way closer to the 
runways to get good seats for the air 
show, which started around 4:00p.m. 
The airshows were the culmination of , 
the day's activities. Convention goers 
were treated to stunt flying bi-planes, 
experimental planes such as the 
Coors Silver Bullet, old war planes, 
and modern state-of-the-art military 
jets like the Hawker-Harrier, the new 
F/A-18, A-10's and the star of Top 
Gun, F-14's. These military planes 
captured the audience's attention wi 
their dog-fighting maneuvers and 
touch-and-go sequences. The Harrier· 
was a highlight of this year's show, 
hovering in front of the crowd, 
backing up, and then moving side to 
side before speeding off at near mach 
speeds. The Harrier preceded an 
bigger highlight, the Italian Military's 
National Air Acrobatic team, Freece 
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Trlcolori. These Aermacchi MB-339A 
Aircraft executed a number of 
breathtaking formation maneuvers, 
like the heart break and the bomb
burst-crossover while expelling red, 
white and green smoke forming the 

:ROTC 
Gateway to a great way of life. 

KC-135 refueling A-10's in mid air 

world's longest Italian flag in their first 
American appearance ever. As the 
Italians made their final passes, most 
of the crowd dispersed for dinner or 
the trip home. The air show was not 
the end of the day's activities. Each 
night there were "Theater in the 
Woods" programs where awards were 
given out or famous speakers were 
heard. For us though, Freece Tricolori 
marked the end of a two day stay at a 
friendly, clean and visually stimulating 
festival. A. 

The Minneapolis/St. Paul 
International Airport recorded 
97,200 departures in 1984. 

Source, Abstract of the United States, 
106th edition, 1986. 

Freece Tricolori 

ATTENTION SCIENCE 
AND ENGINEERING 

MAJORS! 
· If you have at least two years of graduate or undergraduate education 

ahead and money is running short, an Air Force ROTC scholarship may 
be the solution. 

The Air Force needs young men and women majoring in all 
engineering and technical fields. High on the iist are electrical and 
aerospace engineering, mathematics, physics, and computer science. 
Applications for these positions are being considered now together with 
pilot, navigator and missileer applications. Those who win an allocation 
may also receive a scholarship which pays tuition, book allowance, lab 
fees and $100 a month. 

Upon graduation and commissioning lie responsibility, technical 
experience and some of the best people and facilities in the world, and a 
mission with a purpose. All this with excellent salary, free medical and 

· dental care, 30 days vacation with pay, and many more benefits. 

Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 (612) 624-2884 
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Departmental Research 
The following is a list of the research interests of the Ae~ospace Engineering and Mechanics 
Department faculty. 

14 

Experimental fluid mechanics. 

Interaction of mechanical systems with fluid flows, and rarified gas flows. 

Nonlinear continuum theory for crystals and liquid crystals. 

Thermodynamics and continuum mechanics at the applied and foundation levels. 

Automatic control theory with applications to aerospace vehicles. 

Turbulent boundary layers and separated flows: tip vortex cavitation. 

Theory of plasticity; plastic analysis structures. 

Thermodynamics of solids, mechanics of materials and phase transformations. 

Effect of molecular orientation and time on strength and fracture of polymeric and 
composite systems. 

Two phase flow, rheology, fluid mechanics, stability and lubrication. 

Automatic flight controls, aeroelasticity, wind turbines. 

Fluid mechanics of vorticity as applied to turbulent structures. 

Computational aerodynamics. 

Structural dynamics, fluid-solid interaction and composite materials. 

Nonlinear dynamical system with applications to mechanical systems. 

Flight mechanics of aircraft and reentry vehicles. V/STOL aerodynamics. 

Optimization methods and mechanics. 

Respiratory mechanics: modeling lung structures and deformation. 
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·Feet on the Ground 
irit in the Sky 

y people dream of flying but can't afford the 
or money. Others are not physically fit or ready 

,risk an accident. This is one way they can 
the joys of flight with the safety of 

••'-llnl'l•ng on the ground. 

.·· . you ever wanted to sit in the 
:·cockpit, grab the controls and soar 
away into the clouds for a day of 
flYing your own airplane? Flying 

··radio-control airplanes is a fun and 
exciting way to achieve this without 
the time, money and effort involved in 
getting your pilots license and your 
own airplane. That is not to say that 
learning to fly radio-control airplanes 
Is either fast, cheap or easy. For about 
$350.00 you can purchase the basic 
equipment needed to get started in 
the sport. The basics include an 
al~plane, which most people build 

· • th.emselves from a kit or from scratch, 
a radio-control and a patient, 
1.mderstanding individual who is 
wffilng to teach you how to fly your 
airplane. 

, Learning to fly radio-control 
alrplames, like anything else, depends 
a lot on the individual. Some people 
learn in three months, while others 

Some people learn in 
.·three months, while 
others may not catch 
on after three years. 

may not catch on after three years. 
When just starting out, you have to be 

·. willing to crash and break your plane . 
. Many people take several times out 

• before they can even get off the 
· Once that hurdle is cleared, 

hardest part left is to land the 

experienced flyer standing next to 
you to hand the control over to when 
you get in trouble. One thing to keep 
in mind is that being a pilot does not 
guarantee success with radio-control 
airplanes. Radio-control is an entirely 
different game. 

The planes are fascinating, and 
their aerodynamics are as important 
as those of real aircraft. You don't 
have to be an engineer to be involved 
in this sport, but through trial and 
error you can learn a lot about such 
things as lift and proper wing angles. 
Wind conditions also affect model 
planes much like real airplanes. Most 
planes are built to scale, and some 
are exact replicas, down to the 

Some are exact 
replicas down to the 
smallest detail. 

smallest detail. Many different styles 
of planes are built, such as military 
planes and even helicopters. Motors 
are generally two-cycle or four-cycle, 
ranging from as small as .19 cubic 
inches up to five horse-power and 
larger. Some people even use weed 
eater motors. 

Flying radio-control airplanes has 
become a very popular hobby. There 
are many clubs and sponsored 
competitions. In Inver Grove Heights, 
the Rich Valley Radio Control Club 
has been officially organized since 
March of this year. Club members fly 
for fun and relaxation. Club president 
Dick Sjodahl said the members range 
in age from twelve to sixty. They have 
monthly meetings, and do things like 
having pylon races or trying to hit a 
helium balloon attached to a string. 
Many club members are new to the 
sport, and a few are very experienced 
flyers who are teaching the rest. 
Everyone has fun helping each other 
learn. So as you can see, radio
control airplanes are a fun, interesting 
hobby which anyone can learn and 
enjoy. A. 

So, it is nice to have an Photo by Mike Servatius 
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Assigned Reading 
By Renee Hanson 

Mars One Crew Manual, Kerry Mark 
Joels, Ballentine Books, 1985, 
paperback, $12.95. 

Kerry Mark Joels' success with Space 
Shuttle Owners Manual prompted 
him to release another space fiction 
book. This flashy red paperback hails 
by the title Mars One Crew Manual 
and covers all angles of a manned 
mission to the red planet, Mars. 

The book describes the systems on 
board Mars One such as crew 
quarters, laboratory facilities and 
medical facilities. This book offers 
creative descriptions of the crew 
members as well as a breakdown of 
their ethnic and educational 
backgrounds, in addition, the systems 
and crew descriptions, a training 
program, the mission itself, and a 
geography lesson are discussed. 

Comparing this book to an article in 
the March 1986 issue of Science 
Digest, titled "Mission to Mars," by 
Micheal D. Lemonick yields some 
valuable insights. Both the article and 
the book agree that the Mars mission 
will be an international effort. The 
article places emphasis on a USA and 
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USSR team while the book suggests 
crew members from Canada, USA, 
USSR, India, Japan and Europe will 
participate. The article mentions that 
the capabilities for a manned Mars 
mission already exist but the go
ahead for a mission will be a political 
one. 

Both article and book agree the ship 
will be built in orbit, most likely at a 
space station and that the fuel used 
for the mission will likely be liquid 

Thefuelusedforthe 
mission will likely be 
liquid hydrogen and 
oxygen. 

hydrogen and oxygen. Both the 
article and the book place the date of 
this manned mission somewhere 
around the year two-thousand. 

Both the article and 
the book place the 
date of this manned 
mission somewhere 
around the year 
two-thousand. 

The article goes through four possible 
travel modes for the mission. There is 
the conjunction class mission which 
requires Mars and Earth to be in 
conjunction. This mode has a nine 
month trip to Mars, an eighteen 
month stay on Mars and a six to nine 
month return trip. There is the 
opposition class mission when the 
Earth and Mars are close together. 
The trip this way requires eight 
months to reach Mars, a twenty day 
stay on Mars and a five to eight 
month return trip. The option the 
book uses and the one mentioned in 

the article is the Venus flyby. This 
mode is the most fuel efficient 
because it uses Venus' gravity during 
the first half of the trip. The stay on 
Mars is about twenty days. The book 
does not mention that this flight path 
brings the craft close to the sun. The 
fourth and final mode is the free
return flyby, but this mode allows for 
no Mars stay at all. 

Both book and article discuss the 
hazards of space travel such as 
exposure to radiation and atrophy of 
muscles from inactivity or lack of 
gravity. The book goes further 
offering solutions to the problem. 

Whether intentional or not, the book 
contains some humorous passages. 
For example, it uses almost airplane
like instructions, such as "Fasten 
seatbelt." This leaves the reader 
waiting for the next line in the litany, 
"Please extinguish all smoking 
materials until the captain has ... " 
The book displays poor word choices 
when labelling diagrams. It labelled · 
one such diagram, "Fecal Collector 
(Exploded View.)" 

The book has a confused focus in 
some places. Some passeges are 
written for a general audience, others 
are for space veterans. The continous 
use of abbreviations, although 
commonplace for such events, 
further confusion for the novice. 
Unless the terms are adequately 
familiar, the abbreviations only add 
the confusion rather than simplify the 
text. 

Mars One Crew Manual is fiction but 
much of the technology already 
exists. The space dreamer and 
adventurer would perhaps enjoy 
writing his/her own manual more 
reading Mars One. Everyone else 
probably wouldn't have enough 
attention to finish it. A 
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king Time to Care 
Rieth addressed the Institute of Technology's graduating class 

The following is an edited version of that speech. 

s, faculty, honored guests, dad, 
·,my fiancee Kirsten-qood 
inq and thank you. I'm touched, 
· rwhelmed, that all of you 
ldshow up here just to hear me 

That you would all come here 
·Jght and sit through the entire 

just for the chance to hear 
speech brings a tear to my eye. 

me stop here just a moment to 
1 know what you're thinking. 

u're thinking, "First I've got to go 
· rough a two and a half hour 

remony and now we've got a 
rpo for a student speaker." Let me 

· 'l'you, the people in charge of the 
.,,,.,m,.,m• are a little nervous too. I 

If have a dilemma. As student 
r, I have a responsibility to 
certain traditions. Tradition 

Is me that I should speak on the 
absolutely boring subject I can 
Tradition tells me never ever to 

anything of interest or, even 
, anything humorous. Tradition 

me that I should make several 
major points which you'll never 
ber. And tradition tells me that 

I should speak for at least 45 minutes. 
What am I to do? Don't I have an 

to keep to tradition? How 
ld I even think of going against 

time honored standards? 

I ladies and gentlemen-to heck 
tradition. I will do my best NOT 

bore you to tears. I may, perhaps, 
inject some attempt at humor. 1 

, I promise you, speak for much 
than 45 minutes. Finally, I will 

only one major point that I truly 
You to remember. If I do 

tonight, it will be to make 
understand the importance of 
g. To start with, I'd like to have 
use your imagination a little. 

Let's for a moment think about 
what the world might be like if we 
were to pattern life after various 
campus stereotypes. For instance, 
what if all the future yuppies were to 

What if all the future 
yuppies were to take 
over? 

take over? Being in the right group 
would be life's basic goal. Everything 
would be fine if you looked right. 
Everyone would have to wear white 
shorts, polo shirts, and deck shoes. 
There would never be another 
another ZITSO. In fact, the 
word "acne" would be stricken from 
the English language. Pale people 
would have disappeared. Of course 
by the age of 40, people would 
become one giant wrinkle from 
tanning booth overexposure. 

Or what if the punkers should 
happen to come out on top? 
Everyone would be so concerned 
about being different that no one 
would agree on anything. Far out and 
weird would be the norm rather than 
the exception. Hats would have to be 
constructed with a slit down the 
middle for mohawks. There also 
would be chronic shortages of 
checkered high-top tennis shoes. 

What would happen if this became 
a world of jocks? Everyone would 
have to win all the time. It would be 
survival of the fittest. Perhaps most 
noticeable would be the 
disappearance of all traces of the 
human neck. People would no longer 
politely disagree-they'd just break 
each other's legs. We'd start to get 
names like Rocko, Grog, and 
Belch monster. 

Peter Rieth 

And what if the brains took over? 
Nothing would ever again be simple 
or easy. No answer would be too 
complex. For instance, the answer to 
"Who do you think will win the Vike's 
game tonite?" might be something 
like, "According to my calculations, 
disregarding wind resistance of 
course, Minnesota has an 82.5% 

probability of scoring approximately 
2.3467 touchdowns more than their 
opponent." The cry would no longer 
be, "let's drink beer and party," but 
instead would be something like, 
"Let's have some prune juice and 
interact socially." 

. . . let's have some 
prune juice and 
interact socially. 

Now each of these examples plays 
upon stereotypes rather than real 
people, but they can still tell us a lot. 
Obviously none of those possibilities 
sounds like an ideal future, but they 
point out some extremely important 
concepts. First, it's important to 
belong; it's important to feel 
accepted. Yet it's also very important 
to be yourself and be proud you're an 
individual. 

Are all of us going to be president 
of a multi-billion dollar corporation? If 
not, then why do people call us 
"tomorrow's leaders?" I would 
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suggest that whether or not we're 
president, we all take a part in 
shaping society. Because we have 
this responsiblility, there is one thing 
we should never forget-people are 
important. In the upcoming age when 
computers and technology will be 
commonplace and the pressure will 
be on to complete our work tasks, let 
us not forget that it's important to 
care. 

Each and every one of us has 
feelings, likes, and dislikes. We've all 
had down days and up days. Keep in 
mind that others have them, too. I've 
seen too many groups fail because 
the members were only out for 
themselves and worried about 
completing the task. The success of 
any group is largely dependent on the 
concern of the members for each 
other. This is important to all of us 
because we are members of life's 
biggest group-society. 

Even as none of the examples I 
mentioned before had the answer to 
all life's problems, neither do any of 
us. However, we can be "tomorrow's 
leaders," all we have to do is be 
honest, be fair, and above all, take the 
time to care. A 

Museum from 6 

Major League Physics. For 
information on hours and costs, call 
221-9412. 

Bicycle Speed 
Record 
We are continually striving to reach 
greater and greater speeds. One area 
receiving more attention in this quest 
is the racing of human powered 
vehicles, In 1984, the Dupont 
Company offered an $18,000 prize to 
the first person to ride a bicycle 65 
miles-per-hour. On May 12, 1986, in 
Mono Lake, California, their challenge 
was met. Twenty-nine year old Fred 
Markham attained a speed of 65.484 
mph on level ground at Big Sand Flat, 
California. The .record was set 
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on a Recumbent Racing Bicycle. 
Recumbent bicyclists ride with their 
bodies in a prone position, which 
aids them in achieving maximum 
efficiency. The winning vehicle was 
entirely enclosed in a streamline, 
aerodynamic shell and was unaided 
by wind or other vehicles. 

Orient Express 

NASA has been researching the 
National Aerospace plane program, 
or Orient Express, announced by 
President Reagan in his 1986 State of 
the Union address. Officials envision 

future hypersonic cruise vehicles 
capable of flying intercontinental 
ranges at high altitudes and high 
speeds within the atmosphere. The 
vehicle will, if operational, fly from the 
West Coast to Tokyo in about two · 
hours. A subsonic flight takes ten 
hours to cover that same distance. 
The research for this project, carried 
out in cooperation with four 
Department of Defense agencies, may 
someday be used to design 
aerospace vehicles efficient and 
powerful enough to boost payloads 
and passengers to Earth .orbit. The 
first test flights are scheduled to 
begin in the mid-1990's. If the 
aerospace plane technology is 
successfully demonstrated, the first 
operational vehicles could enter into 
service sometime after the year 2000. 

Forget your opponents: always play 
against par-Sam Sneed 

Nobody knows the age of the human 
race, but all agree that it is old 
enough to know better-Anonymous 
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WRITE BETTER, 
RIGHT NOW. 

• Complete, all·in·one 
system includes paper, 
ribbon, and disk memory. 

• No programming-just 
plug it in and write. 
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• Multiple typefaces, auto
center and margin 
justification. 

• lluil t-in dictionary 
spell-checks over 50,000 
words. 

• Instructions appear on 
built-in prompt screen. 
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QUESTIONS 
1. What airborne vehicle did Montgolfiers design? 
2. What year were the first airplane speed races held? 
3. When Valentina Tereshkova went into space on June 16, 1963, she became the first woman space 
·· traveler. What was the name of the spacecraft she was on? 

What is a characid? 
.· 6. Who is the first person to make a roundtrip transatlantic flight in one day? 

6. What is the name of the flying horse in Greek mythology? 
·. 7. Which Apollo-Saturn mission put the first man on the moon? 

8. True or false: A glide plane is another name for a hang glider. 
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• SCORING 
' 6-8 You should have contributed to this issue of the Minnesota Technolog! 
·· 3-5 Not too shabby ... watch for the next issue, next topic ... 
'• 0-2 Keep on reading, you'll pick up some useless tidbits! 

m· 

SOURCES 

The World Almanac 1983, H.U. Lane, ed., c 1981, Newspaper Enterprise Association, Inc. 
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Van Nostrand's Scientific Encyclopedia, Fifth Edition, Douglas M. Constantine, ed., c 1968, b. Van 

Ostrand, Co., Inc. 
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IF YOU CAN TAKE CHARGE HERE, 
YOU CAN TAKE CHARGE ANYWHERE. 

Today' s Navy offers one of the best opportunities you rna y have to develop 

leadership experience. It's experience that has given a boost to many people 
in and out of the Navy. And it's an inherent part of a Navy officer's 

professional development. Naval ROTC gives qualified students tile opportunity to 
obtain a commission in the United States Navy as surface ship, submarine, or 

aviation officers. For more information call (612)625-6677 or write to: 

NROTC Program 
15 Church Street SE 
203 Armory Building 

University of Minnesota 
Minneapolis, MN 55455 

NAVY OFFICER. LEAD THE ADVENTURE. 
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lip Your Idea From 
Art to Part 

At tomorrow's GE, young engineers 
like Dean Robinson will produce 
designs almost as fast as they can 
think. Thanks to newly developed GE 
software that transforms design data 
directly into a tool path to produce 
the part right from an engineer's 
workstation. 

The new technologr,cal/ed "art-to
part CAD/CAM," goes far beyond 
solid modeling. First, realistic images 
are generated and displayed on the 

terminal; then tested, stressed, and 
refined. Designs can be rotated, cross
sectioned, or peeled away in layers. 
But that's just the beginning. 

When the design is ready for 
production, the computer generates 
instructions directly into the machine 
that cuts the mold. No blueprints. 
No models. Thought becomes reality 

What puts GE so far ahead in the 
development of art-to-part CADI 
CAM? Perhaps it's because we're our 
own best customer. We don't just 
design the software. We don't just 
build the hardware. We use these 
systems in most of our businesses. 
So we're constantly getting feedback 

General Electric is an equal opportunity employer. 

from our own engineers. 
that inspires ever more 
useful workstations. 

The point is, GE engineers. 
the most advanced tools 
can create. If you think 
to join them, sign up for 
with GE. If we don't visit 
send your resume to: 

General Electric Company 
Building 36-5 
Schenectady, New York 

Alfyoucan 
•roucan 

~A registered trademark of General 
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Advancin T chnolo 
As technology advances, those committed to their future will succeed. 
These are people who view obstacles as challenges. To them, inno
vation is the master key that releases new ideas and methods. From 
themselves they demand only the best. And they hold the brightest 
futures. 

At NCR Comten, we seek out these people. People who will keep us 
going strong. \X'e're one of the leading designers, manufacturers and 
distributors of data communication processing systems. To successfully 
spread information worldwide, our products have to be the best. Our 
top-notch employees make them that way. 

If you are a University of Minnesota computer science or electri
cal engineering major and you won't settle for less than the best, we 
may be able to help you. You can be at the front of our high tech push 
for excellence. You can \Vork hands-on \vith some of the most soph
isticated data communications processing systems available. You can 
join NCR Comten, a solid, state-of-the-art company full of challenge and 
opportunity. 

\\'c offer ongoing advancement potentiaL recognition for your exper
tise, an extensive compensation package and a chance to hold a bright 
future. lf you'd like more information about career opportunities with 
NCR Comten. check with the Placement Office to see when we'll be on 
campus interviewing or send your resume to the address below. 

l 

Personnel Dept. DL 373 
2700 Snelling Avenue North 
St. Paul, MN 55113 

An Equal Opportunity Employer 
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One common thread among most 
people who have become successful 
is that they possess the art and skill 
of communication. Most of us aspire 
to a job in either business or 
academia. Some local famous 
leaders in these areas are Lester 
Krough, Seymour Gray, and Ken 
Keller. These men have been able to 
rise to the top of their organizations 
by successfully using verbal, 
nonverbal and written 
communication in their jobs. 

Most successful businesses or 
schools contain people like the men 
I mentioned who have sharpened 
their communication skills in their 
quest for key positions. They realize 
the importance of effective 
communication, but how can they 
be assured that the people they 
interview can communicate? Well 
they can hire people who took 
classes in writing, speech and 
drama, and they can hire people 
who were able to satisfactorily 
complete their course of study while 
participating in extracurricular 
activities. 

Business and academia needs 
people who can speak well. These 
people need to be able to deliver 
impromptu speeches at banquets, 
meetings or classes. They need to 
be able to speak to their supervisor, 
and employees or students on a 
formal and informal basis. They also 
need to be able to participate in 
group discussion. Student groups 
offer these opportunities. They have 
opportunities to speak at banquets, 
to speak to and socialize with 
officers and co-workers, and to 
participate with peers in group 
discussion. 

Business and academia need people 
who can write well. These people 

I 

Student groups 
offer these 
opportunitiesm 

need proposals drafted, and reports 
and memos written. It is imperative 
for these to be clear and concise. 
The person who can master this will 
naturally be given more 
responsibility. Student groups draft 
and present proposals for student 
service fees. Some groups write 
reports, and all pass interoffice and 
intercampus memos. 

Business and acadmia need people 
who can portray themselves as 
mature, dignified individuals. 
Although it may sometimes seem 
superficial and shallow, image is 
important in any business. Good 

Although it may 
sometimes seem 
superficial and 
shallow, image is 
important to any 
businessm 

posture and composure are also 
very important for success in 
business or academia. Student 
groups provide the self-confidence 
through the process of getting 
involved, learning and seeing the 
fruits of your labor. This self
confidence translates into better 
composure. 

I think that the reason employers 
want us to have extracurricular 
activities on our resumes is because 
our involvement proves to them that 
we were forced to practice some 
communication skills. Those of us 
who were able to keep a respectable 
GPA and to participate in a group 
are the ones that they would rather 
bet on to be the kind of workers who 
will be able to climb the corporate 
or academic ladder. 

Student groups have a valuable skill 
to offer in return for an investment 
of your time and skills. Don't be 
afraid to join one of the student 
groups here on campus. With so 
many to choose from, there are sure 
to be one or two that interest you. I 
speak from experience in saying 
that the people in these groups want 
and need your participation no 
matter how minimal you may think it 
is. Of course, student groups aren't 
the only extracurricular activity you 
can participate in, but they are 
supported by your student service 
fees and they are there to provide 
you with a service, so why not 
choose one and participate? 

Mark Werner 
Editor 
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Renee Hanson-Copper Canisters for 
Nuclear Waste Disposal 

Renee is a senior in materials science. 
She has been involved with the I.T. 
Board of Publications for four years 
and is currently undertaking the 
planning for the Engineering College 
Magazines Associated convention in 
April. She enjoys camping, biking and 
sewing in what spare time is left after 
classes and Technolog work. Her 
major undertaking for the year is 
working with the Placement office to 
find employment after graduation. 

James Tseng-Opporiunities in 
Computer Engineering 

James H. W. Tseng is head and 
professor of the newly established 
Department of Computer 
Engineering at the University of 
Minnesota, Duluth. Professor Tseng 
holds a doctorate in electrical 
engineering as well as two law 
degrees. He has been a post
secondary teacher and 
administrator for over 20 years; he 
has always been actively involved 
with students, both in and out of the 
classroom. 
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Mike Heinrich-Synergy and the Art 
of Earth Maintenance 

Mike is a junior in Physics. He is the 
president of the University of 
Minnesota Ground Zero chapter, a 
member of University Scholars and is 
involved in the Student Leadership 
Development Program. Mike is 
employed in the Physics department 
under Dr. Freier as an assistant in her 
Cosmic Ray Research Lab. In his 
spare time, he enjoys windsurfing, 
rock climbing, camping and listening 
to jazz fusion. Mike plans to study 
physics in graduate school after 
receiving his bachelor degree. 

Mark Wemer-ATES: Recycling 
''Waste" Heat 

Mark is a junior in technical 
communication. He has worked for 
the Technolog in one aspect or 
another since he was a freshman. 
Mark hasn't had much spare time 
lately, but when he used to, he 
enjoyed various sports such as skiing, 
biking and golf. The last book Mark 
read was A Farewell to Arms by 
Earnest Hemmingway. His favorite 
comic strip character is Calvin of the 
comic strip, Calvin and Hobbes. 

Jim Wappes-Everything you always 
wanted to know about the Ag 
Engineering Department, but were 
afraid to bus over and find out 

Jim is a senior in journalism with an 
emphasis in science/environmental 
writing. He has amassed enough 
science credits to obtain an emphasis 
in biology and geography. After 
graduation, Jim plans to be a writer 
for a science magazine. In his spare 
time, he enjoys sports and outdoors. 
He plays volleyball, football and 
enjoys camping, canoeing, fishing 
and hiking. The last book he read was 
Papillon, by Henri Charricre. Jim's 
favorite comic strip character is Opus, 
of Bloom County, and his ultimate 
dream is to graduate someday. 

There are 1.4 billion cubic 
kilometers of water on earth. 

About three percent of the earth's 
water is fresh; three-fourths of the 
fresh water is frozen in glaciers and 
ice caps. 

On the average, 4.2 x 1012 gallons 
(15.0 x 1012 liters) of precipitation 
falls on the U.S. daily. 70% of this 
returns directly to the air by 
evaporation or is used by plants, 
3.12% Is used by industry, 2.46% is 
used for irrigation, 0.42% Is used by 
cities and 24% is returned unused to 
the sea. 

Source: World Book Encyclopedia, 
Volume 21, Copyright 1986, World 
Book Inc. 
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By Kevin Cummings 

Located at the Anoka County/Blaine 
Airport, the University Flight Facilities 
offer flight training for anyone 
interested in learning how to fly. 
Training may be taken for pleasure, 
business, and/or credit. Anyone in the 
community is accepted even if they 
are not University affilliated. General 
College offers the classes for credit to 
anyone registered at the University of 
Minnesota, Twin Cities. The credit 
can be part of a General College 
Professional Aviation degree, or 
applied as graduation elective credits 
for students not interested in an 
aviation degree or registered in 
General College. No one is required 
to take the classes for credit in order 
to get a Private Pilot's License. 

To get a Private Pilot License, a 
student must complete Private Pilot 
Ground School, Private Pilot Air 
Training, and must take the Federal 
Aviation Administration (FAA) 
Examination. The FAA exam involves 
a written and oral test with an 
examiner, and a flight test with an 
examiner. 

Students interested in learning about 
flying, but not actually flying or 
getting a Private Pilot License, can 
take the Private Pilot Ground School. 

Science useum 
By Mike Servatius 

The Science Museum of Minnesota 
continues to provide Twin Cities 
residents and visitors with 
fascinating and diverse exhibits. 
"North to the Pole" makes use of 
actual equipment, photographs, and 
written documents from the 1986 
Steiger expedition to the North Pole 
to convey the spirit of the historic 
adventure. 

Anyone with a heartbeat may enjoy 
viewing "Mending a Broken Heart." 
This exhibit presents the complex 
and important nature of our most 
vital organ. Displays aid in 
understanding proper heart 
functions, malfunctions, and means 
of correcting problems developed in 
the heart. Included is a Jarvik-7 total 
artificial heart model. 

The Omnitheater presents 
"Skyward," exploring the 
connections between birds, 
humans, and the environment by 
following a family of Canadian 
geese through the northern 
wilderness. "Water and Man" is a 
film which examines man's 
fascination with, and dependence 
upon water. Both films continue 
through June 1987. 

ioxin Emission 
Reduction 
By Mike Servatius 

According to an article in the 
August 1986 issue of Mechanical 
Engineering, dioxin emissions 
produced by incinerators that burn 
solid waste as part of a power 
generating system, are lower than 
incinerators that are unable to 
recover and use combustion heat. 

Concern stili exists about dioxins 
released into the atmosphere, in 
spite of a U.S. Environmental 
Protection Agency conclusion that 

waste plant dioxin emissions do not 
constitute a health threat. 

There is ongoing research in the 
areas of combustion and pollution 
control conditions, and the 
relationship between oxygen levels, 
the amount of moisture in refuse, 
the amount of carbon monoxide 
produced, and dioxin emissions. 
Preliminary findings of the ASME 
Dioxin Research project are 
reported in the August issue of 
Mechanical Engineering, published 
by the American Society of 
Mechanical Engineers (ASME). 

Engineering 
Incomes Up 
By Mike Servatius 

I 
I 

I 
I 

I 
I 

If you will be entering the 
engineering field in the near future, 
you will be glad to know that 
engineers' median annual income 
rose from $45,760 to $47,200 from 
January 1985 to 1986, according to 
the National Society of Professional 
Engineers' 1986 Income and Salary 
Survey. 

The 3.1% increase in median income 
did not, however, keep pace with 

Income to 32 
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A rhetorical essay on the earth as a fragile system .. 
A system whose whole is greater than its parts .. 

By Mike Heinrich 

The earth is a living system which is 
presently in danger. Understanding 
the properties common to all 
systems will be helpful in seeing the 
relations among the Earth's 
processes. I will present examples 
that demonstrate the validity of the 
living system model, and I will 
examine the implications of these 
ideas and the responsibility of 
individual engineers or scientists to 
be knowledgeable of the effect their 
actions will have on the 
environment. 

There are some properties common 
to all living systems. Living systems 
are self-regulating, keeping 
conditions constant within a small 
range. Variations in the system are 
counterbalanced, maintaining a 
dynamic equilibrium. The various 
parts of the system are 
interconnected so that a change in 
one part affects the entire system. 

An example of a living system is the 
human organism. If one of its 
organs is severely damaged, the 
entire organism may die even 
though the rest of the system is 
intact. This idea of the earth as a 
living organism in dynamic balance 
is very basic. However, if one of its 
parts is greatly damaged, then the 
processes that make life possible on 
the planet can no longer be carried 
out. The earth, as a living system, is 
governed by properties that apply to 
all systems. 

All systems, from a tetrahedron to 
the human organism, have certain 
properties in common. Systems 
have synergy: the whole is greater 
than the sum of its parts. Systems 
have emergent properties which are 
new and unique to the whole. This 
means that the behavior of the 
6 Minnesota Technolog Fall II, 1986 

Systems have 
nerg t whole 

is greater t n the 
sum of its parts .. 

system cannot be predicted by 
examining its parts individually. 
Speech, for example, is an emergent 
property of humans which cannot 
be found in any human parts 
examined separately. A change in 
one part will affect the entire 
system. Without all of its parts, a 
system will not work. Half of a 
system does not function half as 
well as the whole system; it does not 
function at all. 

Systems contain information which 
makes the organized interrelation
ship between the parts possible. The 
tetrahedron is an excellent example 
of the whole being greater than the 
sum of its parts. With six toothpicks 
and some tape, you can build this 
system. The resulting stable, three
dimensional object is not predicted 
by the six toothpicks alone. A 
specific relationship between the six 
is necessary to create the resulting 
structure. If one of the six struts is 
removed, the structure will collapse. 
The tetrahedron is a simple system 
compared with the human 
organism, which must regulate 
itself. Cybernetics is a branch of 
study specifically concerned with 
the self-regulation of systems. 

Cybernetics is concerned with the 
self-regulating systems of 
communication and control in living 
organisms and machines. Using 
feedback is one way that self
regulation can be achieved; 

engineers who work with 
operational amplifiers may be 
familiar with this technique. The 
regulation may be achieved by 
employing either negative or 
positive feedback, depending on the 
circumstances. Negative feedback 
makes corrections in output 
according to how far away the 
current output is from the desired 
goal. Positive feedback 
continuously reamplifies the current 
output. Temperature control in an 
oven is an example of regulation 
through negative feedback. There is 
no beginning point or ending point 
in a cybernetic system. One can 

There is no 
beginning or ending 
point in a cybernetic 
system .. 

understand the relation between the 
various components of a system by 
using a circular type of logic 
different from traditional linear 
logic. 

A systems approach can also help 
one see some of the relationships 
among different organisms on the 
planet. All species are dependent on 
other organisms for their survival. 
No species is completely self
sufficient. The relationship between 
organisms is both competitive and 
cooperative. Specialization in an 
organism is only possible if other 
organisms provide some of the 
basic functions necessary for 
survival. Increased specialization 
allows an organism to utilize 
untapped sources of energy, or live 
in conditions in which other 



The relationship 
b een nisms 
is both c titive 
and cooperative in 
naturem 

organisms cannot survive. 
Competition among species 
provides for regulation of growth. 

Limits on the availability of food, 
energy, space, or capacity to 
dispose of waste products will 
eventually halt the expansion of any 
species. Reaching the limits of 
growth is detrimental to a species 

Reaching the limits 
of growth is 
detrimental to a 
species .. u 

because the environment may be 
irrevocably damaged, thus killing 
the species. The balance of plants 
and animals provides an example of 
both the cooperative and 
competitive aspects of their 
interrelationship. Plants convert 
radiant energy into chemical energy 
which can be used by the animals as 
food. The animals help distribute 
essential nutrients and aid in the 
reproduction process of plants by 
unknowingly transporting seeds or 
pollen. 

Animals also prevent both the plants 
and themselves from reaching the 
physical limits of growth. Increases 
in a species are followed by 
increases in their predators, thus 
keeping population growth in check. 
This simplified scenario shows how 
interaction between species 
provides for both specialization and 
regulation of growth. 

A higher level of organization, 
required by increased 
specialization, indicates that the 
system contains a greater amount of 
information. The second law of 
thermodynamics states that all 

closed systems progress to greater 
levels of disorder. The increase in 
an organism's organization does not 
contradict this law because the 
overall entropy of the universe is 
increased while the organism locally 
decreases entropy. With more 
organization comes the ability to 
obtain more food, increasing 
survivability. The power source for 
these negative entropy reactions is 
sugar and ultimately radiant energy 
from the sun. Plants create the 
sugar from water, carbon dioxide, 
with light providing the necessary 
energy to manufacture the 
molecules. Animals use the sugar to 
power the negative entropy 
reactions that occur in their bodies. 

Evolution to higher levels of 
organization can be seen as a global 
process of information acquisition. 
Evolution from simpler species, for 
example, requires the same kind of 
major energy transactions that 
occur in sugar biochemistry. The 
macro case of evolution requires 
millions of individual organisms to 
die and become disordered, to drive 
slow increases in complexity among 
those who survive and reproduce. 
Some biologists think that life exerts 
conscious modification of the 
environment in order to optimize the 
conditions for growth. Indeed, life 
forms may have a natural tendency 
to higher levels of organization. 

The regulation of the composition of 
atmospheric gases provides an 
excellent example of the Earth's 
dynamically balanced system in 
action. One of the most important 
elements for life forms of higher 
metabolic activity is oxygen. On 

The present oxygen 
cone ration on 
the planet is 
maintained at a 
critical leveLu 

Earth, oxygen content is maintained 
at 21 percent by volume of the total 
atmosphere. The use of oxygen to 
oxidize energy-containing 
substances allows the organism to 
obtain many times more energy 

than if the food was metabolized by 
anaerobic means. The present 
oxygen concentration on the planet 
is maintained at a crticallevel, 
balancing the need for maximum 
metabolic rates while avoiding 
uncontrolled reactions. 

If the percentage of oxygen was 
much lower or higher than present 
day levels, various problems would 
arise. At lower concentrations there 
would not be as large of an energy 
gradient available. That would 
preclude many of the more 
energetic activities that take place in 
organisms. The higher forms of 
life would not be able to exist 
because activities such as running, 
flying or thinking could not be 
sustained. As the concentration of 
oxygen approaches 25 percent, the 
possibility of uncontrolled reactions 
greatly increases. The frequency of 
forest fires and students 
spontaneously combusting on the 
way to class, would create a global 
conflagration destroying life. In view 
of the essential nature of oxygen 
regulation to our existence on the 
planet, it may be useful to 
understand how the regulating 
mechanisms work. 

Oxygen regulation is achieved 
through a number of counter
balancing processes. Oxygen is 
produced by plants as a result of 
photosynthetic activity and 
consumed by animals who create 
carbon dioxide. Carbon dioxide 
levels influence plant growth, which 
acts with negative feedback 
ensuring that the usual balance 
between the two processes is 
maintained. Plants that die and are 
buried, decay anaerobically, slowly 
giving off methane gas. The 
oxidation of methane in the 
atmosphere reduces the oxygen 
levels by approximately one 
percent. 

Methane oxidation is partially 
balanced by nitrous oxide decay, 
which releases chemically stable 
nitrogen gas and oxygen as a result. 
Nitrogen gas is also produced by 
bacteria. As the most abundant gas 
in the atmosphere, it dilutes oxygen 
and builds atmospheric pressure. 
The presence of ammonia serves to 
control acidity in the environment, 
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maintaing optimum conditions for 
plant growth. This enables plants to 
continue producing oxygen as a 
byproduct of photosynthesis. The 
combined effect of these gases 
keeps the oxygen concentrate at a 
near constant level. 

Humanity has the ability to 
significantly alter the environment 
of Earth. We have developed tools 
which put vast amounts of energy 
under human control. Whether or 
not we have the necessary 
understanding of the Earth's 
processes to use that energy 
responsibly, is a matter of prime 
importance. 

Damage is being done to the living 
system. The long-term effects are 
not completely understood. But if 
the damage is severe enough, the 
processes necessary for our survival 
may no longer be carried out. 

Agricultural techniques used around 
the world are causing some of the 

e long term 
effects are not 
co lete 
understo 

most severe damage to the living 
system. The overuse of fertilizers, 
and the abandonment of fallowing, 
terracing, and crop rotation all have 
increased the damage to arable 
land. Because of the long-term 
nature, many people do not realize 
the danger of these practices. 
Erosion of topsoil, deforestation, 
and desertification of large areas of 
the globe, are all the result of 
current agricultural practices. 
Efforts to maximize the short-term 
production of food often cause 
long-term damage to the land. We 
cannot solely blame the farmers 
whose survival depends on 
maximizing short-term yields. To 
halt this damage, it is imperative 
that greater emphasis be placed on 
long-term preservation of land. 

Allocation and use of natural 
resources is essential if progress is 
to continue into the 21st century. 
Given enough time, the earth can 
8 Minnesota Technolog Fall II, 1986 

heal the wounds caused by the 
current overuse of resources. 

As the developers of new 
technology, scientists and engineers 
hold the key to finding long-term 
solutions to global problems. On an 
individual level, scientists or 
engineers should strive to develop 
and use technology to benefit 
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Nuclear waste containers need to be designed 
to last hundreds, perhaps thousands of years .. 

By Renee Hanson 

Nuclear power and fuel have 
become a fact of life for Americans 
and the world since the first atom 
was split. As the number of nuclear 
power plants increases, the problem 
of storage for the nuclear 
by-products of these power plants 
also increases. 

Research on different storage 
possibilites is going on at national 
laboratories and private laboratories 
in the U.S., at the Swedish 
Corrosion Institute and many other 
institutions worldwide. Currently, 
the University of Minnesota is 
participating in the research in the 
area of copper canisters for 
nuclear waste disposal. 

To understand why nuclear waste 
problems are difficult to solve, it is 
necessary to understand a bit about 
radiation in general. Radioactivity is 
a process where the atom can 
disintegrate and emit several types 
of rays. The main type of radiation is 
light in the form of x-rays or rays. 
These rays are stopped by thick 
lead block. They are high energy, 
high frequency, and low 
wavelength. 

.... mno two ctive 
elements behave the 
samem 

To apply this to nuclear waste, no 
two radioactive elements behave the 
same. Dr. William Gerberich, 
Director of Materials Science and 
Engineering at the University of 
Minnesota stated that each element 
has its own half-life. Every 
application of radioactive isotopes 
requires disposal, and each isotope 
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requires different handling. 

These different isotopes and their 
presence in the nuclear waste form 
helps classify nuclear wastes. 
According to Dr. Gerberich, there 
are two types of nuclear waste: low 
level and high level. The rate of 
decay of the waste determines the 
level. Commercial fuel elements are 
considered high level. 

There is a long list of problems in 
disposing of nuclear waste. For 
example, Dr. Gerberich said the 
time for the typical high level waste 
before it's truly safe is ten thousand 
years. However, maximum 
containment for nuclear waste is 
three hundred years . 

Another time problem involves the 
extrapolation of data to the 
thousand years required for safe 
storage. The statistics are difficult 
when the information from a five 
year test is extended to one 
thousand years. With these 
extrapolations, safety is difficult to 
guarantee. 

Other problems include the 
geologic structures that would 
contain the waste. Earthquake faults 

I 

are a problem, so granite that is 
removed from faults is sought. 
Granite with flaws, inclusions, 
cracks or grains allows water 
incursion and has a higher 
corrosion probability. Salt caverns 
are also a possibility. They have a 
life of ten thousand years, but the 
salt creeps over time. Other 
considerations include the 
corrosion of the container by the 
geologic structure around the 
container. 

The third level of difficulty involves 
the overpack (the material fill 
between the geologic structure and 
canister) around the canister. With 
long term exposure, there is 
concern about the effects of 
anaerobic bacteria because bacteria 
could cause corrosion in the 
material. 

Finally, the canister and waste form 
need to be examined. Hydrolysis 
(decomposition) of the inside of the 
canister is a possibilty. 

High level nuclear waste requires 
containment for long periods of time 



and several possible containers are 
being considered in the U.S. 
according to Dr. Gerberich. First is a 
cast iron or rod steel canister. 
However, there are stress problems 
around the weld on the lid. Also, 
stress corrosion cracking and 
hydrogen embrittlement 
(environmentally-assisted cracking) 
concerns are associated with a cast 
steel canister. Because of these 
concerns, there needs to be a way 
of heat treating the material while it 
contains the nuclear waste. 
Research is continuing to solve 
these problems. 

Another canister material that is 
being considered is stainless steel. 
However, there are sensitization 
problems. The waste form 
temperatures are high (200-300° C) 
over several hundred years. This 
could result in chromium depletion 
in the material and stress corrosion 
cracking. Again, research is 
continuing on the material. 

A third canister being researched is 
commerically pure titanium. The 
material has good corrosion 
resistance, but hydrogen 
embrittlement is a problem. 

With each of these materials there is 
an unknown effect of determining 
alloy stability over a thousand years, 
especially with cast steel and 
stainless steel since these materials 
haven't been around very long. The 

The interaction of 
material, 
temperature, 
environment and 
rad tion needs to 
be studiedu 

interaction of material, temperature, 
environment and radiation needs to 
be studied. Dr. Gerberich 
commented that there are still 
concerns and they haven't been 
completely ironed out. 

Copper is another material that is 
being considered for nuclear waste 
canisters. Author Rustum Roy 
writes, "Swedish corrosion studies 

on both their AI 0 and the massive 
2 3 

copper canisters have shown that 
these are more than adequate with 
respect to possible corrosion for the 
one thousand to ten thousand year 
requirement." 

An article by Einar Mattson of the 
Swedish Corrosion Institute titled 
"Corrosion Resistance of Canisters 
for Final Disposal of Spent Nuclear 
Fuel" discussed the massive copper 
canister. The copper canister 
designed by the Swedes has a 200 
mm wall thickness and an estimated 
lifetime of 100,000 years. 

These canisters are designed to 
store unprocessed nuclear fuel. The 
fuel rods are to be enclosed in 
"oxygen-free high conductivity" 
copper, surrounded by lead. The lid 
on the canister will be sealed by 
electron beam welding. The 
maximum surface temperature of 
80° C will be reached after ten to 
twenty years. 

The Swedish research has 
concentrated on diffusion and 
corrosion at the surface of the 
copper canister. Copper can be 
attacked by water containing 
dissolved oxygen. Copper is also 
oxidized by sulphates or nitrates, 
but the reactions are slow in the 
absence of bacteria. SH-in some 
amount leads to copper oxidation 
by H+. The reaction is 

2 Cu + HS- = Cu S + OH-
2 

where the sulphide content is 
assumed to be the same as the 
groundwater. The equation the 
Swedes used to measure the lifetime 
of the canister is 

P =A (t- t0) n 

where P = pit depth 
t =time 
A, n = constants 
t = incubation time before 

0 
pitting starts 

n was determined to be between 0 
and 1, and in the field test of copper 
it was either 0.1 or 0.6. A was 
approximately 25, also determined 
from field tests on copper corrosion. 
All this adds up to a copper canister 
lifetime of thousands of years for 
the Swedish massive copper 
canister. 

At the University of Minnesota, 

Professor Bill Smyrl is researching 
the possibilities of copper canisters 
for nuclear waste disposal with 
funding from the Department of 
Energy and the Lawrence Livermore 
National Laboratory. The copper 
canisters are being developed for 
the Nevada Tuff site. The site has a 
welded tuff or volcanic geologic 
structure with low porosity. The site 
is above the water table, and the 
canisters are to be mined into the 
mountain, open to the atmosphere. 

Copper is not the primary material 
choice; stainless steel is. But copper 
was selected as a backup material in 
case stainless steel is disqualified. 

Five hundred to one thousand years 
is the initial containment. This range 
lets short-lived elements decay 
away. After this time, the 
temperature is reduced to the 
ambient temperature. According to 
Professor Smyrl, five hundred years 
is crucial. 

"No one thought 
about isola g 
(waste) r e long 
terms requiredm" 
"Waste isolation is in its infancy," 
said Professor Smyrl. "No one 
thought about isolating (waste) for 
the long terms required." 

Nuclear waste disposal uses 
multiple barriers to provide isolation 
for the waste. The primary barrier is 
geological. The waste form and 
canister are the second barrier and 
the third barrier is the overpack. 

The University's research involves 
the scientific basis for material 
selection and also testing for 
geological conditions on the 
canister. The corrosion of the 
canister is the most important 
criterion for choosing a canister 
material. The first step in selecting a 
canister material is to determine 
corrosion behavior. The second step 
is to develop test techniques for 
evaluating corrosion behavior and 
the final step is to devise a method 
of stabilizing the canister. The 
research at the U is still in the first 
two stages. 
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Professor Smyrl 

The University's research is 
"oriented toward very exact 
determinations of the corrosion 
rates under controlled conditions," 
stated Professor Smyrl. 
Electrochemical techniques are 
used to measure corrosion rates. 
The mechanisms of the reaction are 
also studied. The group includes 
studying the influence of oxidizing 
species at the surface of copper and 
the effects of mass transport or 
kinetics of the reactions. The group 
can then model the reactions or the 
corrosion process exactly. They 
then combine the model with 
corrosion data and using Gray 
supercomputers on campus, they 
can model the canister and estimate 
its lifetime under controlled 
conditions and extrapolate to real 
life conditions. This process gives a 
better picture of what behavior 
would be expected under various 
conditions. 

New test techniques are being 
developed to monitor corrosion 
behavior in situ in the repository. 
Techniques are also being adapted 
for use in radioactive environments. 

Compared to the Swedish massive 
copper canister which is intended to 
store fuel rods, the Nevada canister 
is designed to store a processed 
waste form of lower radioactivity. 
Also, the 200 mm wall thickness for 
the Swedish canister is meant to 
contain radiation. The wall 
thickness for the Nevada canister is 
1 to 2 inches, which is not enough 
to prevent radiation from 
penetrating it. There will, however, 
be other considerations at Nevada 
to prevent radiation leakage. 

Copper has several advantages. It is 
a well-known material, and its 
behavior as a metal and alloy is also 
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well-known. It has been widely used 
for years, and its behavior as a 
construction material has been 
studied. There are no surprises with 
copper, said professor Smyrl. 
Although the cost of copper is more 
than carbon steel, the cost is not a 
disadvantage; copper costs are not 
that high. Also, native copper is 
found in old geologic formations 
and has been demonstrated to have 
a life spanning centuries under 
certain conditions. 

There are some disadvantages 
associated with copper. Strength is 
a problem; copper is not a high 
strength material. Its strength is 
about the same as that for stainless 
steel. Because of the lower strength, 
a fair amount of the material is 
needed to handle the mechanical 
requirements. Also, the conditions 
in which copper can be used must 
be non-oxidizing because copper 
corrodes under oxidizing 

Dr. Gerberich 

conditions. Pure copper does not 
form a protective film like stainless 
steel does, so you need to use a 
copper alloy. 

Canisters to 30 
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Someday we may be able to use heat discharged 
from industrial plants and air conditioning 
systems in the summer, to assist our heating 
systems in the winter G 

By Mark Werner 

The University's St. Paul campus is 
the site of a clever thermal energy 
storage project. Scientists from the 
Department of Geology and 
Geophysics, the Department of Civil 
and Mineral Engineering and the 
Minnesota and U.S. Geological 
Survey, have made a working model 
in which waste heat could be taken 
from power plants, air conditioning 
systems, or any system that 
generates waste heat, stored 
underground and then retrieved 
later to assist heating systems 
during the cold winter months. 

In May of 1978, members of the 
Society for Thermal Energy Storage 
met to try to launch an aquifer 
thermal energy storage experiment. 
The experiment consisted of heated 
water stored underground for 
different periods of time and then 
retrieved and analyzed to see if a 
working storage system could be 
developed. Three possible sites 
were decided upon: Bethel Alaska, 
Stonybrook University, and the 
University of Minnesota's St. Paul 
campus. Bethel eventually 
experienced huge cost overruns and 
was foced to give up, Stonybrook 
had a major problem with their wells 
clogging, and soon U of M St. Paul 
was the sole survivor. 

As it turned out, our area had ideal 
conditions for such an experiment. 
Minneapolis-St. Paul experiences 
the largest temperature swing of any 
metropolitan area containing over 
one million inhabitants. We have 

Minneapolis ... st .. 
Paul experiences 
the lar st 
temperature swing ...... 

four aquifers under our cities, but 
only two are used. Most 
communities are lucky to have one, 
so the Aquifer Thermal Energy 
Storage (A TES) team had an 
abundance to choose from. In 1980, 
Battelle Pacific Laboratories allowed 
the project to start with grant money 
from the U.S. Department of Energy. 

By Conrad Teves 

t 
Between 600 and 800 feet below the 
St. Paul campus lies the Franconia
lronton-Gallesville aquifer, a 200-
foot thick layer of porous sandstone 
and shale. This aquifer is the site of 
the ATES experiment. The scientists 
drilled an injection well and supply 
well located very far apart from each 
other. They set monitoring wells at 
distances of seven, fourteen, thirty 
and one hundred meters radii from 
the injection (storage) well. All of 
the wells were screened and gravel 
packed. The system consisted of 
these wells, a heat exchanger and a 
type of water softener, a fixed bed 
precipitator. The fixed bed 
precipitator was decided upon 
because the water contained 
calcium carbonate which, when 
heated, causes precipitate which 
can clog or slow down the system. 

The experiment consisted of several 
short-term storages of thirteen, 
ninety, and seventy days, and one 
long-term storage of sixty-four days 
in length. A volume of water, 
twenty-five million gallons, (about 

A volume of water, 
twen five million 

llonsu .. 

the size of a football field that is two 
hundred feet thick) was pumped 
from the aquifer and heated to 
temperatures ranging from 89.4 
degrees Celsius to 114.8 degrees 
Celsius. They found energy 
recoveries ranging from forty 
percent (long-term) to sixty percent 
(short-term). 

Thermal to 25 
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By Renee Hanson 

The Songs of Distant Earth, Arthur 
C. Clarke, Ballantine Books, 1986, 
hardcover, 256 pages, $17.95 

Arthur C. Clarke's latest book is a 
masterful novel titled The Songs of 
Distant Earth. It centers around the 
psychological and social 
implications associated with the 
destruction of the solar system and 
deep space travel. 

The solar system was destroyed in 
the novel because the sun became a 
nova. However, before the Earth was 
destroyed (about 1620 years before) 
scientists confirmed the destruction 
and started sending ships to seed 
other planets thus ensuring 
mankind's survival. Also in the last 
days before the final curtain call for 
the Earth, an interstellar ship was 
launched with several hundred 
sleeping colonists. The story 
revolves around an established 
planet and its meeting with the 
interstellar ship. 

The characters are wonderfully 
human with many quirks and flaws. 
For example, there is a senior 
statesman who regularly talks to his 
dead wife. Also, there are mutinous 
crew members. The characters in 
the novel are living, breathing 
creatures with joys and pains. 
Clarke writes the characters in such 
a way that you form bonds and 
attachments to them. 
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The interactions between 
Thalassans and the ship's crew are 
moving. There are some predictable 
moments but Arthur C. Clarke's 
writing style creates everything 
anew with his poetical prose. Where 
some writers tell the reader what is 
happening, Clarke shows them. He 
also leaves out what the reader can 
guess at or doesn't need. There are 
delightful gaps in the story. 

In one passage Clarke describes the 
exploration of the sea bottom. 

Loren could see what the 
speaker meant. The slender 
trunks ended in a network of 
roots, grasping rock
outcroppings so firmly that no 
storms or surface currents 
could dislodge them. The 
analogy with a forest on land 
was even closer than he had 
thought. 

It is a very dramatic and moving 
story filled with curiosity, adventure, 
intrigue, irony: everything a good 
book needs. And too, it is a science 
fiction book. Clarke himself in the 
Author's Note at the beginning, 
addresses the issue of science 
fiction versus fantasy books. This 
book contains that element of 
science and scientific speculation 
required for a hardcore science 
fiction book. Clarke uses scientific 
fact with the interstellar space ship 
that travels at only 20% the speed of 
light. 

Despite the hardcore science fiction 
of the book, the plot will intrigue 
everyone, even the romantic novel 
reader. This book will touch the 
reader and leave the reader moved. 
If there is one book that must be 
read this year, The Songs of a 
Distant Earth is assigned reading. 

Age of Wonders, David Hartwell, 
McGraw-Hill Book Company, 1984, 
224 pages, paperback, $3.95. 

Explaining the world of science 
fiction to those who don't 
understand it is a difficult task. Age 
of Wonders is an extensive essay 
about science fiction for those who 
aren't involved in it and for those 
who are. 

The author, David Hartwell, starts by 
trying to define the average reader 
of science fiction. He writes, "The 
science fiction reader may be your 
attorney, your dentist, your 
children's schoolteacher, ... your 
wife or husband or child, happily 
living in two worlds at once ... " 

Science fiction attracts people who 
want discovery or wonder in a story. 
These people see hope and 
greatness for the future and science 
fiction provides the escape to a 
world that's better than the one they 
are in now. Hartwell says, "There is 
hope in the future as well as 
wonders and escape." 

Hartwell also explains why so many 
of the readers are young, often 
adolescents. From the age of twelve 
through the teenage years, it's 
easier to let go of the present reality 
for something better: often the real 
world is full of contradictions and 
confusion for the teenager. 

Wonders to 22 
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Our roving reporter poked around the Agricultural 

Engineering Department to catch a glimpse of the 

program and its people .. 

By Jim Wappes 

Few people may realize it, but IT 
row extends clear into the St. Paul 
campus. The St. Paul version of IT 
row, however, consists of just one 
structure-the tree-I i ned 
Agricultural Engineering building, 
part of a spacious environment that 
is foreign to engineering buildings 
on the Minneapolis campus. 
Agricultrual engineering is set apart, 
not only by its unique physical 
surroundings from its Minneapolitan 
engineering counterparts, but also 
by its curriculum. 

It is, as departmental head Fred 
Bergsrud put it, "A unique 
combination of the physical and 
biological sciences." Agricultural 
engineering not only entails working 
with the typical engineering fare of, 
for example, vectors and kinematics, 
but it also means application of 
those principles to living organisms 
and a changing dynamic 
environment. 

A professional agricultural 
engineering program has been 
around at the University since 1923, 
although a division of engineering 
called "Agricultural Engineering" 
was first taught in 1895. 

The ag engineering department 
today is small, with a high teacher
to-student ratio. Over the last five 
years, there have been an average 
57 undergrads, with 48 enrolled last 
year. There are about 30 graduate 
students currently enrolled, and the 
staff is comprised of 20 professors. 
The University's ag engineering is 
held in high regard nationally. 

t 

Ill Ill 

I r1 

Recent rankings place the graduate 
program as the sixth best in the 
country, and the undergraduate 
program as the nation's eighth best. 

The lower division ag engineering 
curriculum differs little from other 
engineering curricula (No, Ag E 
students aren't exempt from the 
1271 series also known as death by 
differentiation physics. Nice try, 
though.) The upper division 
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courses include mechanical and 
civil engineering courses
thermodynamics and fluid 
mechanics are two examples-as 
well as agricultural engineering 
courses. The upper division Ag E 
classes vary according to how the 
student elects to specialize in the 
field. 

The future looks bright for 
agriculture engineers. Although the 
agriculture industry is facing hard 
times, there are more openings in 
agriculture engineering, as fewer 
students enroll in the program. 
According to a 1985 U.S. 
Department of Agriculture (USDA) 
study, through 1990, there are 
projected to be more than 14,000 
job openings annually in the 
agricultural science and engineering 
fields. USDA data indicates that 
during the same period, there will be 
11,600 graduates in these fields, 
resulting in demand exceeding 
supply by 2,400 people per year. 
The average starting salary for an 
agricultural engineer with a B.S. 
degree in 1984-85 was $24,035 
nationwide. Engineers with master's 
degrees averaged $30,029 and the 
mean Ph.D. starting salary in the 
same year was $36,814. 

The Agricultural Engineering 
Department at the U is divided into 
five specializations: 
- Soil and Water, which involves 

water quality, irrigation, 
drainage, erosion control, and 
hydrology. 

- Structures and Environment, 
which deals with controlling 
factors in the environment in 
which farm animals and plant 
foods are stored. 

- Power and Machinery, where the 
engineer's work involves the 
mechanization in all aspects of 
food processing. 
Electrical Power and Electronic 
Systems, in which the goal is to 
provide safe electricity to ensure 
maximum farm productivity 
while conserving energy. 

- Food and Process Engineering, 
which involves designing 
machinery and methods to 
process foods of the highest 
quality at the lowest cost. 

Dr. John Nieber is an agricultural 
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engineer whose specialization is in 
Soil and Water. Nieber, an associate 
professor of agricultural 
engineering at the University, is one 
of three professors leading a 
research team in the study of 
ground water quality and how it is 
affected by agriculture. This 
interdisciplinary study also involves 
people in soil science, agronomy, 
agricultural economics, and geology 
and geophysics departments, and is 
done in cooperation with the U.S. 
Geological Survey, with further 
assistance from the Pollution 
Control Agency and the Department 
of Agriculture. 

The research project was initiated 
this year after a growing concern 
that small amounts of chemicals 
were infiltrating the nation's 
groundwater, which is consumed 
untreated by half of the people in 
Minnesota via wells, according to 
Nieber. Studies in the past have 
been focused on the more visible 
problem of surface water 
contamination, but with more 
advanced detection equipment, 
focus has broadened to include the 
unseen groundwater table. Nieber's 
emphasis will be in hydrology
determining the way in which the 
water (as well as the chemicals) 
travel from the surface soil to the 
groundwater reservoir. 

This hydrological aspect is 
especially challenging, since the soil 
is such a dynamic medium, riddled 
with roots and holes from animals. 
In fact, there are many large pores 
(called "macropores") in the zone 
between the topsoil to the water 
table (the vadose zone) that allow 
more water and chemicals to pass 
than the surrounding medium. Also, 
the chemicals can alter the vadose 
zone; for example, certain toxic 
chemicals have been known to 
shrink clay, thereby causing 
fissures. 

The researchers are dealing with 
two contaminants: nitrates and 
pesticides. The nitrate comes from 
nitrogen, an element commonly 
used in fertilizers. In infants, the 
nitrate is chemically altered and 
becomes nitrite, which depletes the 
blood of oxygen and causes what 
are known as "blue babies." Long-

term effects are currently being 
researched, to determine if nitrate is 
a carcinogen. Nitrate is a 
particularly difficult problem since it 
has a negative charge, most soils 
are inorganic and negatively 
charged. Therefore, the nitrate is 
not electromagnetically attracted to 
the soil particles, and passes 
through the vadose zone quite 
readily. Pesticide standards are also 
being established, to see what levels 
of the various chemicals in 
pesticides are acceptable in 
drinking water. 

ti de standards 
are also being 
e lishe~d 

It is the job of Nieber and his 
associates to determine how much 
of the chemicals will travel into the 
groundwater in a given situation, 
with a given set of variables. The 
variables will be, for example, how 
much fertilizer or pesticide will be 
applied, what time of year it will be 
applied, and how it will be applied 
(e.g. in a broad covering, or just 
near the plants); whether the soil is 
completely turned over during 
cultivation (conventional tillage), left 
unturned with plenty of plant 
residue to prevent erosion (no till), 
or somewhere in between; what 
crop is planted; and how the 
properties of the soil differ. 

Two areas of Minnesota have been 
pinpointed to be especially 
susceptible to groundwater 
contamination caused by 
agricultural practices. One is the 
central sandplains area, which has 
coarse textured loamy sand that 
readily allows water to pass 
through. The other area is the 
region of karst topography in 
southeastern Minnesota. Here the 
soil is a deep silt loam with less 
water permeability underlain with 
fractured sandstone and limestone. 
This highly productive corner of the 
state contains approximately three
fourths o·f the state's groundwater. 

The University has a research 
facility set up on a farm in the 
sand plains area. One section of the 
farm is divided into 30-35 plots, 
each 30 feet by 30 feet. In the center 



of each plot is a lysimeter, a five foot 
diameter cylinder sunk into the 
ground containing soil identical to 
the surrounding soil. (Each 
lysimeter is lowered into a hole and 
carefully refilled layer by layer with 
the original soil from the hole and 
allowed to sit for a number of years 
to reach an equilibrium.) The 
lysimeters are equipped with a 
suction system to draw standing 
water from the base of the cylinder 
for testing. The water collected is 
then filtered through chemical 
resins, and the resins are analyzed 
for chemical content. This method 
allows a different set of agricultural 
procedures to be applied to each 
plot of land and then the effect on 
the water at the base of each 
lysimeter to be determined. It also 
contains neutron probes to 
determine soil moisture within each 
lysimeter soil profile. 

A second section of the farm will be 
divided into six larger parcels, each 
having a different set of soil 
conservation practices applied to it. 
A well will be installed on the side of 
each plot in which water flows, and 
effects on the quality of the water 
will be determined. 

The third area will be separated into 
medium-sized plots, and will parallel 
some of the lysimeter plots, but will 
experiment with even more farm 
practices. Core samples of the soil 
will be taken in many spots to 
enable the detailed geological 
mapping of this section, and 
measurements will be taken in many 
spots to enable the detailed 
geological mapping of this section, 
and measurements will be taken 
throughout the vadose zone using 
devices called "suction samplers," 
which are long tubes with porous 
tips that draw water out of the 
ground. 

There will be two research facilities 
in the southeastern part of the state 
with similar setups, but as of yet 
they do not have lysimeters installed 
for the controlled analyses of this 
different soil type. 

Nieber's research is just one 
example of the kind of work an 
agricultural engineer does. Each of 
the five specialized areas above 

involves a broad range of 
agricultural applications. Listed 
below are some of these 
applications, they are only a few of 
the broad spectrum of modern 
agricultural technology and 
innovation. 

Elsewhere in Soil and Water, for 
example, the department's work on 
drainage involves designing systems 
that not only achieve the mechanics 
of draining water from, say, a 
farmer's field, but will also take into 
account the strain on the plants. 
Current drainage research includes 
"subirrigation," a design to use 
drainage tiles that are common in 
farmers' fields to hold excess water 
during wet periods. The water can 
then be used for irrigation during 
droughts. The erosion control facet 
of Soil and Water involves the 
design of dams and terraces and 
determining which plowing and 
planting methods result in the least 
amount of soil erosion. Also, current 
predictions are becoming so 
accurate as to predict the amount of 
runoff in a certain area of a field 
after a storm deposits x amount of 
water. 

Erosion control is also inextricably 
linked with water quality control, 
since chemicals can be carried with 
the water and eroded soil and often 
drain into lakes and streams. Also, 
research has been conducted using 
infrared waves to detect water stress 
on plants. The infrared scanning 
determines if a plant is low on water 
and is useful in determining when 
irrigation is needed. 

In the area of Structures and 
Environment, the Agricultural 

Engineering Department at the 
University enjoys a relationship with 
the School of Veterinary Medicine 
that is unique in the country. In 
1968, the Vet School approached 
the Ag E Department for help in 
livestock disease control, since 
improper building design and 
ventilation often contribute to 
disease and hasten the spread of 
disease-causing microbes. In 
conjunction with the Vet School, 
engineers in Structures and 
Environment calculate how, for 
example, fans should be placed to 
ensure sufficient ventilation without 
incurring a dangerous loss of body 
heat to the animals. This discipline 
of ag engineering requires not only 
a study of the atmospheric and 
other environmental factors involved 
in farming, but it requires 
application of that knowledge to an 
entirely different subject-the 
biology of animals (including 
humans) and plants. Waste 
management, which is an integral 
part of maintaining a healthy 
agricultural environment, is also 
included in Structures and 
Environment. 

Farm machinery, like all machinery 
today, is becoming increasingly 
high-tech. Much of the designing 
done in the Power and Machinery 
area involves computers, and 
tractors and other farm implements 
of the future which will carry 
increasingly more complex 
computerized instruments. 
Research at the U is focusing on 
some interesting areas. In the area 
of harvesting equipment design, for 
example, the emphasis is on 

Ag to 23 

Minnesota Technolog Fall II, 1986 17 



It r fil 

JOSEPH SHAPIRO 

By Susan Caldow 

There is a man in the Geology 
Department who is concerned about 
Minnesota's 10,000 lakes. In his 
many years of limnological 
research, he has been at the 
forefront of lake restoration in the 
United States and abroad. 

The field of limnology became very 
important in the early 1960s. As the 
human population increased, water 
pollution also increased because of 
greater detergent dumping. People 
became concerned when their clear 
lakes became murky and opaque. 

Professor Joseph Shapiro describes 
himself as an over-the-hill 
limnologist who believes one of his 
strengths is the ability to stimulate 
others to prove him right or wrong. 
In order to stir interest in a new idea 

''I t give a new 
spin to the 
mun " ne ...... 
of his, Shapiro gave buttons to 
about 200 people with his coined 
word "biomanipulation" printed on 
"We're attacking the symptoms and 
"I try to give a new spin to the 
mundane," said Shapiro. 
Shapiro strongly believes in his 
theory of biomanipulation. Instead 
of approaching the problems of 
overfertilization from an engineering 
standpoint, Shapiro sees the 
biological approach as much more 
logical and efficient. "It's time to 
take the lakes away from engineers 
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and give them back to biologists," 
said Shapiro. 

Storm drain runoff causes the 
nitrogen and phosphorus levels to 
increase in lake water which in turn 
causes the algae in the water to 
overgrow. The conventional solution 
to this problem would be to redirect 
the storm drains. Unfortunately, this 
process can be very costly and 
sometimes it is impossible to 
determine the source of runoff. 

T 
biomanipulation 
process is a less 
expensive method 
of cont 
The biomanipulation process is a 
less expensive method of control. If 
there is too much algae, the 
zooplankton population which eats 
the algae can be increased. 
Likewise, if the zooplankton 
population is too high, the fish 
population that feeds on the 
zooplankton can be increased. 

Shapiro admits this approach has 
been criticized, but he hasn't 
encountered a better method. 
"We're attacking the symptons and 
not the causes," Shapiro said, 
"There are times when you can't 
attack the cause, it's indefinable, the 
runoff can't be channeled." 

Currently, Shapiro is getting ready 
to publish a paper on a National 
Science Foundation sponsored 
project done this summer on Square 
Lake, north of Stillwater. Since 
phosphorus causes lakes to become 
more fertile, the hypothesis was 
made that the zooplankton which 

Photo by Gary Lovelace 

spend the nighttime (16 hours) in 
the depths of the water and the 
daytime (8 hours) on the surface for 
survival, could be phosphorus 
transporters. If the zooplankton 
spend most of their time in the lower 
waters, the phosphorus content 
would be greater there. 
Unfortunately, Shapiro and his 
colleagues were unable to measure 
the systematic phosphorus content 
during day and night. This 
experiment rules out a very likely 
source of phosphorus 
transportation. Shapiro sees it as a 
learning experience. "We're always 
learning from our failures and 
successes, we can learn more from 
the failures." said Shapiro. 
Shapiro believes that teaching is 
more rewarding than research. He 
likes to make students think. "In 
teaching, the audience is right 
there," said Shapiro.""The most 
exciting part is when students go 
out of the class understanding what 
you're talking about." 

Shapiro to 26 
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KELTON BARR 

By Kevin Cummings 

What can you do when you're a 
young person who loves the 
outdoors and camping and the 
whole environment, but you want to 
make a living, too? Kelton Barr has 
found an answer that pleases him, 
and he makes money doing things 
he might otherwise do for fun. But 
his story begins back eighteen years 
ago. 

After graduating from Washburn 
High School in Minneapolis as part 
of the class of '68, Kelton decided to 
enter Carleton College. His interest 
in the environment didn't seem to 
point to any specific career, so he 
took general liberal arts courses. He 
had a high concentration of classes 
in American history, economics, and 
studio arts, but then he took his first 
geology course. It involved field 
trips and nature studies, and 
seemed to be the perfect way to 
spend his life. 

After continuing his program as a 
geology major, he graduated from 
Carleton in 1972. He was still unsure 
of exactly what area to work in, 
since he enjoyed many different 
topics related to geology. He 
considered landscape architecture, 
architecture, planning, and many 
different subcategories of geology, 
like waste management and 
limnology (the study of lakes). To 
put off his decision, he worked full 
time for Barr Engineering, an 
eighty-person company made up of 
engineering consultants and located 
in south Minneapolis. His 
connection to the company was 
more than a coincidence of name: 
his father was president of the 
company. Kelton was no stranger to 
the company, as he had worked 
there for his summer job since high 
school. 

Engineering that year at Barr made 
him realize that he had been 
"pointed toward ground water, 
glacial geology, and limnology for a 
long time. I was surprised that it 
took that long to figure that out." He 
started looking for graduate schools 
that had good geology departments 
and that did lots of work in the areas 
he was interested in. It turned out 
that the University of Minnesota's 
Geology Department fit his desire 
for a master's degree in 
hydrogeology perfectly. 
Unfortuanately, he didn't have 
enough technical courses to be 
properly prepared, and it took four 
years for him to complete his 
master's degree. 

But the four years were worth the 
effort. "The Geology Department 
was very congenial, at least 
compared to some of the other IT 
departments. We had cramped 
quarters in Pillsbury Hall, and the 
close proximity forced us to work 
hard on our relationships." The 
people would carry that intimacy 
outside the U of M when they went 
on expeditions to such "geological" 
finds as Emily's Lebanese 
Delicatessen in St. Anthony. 

One of his favorite classes was 
Glacial Geology, led by Professor 
Herb Wright. On three weekends 
during the quarter, the class would 
go to a different glacial area: the 
first was around the Twin Cities 
area; the second was Duluth, and 
the third was western Minnesota. "I 

"I remember 
camping out, eating 
communal st 
with right's 
home brewed 
yogurt to wash it 
all downm" 

remember camping out, eating 
communal style, with Dr. Wright's 
home brewed yogurt to wash it all 
down." Kelton enjoyed the class and 
Dr. Wright so much that he became 
his teaching assistant and went on 
the trips all over again. 

To keep his sanity while catching up 
on all the technical courses he 
needed, Kelton would sit in on an 
art history class during his lunch 
hour. Taught in the Architecture 
Courtyard, the class convinced him 
that all students, especially those in 
IT, should be offered some general 
information classes like that: not for 
credit, but just to open their eyes to 
other things in the world. 

Kelton also joined a folk dancing 
group at the U. He had begun 
dancing with a folk group at 
Carleton called Tanyetz as he 
continued his interest in geology. A 
friend in the University group knew 
another person who had a piano 
teacher that Kelton "just had to 
meet." Cora Zupancic was a full-

Barr to 26 
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The Duluth campus now has a four year computer 
engineering program .. Department head James 
Tseng explains the profession and the program .. 

By Dr. James Tseng 

1 am often asked, "What is computer 
engineering? What is the difference 
between computer engineering and 
computer science? What is the 
difference between electrical 
engineering and computer 
engineering? Why study computer 
engineering, and not some other 
type of engineering? What computer 
engineering programs are available 
in the U.S.? What does one need to 
know and what does one have to 
learn? What opportunities are there 
after graduation? How much does a 
computer engineer get paid? 

This article attempts to answer these 
and other questions. 

COMPUTER ENGINEERING: A 
DEFINITION AND DISTINCTIONS 

Computer engineering, of course, is 
the engineering branch related to 
computers. This does not say much. 
Let us be more specific. 

Actually it is probably more 
appropriate to call computer 
engineering digital engineering (i.e. 
engineering that deals with the 
theory and design of digital 
subsystems and systems that 
include computers). Computer 
engineering also involves 
interfacing one or more computers 
into another system to perform 
certain tasks. These systems may be 
mechanical, chemical, etc. To be a 
good computer engineer, one must 
put all the hardware together to 
make a computer, but one must also 
learn how to use the computer as 
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Computer Engineering lab 

computer scientists do, writing 
programs that command the 
computer to perform some specific 
work. 

Computer science deals primarily 
with the application of computers, 
so it is frequently tied to a 
mathematics program rather than to 
courses in computer design. 
Biologists use microscopes and 
interpret results, but they do not 
design microscopes. Computer 
scientists write programs to 
accomplish specified objectives. 
These programs are usually referred 
to as computer software, as 
opposed to the actual physical 
hardware devices designed by 

Ill 

I 

computer engineers. Buying a 
microscope and using it will not 
make you a biologist. Buying a 
computer and using it will not 
automatically make you a computer 
scientist either. To be a computer 
scientist, you need to have some 
concentrated studies in computer 
applications. 

Hardware design involves electricity 
and electronics. For that reason, 
computer engineering was first 
related to either electrical 
engineering or electronic 
engineering. But electrical 
engineers and electronic engineers 
are like general practitioners and 
computer engineers are like 



specialists. Before a general 
practitioner can be licensed to 
practice as a specialist, s/he is 
required to pass certain exams. That 
is why computer engineering 
programs also contain many 
courses in electrical engineering 
and electronic engineering. As a 
matter of fact, during the early days, 
computer engineering study was 
only available on the graduate level 
for electrical engineering students. 

COMPUTER ENGINEERING 
PROGRAMS IN THE 
UNITED STATES 

According to the Accreditation 
Board for Engineering and 
Technology, Inc. (ABET), in 1985 
there were 33 universities in the 
United States offering 
undergraduate computer 
engineering or similar programs. 
California and Massachusetts had 
five; Florida, four; Arizona, Illinois, 
Michigan, Ohio, New York and 
Texas, two each; and Colorado, 
Connecticut, Indiana, Iowa, 
Missouri, New Mexico and Oregon, 
one each (1 ). The department which 
I head at the University of 
Minnesota, Duluth (UMD), was 
created in the fall of 1984. That 
quarter we accepted 19 freshmen 
and 24 juniors. Now we have over 
100 students-more than a 150 
percent jump in enrollment. We 
continue to be the only computer 
engineering program in the state of 
Minnesota. We expect to have our 
first graduating class in the fall of 
1986 or shortly thereafter and will 
then seek ABET accreditation2 • 

Areas of study at UMD include 
courses in digital design and 
interfacing, traditional electrical 
engineering, traditional electronic 
engineering, computer science or 
software engineering, math and 
science, and liberal arts. Our 
program is designed to give the 
broadest possible professional 
education, as research shows3 

employers seek engineers with this 
sort of broad engineering 
background to adapt to the 
dynamically changing economic 
environment. 

THE STUDY OF COMPUTER 
ENGINEERING: PREREQUISITES 
AND ATTAINABLE SKILLS 

The basis of engineering is 
mathematics and science. If you 
have always been strong in math 
and science, you are more likely to 
succeed in studying computer 
engineering than those who do 
poorly in math and science. If you 
like to tinker with machines or 
similar objects, that is even better. A 
good engineer will need to express 
him/herself verbally or in writing; 
therefore, the ability to 
communicate is also important. 
Courses in English, technical 
writing, and public speaking are 
valuable for an engineer. An 
engineer who has all the skills and 
techniques but ignores the impact 
of her/his invention or design upon 
society, the environment, the nation, 
and the human race is worse than 
anyone without technical 
knowledge because the engineer 
has the capability to produce more 

...... an engineer needs 
a thoroug liberal 
arts and ethical 
e cation, tooa 
harm than good. Thus, an engineer 
needs a thorough liberal arts and 
ethical education, too. UMD would 
like entering freshmen to have had 
four years of math, four years of 
science, and four years of English. 
UMD also encourages students to 
have two years of a foreign 
language before they apply for 
admission. We also require that 
students take "Values and 
Technology," a course dealing with 
professional ethics. This 
requirement makes our program 
unique and among the most 
thorough in the nation. 

JOB OPPORTUNITIES IN 
COMPUTER ENGINEERING 

Industry. A few years ago a survey 
indicated that for personal 
computers alone there were over 
100 vendors. (This number may 
have doubled recently). Some 
apartments in New York include 

computers as a fixture just like 
refrigerators and stoves. Portables 
PCs are different from regular PCs. 
However, there are 55 firms offering 
75 portable models4

• So, if you 
graduate from a computer 
engineering program, you have 200 
vendors as potential employers. In 
addition, the number of peripheral 
companies involved in the making of 
disc drives, monitors, printers, 
modems, recorders, and other 
related equipment is probably even 
larger. 

Graduate Study. The American 
Electronics Association provides 
some 200 graduate fellowships at 
$15,000 each year for two years, 
renewable for a further two years. 

The Hewlett Packard Company 
offers forgivable and interest free 
loans after three years of post-Ph.D. 
teaching and offers equipment 
grants to the first school that hires 
the new Ph.D. Twenty-five 
universities have been selected for 
Hewlett Packard's Faculty 
Development Loan Program and the 
University of Minnesota is one of 
them. More companies have 
announced various fellowships and 
loan programs5 . 

The Institute of Electrical and 
Electronics Engineers, Inc. (IEEE) 
also offers $3,000 fellowships to 
graduates in engineering. 

Research. The National Science 
Foundation (NSF) and the 
Department of Defense have a five
year, 150-million dollar investment 
in research in the science and 
engineering fields. Various 
companies offer summer placement 
opportunities for engineering 
interns6 . 

A computer engineering student 
also has the following choices upon 
graduation: to work in industry 
using the computer as a stand-alone 
device or as an integral component 
of a digital system, or to work for 
the government or the armed forces. 
The Air Force, Navy, Army, and 
Coast Guard need many computer 
engineers and each has a separate 
telecommunications system just like 
an airline reservation system. Our 
computer engineering program 
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provides two options: one in 
computer and the other in 
telecommunications. The jobs in the 
area of telecommunications literally 
go begging 7

• 

SALARIES FOR 
COMPUTER ENGINEERS 

Finally, the bottom line is how much 
a computer engineer gets paid. 

average annuEal 
salary r computer 
en eering and 
electrical 
engineering 
g es was 
$27~516 

The average annual salary for 
computer engineering and electrical 
engineering graduates was $27,516 
annually in January 1986.8 This 
wage was better than that of an 
aeronautical engineer ($27,312), 
better than that of a mechanical 
engineer ($27,408), better than that 
of a nuclear engineer ($27,036), 
better than that of an industrial 
engineer ($27,036), better than that 
of an engineering technologist 
($26, 148), and better than that of a 
geological engineer ($24, 148)9

• 

Petroleum engineering graduates 
did do slightly better, but had only 
about 5. 7 percent of the total 
number of offers in electrical and 
computer engineering. 10 Similarly, 
chemical engineering graduates 
received $140 per month more than 
computer and electrical engineering 
graduates, but had only 21 percent 
of job offers compared to electrical 
and computer engineering. 

How about some salary comparison 
between scientists and engineers? 
Computer engineering graduates 
averaged 23 percent higher wages 
compared to biological sciences 
graduates ($21 ,204).11 Of all science 
graduates, only computer science 
graduates got close to computer 
engineering graduates with an 
annual average salary of six percent 
less. Computer engineer graduates 
are among the most sought by 
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employers in the engineering and 
science fields-in 1985, roughly 
every third inquiry of some 883 
employers was for a computer 
engineer. 12 When considering your 
earning potential, it is extremely 
important that you also carefully 
weigh your personal interests. While 
it is true that interest in a particular 
discipline may be cultivated, it is 
surely much more personally 
rewarding to earn a living doing 
something you enjoy. 

This is an exciting time in which to 
be studying computer engineering. 
We live in what is being called the 
information era, and it is expected 
to continue for decades to come. 
There are more opportunities than 
ever for engineers. So, choose 
carefully and consider all factors 
when deciding on your life work: 
personal interest, breadth of the 
curriculum, job availability in 
industry and academe, income 
prospects, individual contributions 
to the improvement of the quality of 
life for all. Know that whatever your 
choice, you will be contributing to 
the direction of the future of our 
world. Good luck in your endeavors. A 
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Wonders from 14 

Science fiction presents abstract 
concepts and makes them reality for 
the reader. Typical science fiction is 
written in simple, clean prose 
because it is the wonder or 
amazement of the story that's 
important. "Execution is secondary 
to the wonder aroused by it." 

Since 1970, however, things have 
been changing in this respect with 
the writers possessing classic 
literate capabilities. Many of the 
stories now have quality writing that 
puts them on a level with many 
great fiction novels. 

Age of Wonders also examines why 
science fiction is difficult for some 
people to get excited about. 
Hartwell explains this by saying that 
society has set up barriers to 
experiencing wonders. Science 
fiction acts like a social club. To 
understand the inside joke, you 
need to be initiated. 

Hartwell also discusses how science 
fiction came to be known as science 
fiction. He says it is an oxymoron. 
It's a name misunderstood by 
people outside the field but science 
fiction really is about applied 
science. 

The book's underlying theme is 
"Today's fiction, tomorrow's fact." 
Hartwell does a good job of 
explaining some of the historical 
perspectives of SF and of presenting 
some biographical material on some 
of the best known authors in the 
field. 

This book is recommended reading 
for non-SF people who are curious 
as to why they feel they are missing 
some important piece of information 
regarding SF. For SF omnivores, the 
book won't reveal many important 
new truths. i 

Few things are harder to put up with 
than the annoyance of a good 
example. 
-Mark Twain 



Ag from 17 

equipment for harvesting such 
unconventional crops as wild rice 
and cattails. A goal in tractor 
research is to have complete 
automation. Ag engineers are 
looking at a tractor design that 
would have sensors detect soil 
strength and feed that information 
into a computer, which would in 
turn automatically adjust the balast 
on the tractor to minimize soil 
damage due to soil compaction. In 
addition, when automatic balast 
adjustment is used to balance a 
tractor, fuel is conserved. Another 
vein being studied is the installation 
of computer imaging safety devices 
on farm equipment. These devices 
would use an electronic eye to 
sense when an equipment operator 
is in a dangerous situation. The 
system, which would detect infrared 
light, ultrasonic waves, and 
microwaves, would then relay 
information into a computer, which 
could activate an alarm if an 
animate object is in a dangerous 
area of the machine. If the danger 
persisted, the machine could then 
be shut off. 

Agricultural engineers in Electrical 
Power and Electronics Systems 
ensure that farm technology using 
electrical power is feasible and 
practical for farmers. One area of 
research now conducted at the 
University is in the area of "stray 
voltage," more correctly called 
neutral-to-earth (N-E) voltage. N-E 
voltage is defined as low voltages 
which exist on the ground neutrals 
of a farm electrical system, and may 
be caused by faulty or improper 
wiring or equipment, or the small 
voltages required to more through 

the grounded neutral system. These 
small voltages are an inherent part 
of the grounded neutral system, and 
are therefore the most difficult to 
rectify. The N-E voltage may cause 
current to pass through cows' 
bodies, which is particularly 
detrimental since cows are much 
more sensitive to electric shocks 
than people. Cows can sense 
voltage around the one to two volt 
level, while voltage must be 
approximately five to six volts 
before it can be detected by 
humans. The agricultural engineer 
is faced with the problem of 
discovering the source of the stray 
voltage and determining how to 
remedy the situation. 

Food and Process Engineering is 
concerned with the physical and 
chemical properties of grains and 
other foods, and how to relate that 
information to food storage and 
processing. One interesting area of 
research involves harvesting 
corncobs as well as corn and using 
the cobs as a fuel source in drying 
the corn, without adversely affecting 
the quality. Depending on the 
moisture content of the corn and 
cobs, this project has been shown to 
be essentially self-sufficient. 

Choosing an area of specialization 
within ag engineering not only 
depends upon a student's interest, 
but also where he or she would like 
to work after graduation. For 
example, over half of the 
University's Soil and Water 
graduates are hired by the 
government, and many by 
consulting engineering firms. Ag E's 
with a Structures and Environment 
specialization usually take jobs with 

consulting firms. Most Power and 
Machinery specialists work in 
tractor and implement companies 
and other private firms dealing with 
food and agricultural supplies. 
People in Food Engineering most 
likely will find themselves working 
for food companies such as 
Pillsbury and General Mills, and 
some in agricultural processing 
firms such as Cargill. Of the few 
graduates that have specialized in 
Electrical and Electronic Systems at 
the U, jobs with power companies 
like NSP have been most common. 

People may still harbor images that 
agriculture means a small family 
farm with the kids, the pet collie, 73 
cats running around the barn, and 
not a care about the scientific, 
technological, "real" world. The 
reality is that agriculture, like any 
other industry, is evolving into a 
more computerized, mechanized, 
highly efficient process-and the 
engineer is a vital link in this 
production chain.! 

The lowest temperature ever 
recorded on the earth is -127 
degrees Farenheit at Vostok 
Antarctica. 

Source: World Book Encyclopedia, 
Volume 6, Copyright 1986, World 
Book Inc. 
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The following is a list of the faculty of the Department of Geology and Geophysics and some of their research interests. 

E. Calvin Alexander Jr. 

Subir K. Banerjee 

Roger LeB. Hooke 

Peter J. Hudlestron 

Emi Ito 

Karen L. Kleinspehn 

V. Rama Murthy 

Chistopher Paola 

Hans-Olaf Pfannkuch 

Frederick J. Sawkins 

Frederick R. Sschult 

William E. Seyfried Jr. 

Joseph Shapiro 

George H. Shaw 

Robert E. Sloan 

James H. Stout 

Rare-gas isopropic studies of terrestrial, lunar and meteoritic samples. Origin evolution and 
early history of the earth and atmosphere. Groundwater pollution and envfronmental 
geology. 

Origin and evolution of the earth's magnetic field as recorded in rocks and sediments. 
Magnetic stratigraphy. Alteration of the ocean crust. History of medieval Islamic science. 

Studies of glacier dynamics with emphasis on processes at the glacier-bed interface. Ice 
deformation. Temperature distribution in polar ice sheets. Fieldwork in Arctic Canada and 
Sweden. 

Mechanics and geometry of folds. Experimental modeling. Development of foliation and 
crystallographic fabric. Structures in glacial ice. Regional structural analysis. 

Oxygen, carbon and hydrogen isotropic tracer methods applied to problems of crust-mantle 
cycling and differentiation. Evolution of earth's atmosphere and hydrosphere. Mass transport 
in aquifers. 

Sedimentology, sedimentary petrology, basin analysis, tectonics and sedimentation. 

Origin of continental masses and igneous rocks. The early history of the earth and 
meteorites. Origin and evolution of the earth's core. Lunar studies. Geochemistry of very old 
crustal rocks. 

Sedimentology, bedform dynamics, dynamics of river and lake sediments, sediment 
transport. 

Watershed studies, water resources systems. Flow of fluids in porous media, structure of 
porous media, dispersion in porous systems. Mass transport in aquifers, especially of toxic 
waste. 

Studies of the genesis and occurrence of metallic ore deposits in various parts of the world. 
The application of laboratory techniques to field studies. Fluid inclusion research. 

Plate tectonic reconstructions and seismotectonics. Regional earthquake studies. Collision 
of oceanic plateaus and subduction zones. Plate kinematics and dynamics since the 
Mesezoic. 

Aqueous geochemistry, experimental rock-water interaction studies as related to the origin 
of seafloor heavy-metal deposits and steady-state geochemistry of seawater. 

Biological limnology, pollution limnology, lake restoration. 

Elastic properties and structures at high pressures. High pressure behavior of rocks. 
Minerals and mineral analogues. Planetary core formation. 

Studies of the paleontology, stratigraphy and terrestrial community changes in latest 
Cretaceous and earliest Tertiary rocks of the western United States. 

Phase petrology and mineral chemistry of igneous and metamorphic rocks in Norway, 
Alaska and Hawaii. Theory of multisystem nets and their application to mantle petrology and 
melting. 
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Christian P. Teyssier Tectonics, microtectonics and petrofabrics applied to analysis of rock and lithospheric 
mechanics in mountain-building processes. 

Matt S. Walton Fundamental problems of Minnesota geology, geologic factors related to regional planning 
and natural resources utilization. Dynamic relationships between geologic processes and 
activities of humans. 

Paul W. Weiblen Field and petrologic studies of the Precambrian volcanic and gabbroic rocks of northern 
Minnesota. Archean gneiss of the Minnesota River Valley. Lunar samples and meteorites. 

Herbert E. Wright Jr. Limnology, geomorphology. Glacial geology, paleolimnology, paleoecology and vegetation 
history in the U.S., Canada and highland Peru. 

David A. Yuen Geophysical fluid dynamics. Mantle convection. Influences of mantle viscosity. Magma 
processes. Viscoelasticity. Mathematical geophysics. 

Tibor Zoltai Determination and comparative study of the crystal structure of minerals. Physical properties 
and environmental effects of mineral particles. 

Thermal from 13 

The recovery rates pleased the 
ATES team enough for them to 
believe that a working system is 
feasible. They hope to be able to 
retain about 62% of the energy 
during short-term cycles. 

Tests will continue so that the ATES 
team can be sure that their data was 
not a one-time fluke. The future 
tests will determine how much water 
softening is needed for repeat 
cycles and what effect already warm 
aquifers will have on future energy 
recovery. Although the cost for this 
experiment, $39 million dollars so 
far, has been high and the initial 
cost to set up a system would be 
high, the ATES team thinks long
term use and maintenance would 
carry a quite reasonable price tag. 
In our age of never-certain energy 
prices, the ATES could be a viable 
heating assistant. A 

Portions adapted from a report by Deane 
Morrison of the University News Service. 

The highest temperature ever 
recorded on the earth is 136 degrees 
Farenheit at El Aziziyah Libya. 

Source: World Book Encyclopedia, 
Volume 6, Copyright 1986, World 
Book Inc. 

At Kinko's, we're now offering a complete large 
document copying service. Reductions, 
enlargements, vellum copies and blueprints. For a 
free brochure and coupon, or just a little chat about 
big copies, call 379-3983. 

Kinko's. We've always got your size. 

i 
stadium village 

612 Washington Ave. S.E. 
379-2452 

II 

I 

Please call 379-3983-for free brochure and coupon. 
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Barr from 19 

blooded Slavanian (from 
Yugoslavia) that grew up on the Iron 
Range. The two of them hit it off and 
eventually married. Now they 
have two children: a daughter 
named Anitsa who is 7, and a son 
Alexei who is 6. 

After obtaining his master's degree 
in hydrogeology, he went to work 
for the U.S. Geological Survey. They 
had funded his thesis, and he repaid 
their gift before going into the 
business world and finding a good 
geology company to work for. Just 
as when he searched for a graduate 
school, he found his answers close 
to home; Barr Engineering would 
take him on as a regular engineering 
consultant. He was sensitive to the 
problem of nepotism, but knew that 
Barr Engineering was one of the 
best consulting firms in Minnesota. 
He is pleased with his choice 
because it gives him a wide variety 
of things to work on. He has done 
consulting in blasted landscape, 
contaminated groundwater, 
hydrogeology, limnology, glacial 
geology, Superfund investigation, 
municipal water supply 
examination, mining potential, wet 
basements, and eutrophication. 

c of 
lakes becomes 
politically as well as 
economically 
costly moo 

His recent work in eutrophication 
warrants some explanation. When a 
lake becomes too fertile and high 
levels of nutrients are present, algae 
population explodes. The high 
quantity of algae in the water 
darkens it and makes it less 
appealing to swimmers. Bacteria 
produced by the algae use up much 
of the oxygen in the water, thus 
killing all but the hardiest fish and 
sending fisher-people into a rage. 
The clean up of lakes then become 
politically, as well as economically, 
costly, since local residents want a 
clear lake full of trout and bass 
while ecologists despair at changing 
the natural pattern of the lake. 
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Kelton has done consulting for 
various groups to determine the 
feasibility and danger of cleaning up 
lakes that have become eutrophic. 

Although he spends up to 60 hours 
a week on the job, he still takes time 
to work around the home, 
gardening, woodworking, and 
dabbling in computer programming 
and photography. He is also a 
geology representative to the IT 
Alumni Society, and is active as an 
officer of the Minnesota 
Groundwater Association. He even 
takes time to work with the 
American Water Resources 
Association and the American 
Institute of Professional Geologists. 

He has notic that 
peo e don't have a 
p e to meet others 
a develop 
friE~nellshi 

After being out of school for a few 
years, Kelton has had a chance to 
reflect on some potential 
improvements to the University. He 
noticed that people don't have a 
place to meet others and develop 
friendships. "Coffman Union was 
originally designed for socializing, 
but when there are tens of 
thousands of people on campus, it 
is very impractical." He thinks 
student lounges should be more 
available, perhaps affiliated with 
different departments, to allow 
congregating with peers. "When the 
new Computer Science/Electrical 
Engineering building goes up, there 
is supposed to be a lounge that may 
be a step in the right direction. But 
we still need more places, and space 
is a problem on the campus when it 
is trapped between the river and the 
railroad." 

There is one direction the University 
can go, and Kelton says it should: 
down. "The bedrock under the U is 
perfect for tunneling. There is a 
layer of limestone that makes a 
good roof for tunnels, and beneath 
it is soft sandstone that doesn't 
contain groundwater. Of course, 
there is a danger of that sandstone 
eventually filling with water, but with 

the right precautions the U could 
make a lot of use of the space 
underneath itself." Civil engineering 
and geology professors have been 
working on the idea, and may come 
up with more buildings like the Civil 
and Mineral Engineering building. 
Kelton is pleased to find that he 
didn't have to choose between an 
avocation and a vocation. And he 
says that he is able to work on his 
life goal: to make a positive 
contribution to society by protecting 
and restoring the aquiers that 
supply our nation with clean water, 
one of the most precious resources 
we have. A. 

Shapiro from 18 

Another activity that takes up 
Shapiro's time is the Limnological 
Research Center. As associate 
director, Shapiro spends a great 
deal of time trying to find funding 
for research projects and the 
upgrading of the laboratory facilities 
in Pillsbury Hall. He pointed out that 
the business side of research is 
something the student doesn't have 
to worry about. Shapiro recalls 
walking down the hall, looking in on 
some busy graduate research 
assistants, and worrying about how 
he'd get the funding to relocate a 
door in one of the labs. 

Shapiro is ready to move into 
another area of lake restoration. In 
1972 he asked why a lake in good 
condition, with green algae, would 
shift to an overfertilized lake with 
scummy surface blue-green algae. 
Since none of his fellow 
limnologists have attempted to 
answer the question, Shapiro has 
decided to look for the solution 
himself. Preliminary research has 
shown that the carbon dioxide and 
pH level determine which algae 
dommates. 

Shapiro enjoys his work because of 
its real world implications. Once 
treatment has been implemented, 
the results aren't far away. "It gives 
you the feeling that what you've 
done will have a lasting impression," 
said Shapiro. Since he is innovative 
and easily bored, this self 
proclaimed over-the-hill limnologist 
will be around for a long time. A 



By Lorrie Atchison 

Questions~ 

1. The largest peninsula on Earth has an area of approximately 1,250,000 square miles. Which 
peninsula is this? 

2. The ancient Greeks thought the world to be composed of four elements. Name them. 
3. What is the world's highest extinct volcano? 
4. Early biologists classified Earth's life forms into one of two kingdoms: Plantae or Animalia. Most 

modern biologists now use five kingdoms. What are the three additional kingdoms? 
5. What scientist once remarked that "Maximum disorder was our equilibrium"? 
6. What freshwater lake has the greatest surface area? The greatest volume? 
7. Meteorologically speaking, what is "rainout"? 
8. Scientists are always searching for answers to how our world "works." Two such people were 

J.J. Thompson and his son, G.P. Thompson. J.J. won a Nobel Prize in 1906 and G.P. won one in 
1937. What was the work each won the prize for? 

Answers: 
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Scoring: 
6-8 Bet your midterms went well, too! 
3-5 Keep up the work, it'll pay off. 
0-2 Looks like you're in the post midterm brain overload ... 

Sources: 
Quantum Chemistry, Don McQuarie, University Science Books, copy. 1983, pp. 35-36. 
Guinness Book of World Records, N. McWhirter and R. McWhirter, Sterling Publishing, copy. 

1977, pp. 126-140. 
Understanding Our Atmospheric Environment, Second Ed., M. Nerbinger, et. al., W.H. Freeman 

and Company, copy. 1982, p. 432. 
Biological Science, third edition, William Keeton, W.W. Norton and Company, copy. 1976. p. 13. 
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Science Fiction Contest 
Rules: The contest is open to 811 registered University of Minnesota sudents of 
amateur status (persons neuer hewing published a work of fiction for monetary 
p8yment), eHcept Technolog staff Bnd I.T. BoBrd of Publication members past or 
present. Entries are to be typed, double-spaced, with one inch margins on 8.5 H 11 
paper and be no longer than 3500 words. Each entry must be accompanied by three 
photocopies of the manuscript and must bear an attached couer page with the story 
title, author name, home address, and phone number. DON'T PUT AUTHOR'S NAME 
ANYWHERE ElSE ON THE MANUSCRIPT! f'vlinnesota Technolog retains the first publication 
rights to all winning manuscripts. If you h aue any questions, call 624-981 6. 

IJEROLINE: February 9th, 1987 

1ll Prize: $75.00 
2nd Prize: $50.00 
3rd Prize: $25.00 

Be o part 
of tradition at the Minnesota Technolog .. 



SI p rammability==
at a budget price. 

The TI .. 74 BASICALCTM 
is powerful, flexible, friendly ... and economical. 

The Tl-74 BASICALC 1
" calcu· 

lator g1ves you mllre pw~o:rammahle 
problem·solvmg power than any 
other calculator at a wmparahle 
pnce 

It's huth an aJvanccJ scientific 
calculator-with 70 funCtlllns-anJ 
a BASIC programmable calculator 
-wnh 92 commanJs. 

It's "ust·r·fnenJiy" hecause \"li 

program 1t 1n 'implc, 'tra1ghtf"r· 
warJ BASIC langue1ge (Clnyllne 
with a funJamcntal knowleJge "f 
BASIC can use it). AnJ 1ts 
capac1ty 1s cuns1Jerahle: 8K hytes 
of huilt·Jn RAM, anJ <H1<lther 8K 

available 1n an "Ptlonal carmJge 
A rypewmer·style elastomcric 

"pos1tive·act1on" keyhuarJ helps 
prevent m1sscJ or J"uhle entries 
D1splay shllws 31 large alpha· 
numeric characters (s(r"lls left (>r 
nght w 80) anJ 14 status 
mJicators . ..-_.,._.........,...._ 

All llf this 1n a truly portable 
hattety·powereJ package just 4.2 
x 8.3 x 13 mches. 

Opn, H1al accessoncs mclu.lc a 
24-c, >lumn, hatter)'·< 1perateJ ther· 
m<~l pnnter (PC-324), a Cllnstant 
Men1l>ry1 '( 8K RAM cartriJge that 
rete11ns Jata even when removeJ 
fmm the Tl-74, anJ an Interface 
cable thdt lets \"U use a st<JnJarJ 
auJH> ca"ette rec,>rJer f"r Jata 
stu rage. 

Currently avadahle software 
cartnJges mcluJe: Learn 
Pascal, StatiStiCS, a;;:r
Mathc::n~ 

$111.25 
AVAILABLE AT: 
Minnesota Book Center 

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

Come see us In Room 2, Mechanical En 

Futurist 
Competition 

By Mike Servatius 

Honeywell has announced its fifth 
annual Futurist Awards 
Competition, offering ten winners 
$3,000 each and the chance to work 
for Honeywell next summer. The 
contest is open to all full-time 
students at any accredited college 
in the United States. Students are 
asked to imagine themselves 25 
years in the future and write an 
essay predicting technological 
developments in one of the six 
areas: electronic communications, 
energy, aerospace, computer 
science, manufacturing automation 
or office automation. A second 
essay must be written on the 
societal impact of those predictions. 

Each essay must be 1 ,500 words or 
less. Requests for entry materials 
must be received by December 31, 
1986, and contest rules can be 
obtained by writing: Futurist Rules, 
Honeywell Telemarketing Center, 
Honeywell Plaza MN12-4164, 
Minneapolis, MN 55408, or by 
calling toll free, 1-800-328-5111, ext. 
1581. 
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If you're a science or engineering major, you'll want to be part of today's Air Force. We're developing lasers and 
satellites that make science fiction seem dated. Air Force ROTC is one way to be part of this fast-paced technology. 

Air Force ROTC has 2- through 4-year scholarship programs that can help defray some of the college costs, plus 
you'll receive $100 each academic month for living expenses. 

After graduation, you'll be an Air Force officer, and will JOin those who are leading us into space-age technology. 
Take a close look at Air Force ROTC now. Don't let technology pass you by. Be a part of it. 

Department of Aerospace Stud1es 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 (612) 624-2884 

lEADERSHIP EXCELLENCE STARTS HERE 

Canisters from 12 

The whole project at Nevada is 
divided into separate areas. One 
group may be working on geologic 
considerations while another group 
researches stainless steel, and yet 
another group works on copper. 
The copper canister that is being 
researched is intended to be a 
simple replacement for the stainless 
steel canister, rather than having to 
change the whole system, stainless 
steel is eliminated. Also, the system 
allows for retrievable canisters. 

The research has been in progress 
at the University of Minnesota for 
one and one half years, and as of 
yet, there is no reason to eliminate 
copper. However, there is an 
assessment going on now to check 
data that would disqualify copper. 

Professor Smyrl believes research 
on copper will continue at a modest 
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level at the University and at a low 
level nationally. Within five years it 
will be possible to collect the data to 
make copper a serious primary 
material candidate, but further 
testing under real conditions will be 
required. For the Nevada Tuff Site, it 
will be another ten to fifteen years 
down the road until a license is 
requested so Nevada can accept 
waste for disposal. 

In 1981 there were 174 reactors in 
the U.S. As this number increases, 
the amount of waste for disposal 
also increases. 

According to Dr. Gerberich, "There 
are probably at least five national 
laboratories and three times as 
many private labs." These labs have 
been working on the problem (of 
nuclear waste) for about ten years 
and will work on these problems 
another twenty (years) because they 
are not trivial." He went on to say 

the problem of nuclear waste won't 
go away, and the available sites are 
saturated. Hopefully, with the 
world's attention on nuclear waste 
and with more research on the 
problem, some solutions for nuclear 
waste disposal can be reached.£ 

Mattson, Einar. 1978. Corrosion Resistance of 
Canisters for Final Disposal of Spent 
Nuclear Fuel. Swedish Corrosion Institute, 
pp. 276-8. 

Murray, Raymond L. 1982. Understanding 
Radioactive Waste. Battelle Press: 
Columbus, Ohio, pp. 7-45. 

Roy, Rustum. 1982. Radioactive Waste 
Disposal. Pergamon Press: New York, 
pp. 113. 

Gerberich, Dr. William, Director of Materials 
Science and Engineering, University of 
Minnesota. Interview: Minneapolis, 28 
August 1986. 

Smyrl, Dr. Bill, Professor of Chemical 
Engineering, University of Minnesota. 
Interview: Minneapolis, 11 September 1986. 
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Rochester Community College is offering 
a two year degree in manufacturing technology .. 
The graduates of this program may be working 
for you someday. 

By Mark Werner 

In 1980, IBM saw a need to train 
people for a coming change in 
manufacturing technology, so they 
gave a series of grants to graduate 
schools such as M.I.T., Cal Tech, 
and Wisconsin as well as to 
community colleges to fund 
Manufacturing Technology 
programs. This helped bring the 
number of colleges with programs 
such as these to around torty. One 
of these grants was given to 
Rochester Community College and 
was intended for a program which 
allowed students to receive an 
associate degree and enter the work 
force as a technician or to transfer 
to schools such as University of 
Wisconsin-Stout, or Mankato State 
to put together a bachelor degree in 
Manufacturing Technology. 

The community of Rochester is very 
unique in that it has a high 
concentration of people with 
graduate and post graduate degrees 
because of the Mayo Clinic and 
IBM's Information Systems Division 
plant and lab. This unique 
environment allowed John Ruegg to 
leave IBM for one year to use his 
expertise in setting up the first year 
curriculum of the Manufacturing & 
Robotics Engineering Technology 
Program at Rochester Community 
College. His program has students 
take technical writing, drawing, 
math, manufacturing processes, 
physics, and CAD. The idea of the 
first year program is to give students 
a technician level base. There are 
approximately 35 students in the 
program at R.C.C. and the interest 
seems to be growing. 

One nice feature of the program is a 
required summer internship 
between the freshman and 
sophomore year. In this program, 
students are sent to work in industry 
and then must write a report about 
what they learned. This way they 
can see if they want to continue, or 
transfer to another related program 
(which is still very possible). 

After completing the first year 
program, Mr. Ruegg went back to 
IBM, leaving a void which Ferd 
Anderholm, a retired electrical 
engineer from IBM, stepped in to fill. 
Mr. Anderholm has finished putting 
together the curriculum for the 
second year. The students will be 
taking machine design, engineering 
materials, electronics, automated 
factory, robotics lab, industrial 
economics, and more physics 
and CAD. 

umthe ce to gain 
hands-on 
experience with a 
robot. 

An especially nice perk of this 
program is the chance to gain 
hands-on experience with a robot. 
The robot was purchased with the 
IBM grant money, and was 
manufactured by Rhino Industries. 
It has five degrees of motion which 
make it similar to the human arm 
and hand. It can be controlled by 
computer or by a teaching pendant. 
This particular model has been 
stripped of its outer shell in order to 
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allow students to easily see and 
work on its interior. According to 
Mr. Anderholm, they are trying to 
give the students knowledge of the 
robot in the same vein that race car 
drivers know their cars. They must 
know how to drive it, to maintain it, 
and to diagnose problems. The 
robotics classes refine the 
knowledge the students gain from 
physics, math and computers to 
give them this type of 
understanding. Mr. Anderholm also 
said that right now most robots in 
the United States are used in 
manufacturing automobiles, mainly 
in painting and spot welding. 

Some of the new horizons in the 
robotics field are: giving robots 
artificial sight, and giving them 
artificial sensitivity. If this can be 
attained, a robot will be able to, 
among other things, be sent to a 
coordinate, and told to do an 
operation, such as pick up an item 
from a pile. While this may sound 
easy, it requires depth perception, 
pattern recognition, sensitivity of 
touch, and many other operations 
we take for granted. 

Several other countries are well on 
their way toward attaining these 
features. Anderholm and IBM hope 
to get the U.S. going by training 
young people to meet the demand 
for new methods of manufacturing 
technology. Currently there is a 
high demand for such people. 
Anderholm sees it leveling off soon, 
but as long as industries keep 
updating their equipment and 
finding new applications, these 
people will provide industry with 
valuable expertise.A 

The other planets may not be able 
to support life, but it isn't easy on 
this one, either. 
-Anonymous 
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last year's increase (6.4%), or the 
Consumer Price Index which 
increased by 3.9%. 

By Branch of Engineering 
Petroleum and Mining 
Nuclear 
Metallurgical and Material 
Safety 

Here are a few of the findings 
reported by the survey: 
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By Job Function 
Executive/ Administrative 
Research and Development 
Teaching and Training 
Design 

$52,850 
50,000 
49,350 
40,965 

$56,800 
47,200 
46,726 
40,800 

The weight of the earth is 6.6 x 1021 

metric tons. 

The earth rotates once every 23 
hours, 56 minutes and 4.09 seconds. 

The age of the earth is four and one
half billion years. 

Source: World Book Encyclopedia, 
Volume 6, Copyright 1986, World 
Book Inc. 
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At today's GE, young engineers like 
Mark Simmons are pushing micro
electronics to the limit, and beyond. 
In design applications that take them 
from the ocean floor to the auto
mated factory to the ultimate frontier 
-outer space. 

And with each design breakthrough, 
an amazing revolution takes place. 
Because as each new GE chip 
design multiplies microprocessor 
capacity, so grows our capacity to 

design more powerful, more 
accommodating chips. The possi
bilities are endless. 

Consider some recent GE develop
ments. Our custom-designed 
Graphics Array Processor converts 
massive amounts of information into 
simulcited 3-0 images. With far less 
time and expense than conventional 
computers require. Ideal for CADI 
CAM systems. For flight simulation. 
For electronic training manuals that 
let trainees see over, around, and 
even through solid parts! 

Or consider GE's Advanced Very 
Large Scale Integrated Circuits. With 
feature sizes a hundred times smaller 
than a human hair. 

What's our "electronic blueprint" for 
the future? Solar energy chips that 

General Electric is an equal opportunity employer. 

power their own intelligence and 
pave the way for deep space explora
tion. Fifth generation computers that 
build on the astonishing speed and 
capacity of chips taking shape today 
Plus startling ideas still in the minds 
of our engineers. 

If you're drawn to the challenges of 
microelectronic design, you should 
have designs on us. At GE locations 
throughout the USA, we design, 
manufacture, use and explore 
breakthrough applications in micro
electronics. 

Come contemplate the infinite 
universe. Flex your gray matter with 
the great minds at GE. 

If you can -eam it 
u can it 

ifJt A registered trademark of General Electric Company. 
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As technology advances, those committed to their future will succeed. 
These are people who view obstacles as challenges. To them, inno
vation is the master key that releases new ideas and methods. From 
themselves they demand only the best. And they hold the brightest 
futures. 

At NCR Comten, we seek out these people. People who will keep us 
going strong. \X' e 're one of the leading designers, manuf~tcturers and 
distributors of data communication processing systems. To successfully 
spread information world\\•ide, our products have to be the best. Our 
top-notch employees make them that way. 

If you are a University of Minnesota computer science or electri
cal engineering major and you won't settle for less than the best, we 
may be able to help you. You can be at the front of our high tech push 
for excellence. '{ou can work hands-on with some of the most soph
isticated data communications processing systems available. You can 
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campus intcrviL'wing or send your resume to the address below. 
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Twenty five years ago this year, a 
great pioneer of science left us. Niels 
Bohr died in Copenhagen, Denmark 
in 1962. He made many advance
ments in the field of atomic and 
nuclear physics and he received the 
Nobel Prize for physics at the age of 
37, but he also was a man of deep, 
careful thought. 

Niels Henrik David Bohr was born in 
Copenhagen, Denmark on October 7, 
1885. He was the second of three 
children. His father, Christian Bohr, 
was a distinguished professor of 
physiology at the University of 
Copenhagen: his mother, Ellen Adler, 
came from a prominent Jewish family 
of bankers, politicians and educators. 

Niels was fortunate to have learned 
parents because they provided him 
with a good liberal arts background. 
They allowed him to listen to his 
father's philosophical discussions 
with many scholars, including the 
philosopher Harald Hoffding. They 
sent Niels first to the University of 
Copenhagen and then to Cambridge 
to study under J. J. Thomson. 

Upon completing his education, Niels 
went to Manchester, England to work 
for Ernest Rutherford. In 1912, he was 
appointed assistant at the University 
of Copenhagen, but a few years later, 
he returned to Manchester to work 
once again for Rutherford. As he grew 
to be an established scientist, Danish 
officials became impressed with his 
contributions to science in England, 
so, in order to have him back home 
advancing science in his native 
country, they appointed him head of 
their Institute for Theoretical Physics. 
By this time, Niels had gained respect 
from his peers as an excellent 
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scientist with an extremely high level 
of concentration. 

Niels was always concerned with 
improving the human condition 
through science. One way he felt he 
could help improve both science and 
humanity was to push for the free 
exchange of ideas and the common 
discussion of results and 
interpretations of experimental data. 
This did not sit well with government 
officials at the time he was formulating 
this philosophy because it was during 
World War II and Denmark was 
occupied by the Nazis: his outspoken 
call for openness made them 
suspicious. He began to fear for his 

...... his outspoken call 
for openness made 
them suspicious& 
safety because of his government's 
impatience and because he was part 
Jewish. Soon, he and his family fled to 
Sweden on a fishing boat in the dead 
of night, and then flew first to England 
and finally on to the U.S. 

He ended up in Los Alamos, New 
Mexico where he advised scientists 
on the physics of nuclear energy. His 
work with the project inspired him to, 
for the rest of his life, inform scientists 
and statesmen of the implications of 
such a vast energy source. He argued 
that the existence of a weapon, 
equally threatening to all nations, 
offered a unique opportunity for 
reaching a universal agreement to 
never use it. He felt that if there was 
universal knowledge of nuclear 
energy uses, it could set up a 
foundation for lasting peace. He 

voiced his opinion to Roosevelt and 
Churchill, but they rejected his ideas. 
He tried once more in 1950 when, in 
an open letter to the United Nations, 
he plead for an open world as a 
precondition of peace. Even though 
neither plea was acted upon, Niels 
continued to discuss his philosophy 
for the rest of his life. 

Niels Bohr was a great man of 
science and of society. We can all 
learn a lesson from the life of this 
man. He realized that technology can 
advance much faster, and benefit 
humanity faster, if we share 
knowledge among ourselves and 
work as a team rather than secretly 
working to outdo the person in the lab 
next door. Most importantly, he 
realized that it was alright for him as a 
scientist to express his opinions about 
how the technology he helped to 
develop, should be used. 

Sources: 

Mark Werner 
Editor 

Dictionary of Scientific Biography, American 
Council of Learned Societies, Vol. II, pp. 293-54, 
1970. 
Encyclopedia Americana, Grolier Inc., 1984, Vol. 
IV, pp. 144-5. 
The New Encyclopedia Britanica, Encyclopedia 
Britanica Inc., Vol. XV, pp.158-9. 
The World Book Encyclopedia, Field Enterprises 
Educational Corp., Vol. II, p. 347, 1971. 
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Tom Saefke-IMA: Cooperating To 
Get Things Done 

Tom is a senior in technical 
communication. His immediate plan 
for after graduation is to write for a 
company in a technical field and then 
move into graphics or seminar work. 
Along with his interest in writing, 
Tom's experience as an electronic 
technician led him to the technical 
communication field. In his spare time, 
he likes to play the guitar, participate 
in religious activities and do some 
reading. "Fantasia" is one of Tom's 
favorite movies. 

David Kortenkamp-The MINT: 
Where Magnetics Research Is Alive 
and Well 

David is a senior in Computer Science 
and is planning on graduate school 
after receiving his bachelor's degree. 
He works at the Public Affairs 
graduate library and is a competitive 
distance runner. David has even 
participated in triathalons. He spent a 
very interesting year last year 
studying at the University of 
Marseilles in France. One of David's 
favorite movies is "The Breakfast 
Club" and he is looking forward to 
writing for the Technolog in the future. 
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Brei Beucler-Supercomputer 
Institute Research: Astrophysics 

Bret is a senior in Aerospace 
Engineering and is the Circulation 
Manager for the Technolog. After 
graduation this winter, he plans to get 
a job in his field, hopefully out of state. 
Before that though, Bret will be taking 
a trip to northern Africa. The movie 
that Bret has most recently enjoyed is 
"The Mission," although his favorites 
are "Repo Man" and "Big Trouble in 
Little China." 

Marty Koishoi-Physics: Describing 
the Natural World 

Marty is a junior in Philosophy and his 
aspirations for after graduation are for 
either graduate school or the School 
of Journalism. He changed from a 
technical major to Philosophy 
because of his interest in asking the 
question "why?" about things and 
discovering more about the reasons 
and sources behind the questions. On 
the lighter side, Marty enjoys playing 
the piano, going golfing and playing 
basketball. "Catch-22" is one of his 
favorite movies. 

Kevin Cummings-Searching the 
Night With More Might 

Kevin is a junior in Technical 
Communication emphasizing in 
aerospace. His career goal is to be a 
communication specialist for NASA, 
possibly involving writing technical 
magazine articles. Kevin is very 
actively involved in the University 
Scholars group and has helped plan 
many successful events. Outside of 
University activities, he is a student 
pilot and likes to play volleyball. Kevin 
hopes to continue writing for the 
Technolog and has chosen "201 0" as 
one of his favorite movies. 

David Aurzada-Dynamical Systems: 
The Joy of Sets 

David is a senior in Electrical 
Engineering and Math. He enjoys 
many activities including bicycling, 
scuba diving, sailing and racquetball. 
Jazz and blues music appeal to him 
also. David is a James Dean and 
Humphrey Bogart fan; one of his 
favorite movies is "Casablanca." "The 
Color of Money" is the movie that he 
has most recently seen. 



by Mike Servatius 

High Speed 
Computing 
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AT&T will be developing prototypes of 
a computer that will be superior to 
today's best computers in speech and 
image recognition and complex 
pattern matching. The Defense 
Advanced Research Projects Agency 
(DARPA) awarded AT&T with the 
contract to develop these machines 
for about $7.7 million over a three 
year period. The AT&T mach•nes will 
be parallel processing computers, 
which harness several small 
computers to divide a problem and 
execute many operations in parallel 
rather than one at a time. 

AT&T's subcontractor on the project 
will be Fifth Generation Computer 
Corporation of New York City. Fifth 
Generation's Salvatore Stolfo has 
conceived a parallel-processor 
architecture, called Dado, which 
AT&T will extend to speech and 
image recognition and sophisticated 
signal processing tasks. 

The work will be taking place at AT&T 
Bell Laboratories: scientists there 
expect to have the first working 
prototype ready by next spring. 

Human Power 
Achieving maximum power from 
human effort is often the goal of 
people such as athletes and physical 
therapists. This quest for optimum 
human power can now receive the aid 
of a new mechanical simulator. In the 
April issue of SOMA: Engineering for 
the Human Body, a new quarterly 
publication of the American Society of 
Mechanical Engineers, researchers 
have reported the development of 
simulator for the study of human 
motion and power generation. 

According to the researchers, Craig J. 
Cornelius, Boeing Aircraft Co. and Dr. 
Ali A. Seireg, professor, mechanical 
engineering, University of Wisconsin, 
Madison, the simulator can produce 
12,000 motion patters, adjust for 
various body postures and monitor 
such data as the operator's steady
state heart rate, oxygen consumption, 
forces developed at the rider's foot 
and pedal speed. The simulator is 
very flexible, allowing for motions and 
velocities from any type of activity. 
The end result is a quantitative 
measure of the effectiveness of a 
motion trajectory. 

Illustration by Bill Swanson 

Optical Fiber 
Transmission 
Researchers at AT&T Bell 
Laboratories have transmitted a 
communications satellite's full 
microwave bandwidth through optical 
fiber for a long distance without 
reamplification. Demonstrating the 
first system to do so, researchers sent 
the 500 megahertz bandwidth of a 
standard satellite C-band 
transmission through more than 20 
kilometers of fiber with only minimal 
signal degradation. With continued 
research and development, this 
achievement could provide many 
convenient and economic benefits to 
the field of satellite communications. 

According to John Bowers, a member 
of the technical staff and principle 
researcher on the project, "It gives 
satellite users freedom to build earth 
stations in the most convenient or 
cost-effective location." 

An experimental 1.3 micron high
speed constricted-mesa laser devised 
by Bowers and an avalanche 
photodiode detector, also created at 
Bell Laboratories, were used in this 
system which is currently being 
installed in Bell Laboratories' Holmdel, 
New Jersey facility. 

Energy Storage 
Superconducting Magnetic Energy 
Storage (SMES) may solve the power 
storage problems of electrical utilities. 
Researchers at Bechtel National, Inc., 
Energy Systems Division, San 
Francisco, describe SMES as a 
method to store excess power 
generated during non-peak load 
times. 

At the Joint Power Generation 
Conference, October 19-23, in 
Portland, Oregon (sponsored by the 
American Society of Mechanical 
Engineers and the Institute of 
Electrical and Electronic Engineers), 
Bechtel researchers Dr. Robert J. 
Loyd, P.E. and Dr. Susan Schoenung 
announced that the system is "close 
to being ready for demonstration on a 
small scale." 

In SMES, electrical energy is stored in 
the form of a magnetic field supported 
by current flowing in a 
superconducting coil. The coil is 
cooled by liquid helium, allowing for 
the superconducting, which offers 
almost no electrical resistance and 
very low energy loss. The efficiency of 
this system is estimated at about 95%, 
compared to the 72% efficiency 
available through pumped 
hydroelectric storage. 

log ledger to 28 
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The new Cray 2 is being used to simulate 
astrophysical enomenon .. It allows scientists to 
view in a few seconds what nature takes millions of 
years to produce. 

by Bret Beucler 

Figure 1: The simulation uses a small, 
thin portion of the star's surface. 

/ 

r~ 
( STAR ) 

~ 
The University has always been on 
the leading edge of supercomputing 
technology due to neighbors like 
supercomputer manufacturers: 
Control Data Corporation, Gray 
Research and ETA Systems. The 
Minnesota Supercomputer Center 
operates an impressive collection of 
computers, including two of the 
world's most powerful: the CYBER 
205 and the Gray 2. Such computing 
power attracts many researchers and 
projects, some of which are from the 
University's School of Physics and 
Astronomy. 

Dr. Paul Woodward, a University of 
Minnesota astronomy professor and 
Fellow of the Supercomputer Institute, 
and his team of astronomers are 
using the Cr:ay 2 to simulate a variety 
of astrophysical situations. Dr. 
Woodward uses supercomputers to 
simulate astrophysical phenomena to 
assist the study of real systems. His 
projects include models of convective 
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SPACE 

heat transfer in stars, galactic 
structure and evolution, jets from 
galactic nuclei and star formation. 

Dr. Woodward has three associates: 
Dr. David Porter, a graduate of the 
University of California at Berkley and 
presently a post-Doctoral fellow; Dr. 
Marc Ondrechen, a recent University 
of Minnesota graduate and also a 
post-Doctoral fellow; and Jeff Pedelty, 
a graduate student from the University 
of Minnesota. 

Dr. Porter is working on a two
dimensional (2D) simulation of 
compressible convection in stars. He 
is interested in how the energy of a 
star is brought to its surface to be 
radiated into space. The model 
represents a small, thin portion of a 
star's surface (see figure 1) which, 
because of the large radius of the star, 
resembles a rectangular section
recall that this is a 2D model, thus the 
star is represented as a disk, not a 
sphere. In order to maximize the use 
of the computer monitor, the rectangle 
is curved into a ring shape (see figure 
2) so that the outside of the ring is the 
outside of the star. 

Cold zones puncture through the 
thermal layer from the outside and get 

trapped inside, where they seek out 
other cold vortices and grow in size 
(see figure 3). This is similar to the 
formation of raindrops. The simulation 
uses colors to represent relative 
temperature changes which increase 
as the colors change from light to 
dark. 

Liquid transfers the energy from the 
center to the surface by convective 
processes across the thermal 
insulating region. The fluid dynamics 
is simulated by the Piecewise 
Parabolic Method (PPM), developed 
over the past fifteen years by Dr. 
Woodward with collaborators at the 
Lawarence Livermore Laboratory. 

SPACE 
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Figure 2: The model is put into a ring 
shape to maximize the use of the 
computer monitor. 
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Figure 3 

The results from the 2D simulation 
show there is asymmetry between the 
hot and cold zones within a star. By 
the end of the simulation, the cold 
zones have cascaded from small to 
large sizes. In three dimensions, the 
opposite would occur-large zones of 
cold would be expected to break up 
into smaller vortices. A 3D simulation, 
which is being developed, requires 
about one hundred times the memory, 
Y2 Gigabyte (Giga=1 09) of core 
memory, of the 2D simulation 
employing the Gray 2 to its limits. 

Dr. Marc Ondrechen's goal is to take 
theories and represent them 
graphically by using supercomputer 
simulations and then comparing the 
models with observations of 
astronomers. One of his simulations 
shows the interaction between two 
streams of particles, employing a 2D 
model using velocity and position as 
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the dimensions. The model has two 
streams of particles of equal mass 
travelling in the same path, but in 
opposite directions-one stream with 
a positive velocity and the other 
stream a negative velocity. This is 
represented on the computer by a 2D 
plot with the x-axis representing 
position and they-axis representing 
velocity. The plot of the initial 
conditions (see figure 4) looks like two 
thick parallel lines of the same total 
gas mass (light colors show the 
greatest densitites and dark colors 
show miniscule densities) passing 
each other, but their centers of mass 
are slightly off center. This model will 
assist researchers with the analysis of 
galaxies. Because galaxies are 
composed of billions of stars, the stars 
are assumed to be fluid, not points of 
gas, and this assumption proves to be 
good at a galactic scale. 

Just after the start of the simulation, 
the masses approach each other and 
oscillate about their common center 
of mass, which looks like a vortex on 
the screen (see figure 5). Black lines 
appear as the simulation progresses 
representing either negligably small 
or "negative densities," but they are 
ignored because they are a side effect 
of the programming. The large orbit 
paths contain ·low densities and have 
a wispy shape, whereas the smaller 
inner orbits are characterized by 
blobs of higher densities. 

Future work in this area is targeted at 
creating a four-dimensional model: 
two dimensions in position and two in 
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Figure 4: The initial condition is two particle streams of equal mass moving with 
opposite velocities. Their respective centers of mass are slightly off center from 
the center of mass of the entire system. 
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Figure 5 

velocity. There will have to be a 
compromise in displaying the 
data-only three dimensions, two 
independent and one dependent, can 
be shown at once on the computer 
monitor. Dr. Ondrechen says, 
however, that it isn't necessary to 
view all four dimensions at once to be 
able to draw conclusions from the 
simulation, which would be able to 
show the dynamics of a galaxy in 
hours what would take nature millions 
of years to show. 

Observational Radio Astronomer Jeff 
Pedelty, who hopes to finish his 
doctoral studies this summer, is 
currently working on a project using 
the Very Large Array system in New 
Mexico, and he has also worked with 
the jet flow simulation of two 
interacting fluids. 

His jet flow model starts with two 
fluids moving in relative motion. The 
upper fluid is low density and is 
moving at Mach 6, while the lower 
fluid is a higher density and is at rest. 
The goal of the simulation is to 
determine: how much of the denser, 
motionless fluid is sucked into the fast 
moving, less dense fluid; how easy 
this occurs; and under what condition 
this occurs. This is similar to a Radio 
Galaxy where jets near a gas sweep 
the gas along. 

The simulation starts with the two 
fluids at a non-mixing steady-state, 
i.e. the fluids were not noticeably 
interacting with each other. 
Introducing a sinusoidal disturbance 
causes an unstable situation and the 
fluids begin to mix. Many things 
appear in the model's resulting 
pictures, such as shock waves, but 
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The Center for Magnetics and Information is one of 
four nationally designated centers for magnetics 
research a 

by David Kortenkamp 

They let you take money out of the 
automatic teller machine, listen to the 
Talking Heads on your Walkman, save 
your English paper on a floppy disk or 
watch Rambo on a VCR. What are 
these basic components that support 
our high-tech society? 
Semiconductors? Micro-electronics? 
No, magnets. 

That's right, those U-shaped things 
you played with as a kid. I know what 
you're thinking, magnetics is a dead 
field. You learned all about it in grade 
school, there's a north pole, a south 
pole and they attract or repel and 
don't do a whole lot more. What if I 
said that one of the most active labs in 
the Electrical Engineering Department 
was devoted to magnetics, and it's 
one of only four nationally designated 
centers for magnetics? Or, if I said 
that magnetic recording technology is 
nationally a $20 billion a year industry 
(more than the semiconductor 
memory industry) with nearly $4 
billion of that in the Twin Cities? Does 
that rouse your interest? 

Wander around the third floor of the 
Electrical Engineering building and 
you're likely to encounter people who 
see magnetics as more than just 
child's play. One of these people is 
Professor Jack Judy, director of the 
Center for Magnetics and Information 
Technologies (the MINT). To Judy, 
magnetics is not a dead field, just 
misunderstood. Misunderstood by 
students, fellow professors and 
administrators. Everybody 
misunderstands magnets except 
industries who are always searching 
for students with knowledge of 
magnetics. Presently, the computer 
industry pays salaries of nearly 
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$45,000 for graduating Ph.D's in this 
'dead' field. 

Professor Judy works closely with 
Professor Jack Sivertsen of the 
Materials Science department at the 
University of Minnesota. They 
compliment each other perfectly. Prof. 
Judy applies his engineering 
knowledge to finding and applying 
new magnetic devices and studying 
fundamental processes; while 
Professor Sivertsen directs his effort 
toward the physics of materials 
research. The two of them keep an 
eye on about fifteen graduate students 
working in information technology, the 
study of how to store and retrieve 
data. The researchers shy away from 
the term "magnetic recording" 
because it reminds most people of 
reel-to-reel recorders and antique 
high-speed disc drives. 

The MINT lab 

Magnetic recording was first unveiled 
at the 1900 Paris exposition by 
Valdemar Poulsen, a Danish inventor. 
The basic structures and underlying 
principles haven't changed much 
since then. Two elements are 
essential to magnetic recording, a 
head or sensor, which reads and 
writes the data, and a magnetic 
material, or medium which stores the 
data. 

The head in a modern disc drive is a 
ring-shaped core of magnetic 
material, wound by wire, with a slot 
cut in it. The head produces a 
magnetic field which spills out from 
the slot, magnetizing a region of the 
medium underneath the head. The 
direction of this magnetization is 
controlled by reversing the magnetic 
field of the head. This combination of 
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opposing magnetic fields represents a 
pattern of bits (1 's and O's) which 
corresponds to the binary 
representation of the data being 
stored. The head can also read this 
data thanks to the principle of 
induction explained by Michael 
Faraday in 1831. According to 
Faraday, a voltage will be induced 
when a magnetic flux changes with 
respect to time. So when the head 
moves from a region magnetized in 
one direction to a region magnetized 
in a different direction, a voltage is 
induced. This voltage is transmitted by 
the head to the computer and 
interpreted as a change in the bit 
pattern. 

The magnetic material is the medium 
which stores these magnetic fields. 
Currently, this medium consists of a 
particulate material. You can think of 
this as tiny bar magnets, usually iron 
oxide particles, suspended in a 
neutral material called a slurry. These 
tiny bar magnets are aligned in 
production: the head then reverses 
the north and south poles of these 
particles in a small region to create a 
forced magnetic field. This region 
remains magnetized after the head 
leaves. 

This relationship between the head 
and the medium exists whether we 
are talking about tape recorder, credit 
card or computer disc drive. But the 

latter pose special problems. It 
demands a high rate of speed, and 
requires an extremely low failure rate. 

This is comparable 
in magnitu to a 
747 flying one 
hundred feet off the 
ground .. 

The mechanics of a modern disc drive 
are mind-boggling. A rigid disc spins 
at 3600 revolutions per minute, which 
translates to approximately 100 mph. 
The head is aerodynamically shaped 
to take advantage of this spinning, 
and literally flies above the disc, 
employing the same principles used 
in aircraft, at a height of only a few 
millionths of an inch. This is 
comparable in magnitude to a 747 
flying one hundred feet off the ground. 
The reason for this small height is that 
the 'further the head is away from the 
disc, the more spread out the 
magnetic field becomes, lowering the 
storage density capability (bits per 
inch) of the device. 

Packing more bits per inch is one of 
the main research goals in the field of 
recording technology and at the 
MINT. Work towards this goal 

courtesy of IBM 
illustration of a head flying over a hardfile disk. 

requires looking at magnetics from a 
different point of view. Researchers at 
the MINT are still trying to understand 
how magnetism functions at an 
atomic level. This work has given rise 
to a new field combining quantum 
theory with classic magnetism. This 
new field is called micromagnetics, 
and was developed by the former 
University of Minnesota physics 
professor William Fuller Brown, Jr. 
Professor Sivertsen hopes that 
progress in this field will help to solve 
a major stumbling block in recording 
technology-finding a way to isolate 
magnetic moments from one another. 
By their nature, magnetic moments 
have a nasty habit of disturbing their 
neighbors through the fields they 
produce. Currently, a transitional 
region is needed between two 
magnetic moments of opposite 
magnetization, so one moment 
doesn't try to align itself with its 
neighbor. This transitional region 
places an inherent limit on the storage 
density of a medium. 

Another inherent limit to storage 
density in particulate media is that the 
magnetized regions are usually 
greater than the size of individual 
particles. This problem has led the 
MINT to investigate a new type of 
magnetic material, a thin film material. 
Try to imagine a magnet stretched out 
to form a thin sheet, approximately 
1000 Angstroms thick, of entirely 
magnetic material. Theoretically, one 
should be able to store more data, 
because the region of magnetization 
is no longer limited by the size of the 
particle as it was in the particulate 
medium. Since magnetic materials 
can't be rolled out this thin, these 
material are made at the MINT using a 
process called sputtering, which 
literally builds the film atom by atom. 

There exists another attempt to 
improve storage density which could 
ultimately prove very lucrative and 
revolutionize magnetic recording: that 
is the new technology of 
perpendicular recording. In modern 
discs, the magnetized regions are 
recorded longitudinally or along the 
plane of the disc. Perpendicular 
recording, as its name suggests, 
places these regions with their 
moments perpendicular to the disc, so 
the resultant magnetization points up 
and down instead of sideways. The 
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increase in storage capacity could be 
enormous. Try to imagine the 
difference between laying a deck of 
playing cards out end to end, or 
stacking them on their edges one next 
to the other. Much work remains to be 
done, though, before these 
techniques are ready for everyday 
use. 

In addition to basic research in 
micromagnetism, thin films and 
perpendicular recording, the MINT is 
a leading facility in the nation studying 
a virtually ignored area-the wear of a 
disc. While a disc will remain 
magnetized for centuries, effects such 
as heat and humidity can damage it. 
Thermal stresses can affect a disc 
because of the expansion and 
contraction of the magnetic material 
and the non-magnetic material to 
which it is bonded, a substrate. 
Thermal stress can also cause density 
changes. Research into the effects of 
humidity concentrates on ways to 
prevent the material from corroding. 
Naturally, a solution to one problem 
may not necessarily withstand the 
effects of other elements. 

On top of these natural effects is 
damage caused by the device itself. 
The head in a floppy disc system does 
not fly above the medium as in a rigid 
disc system; it actually scrapes the 
material while reading or writing. 
Professor Sivertsen and his students 
are investigating a process which 
coats a disc with thin film carbon in a 
diamond-like form to reduce the wear 
caused by this scraping. 

They are looking for 
ways to decrease the 
time it takes to store 
and retrieve 
information .. 

Other researchers at the MINT are 
concerned with a problem just as 
important as increasing storage 
density or reducing the wear of a disc. 
They are looking for ways to decrease 
the time it takes to store and retrieve 
information. Increasing storage speed 
is difficult because magnetism is not a 
linear process. This means that when 
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A hardfile disk drive 

a magnetic field is applied to a 
material, the material is magnetized 
but when the field is turned off, the 
material does not return to its original 
state, it remains magnetized. This is 
why magnetic recording works so 
well, but it also limits the speed with 
which a head may be turned on and 
off. Switching the head on or off too 
fast ceases to reverse the magnetic 
field of the head, effectively limiting 
the storage speed of conventional 
systems. 

As if all this wasn't enough, the 
researchers at the MINT have begun 
looking at the next generation in 
information storage, optical storage 
devices. Compact discs are one 
example of these devices, which can 
store enormous amounts of 
information. Currently, no practical 
way has been found to erase or write 
on optical storage devices. But a step 
in that direction may be magneto
optics, where a laser is used to read 
from and write on magnetic materials. 

Although research is a primary 
objective of the MINT, graduate 
education is also important. One 
common complaint from employers is 
that graduates in electrical 
engineering lack an understanding of 
magnetics. The MINT stresses an 
interdisciplenary approach. Students 
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and professors from varied fields such 
as electrical engineering, mechanical 
engineering, physics, materials 
science, metallurgy, geology, math 
and computer science work together 
to develop the technologies. 

The MINT also tries to help in the 
exchange of knowledge through 
workshops, seminars and visiting 
scholars. Both Professors Judy and 
Sivertson see a growing competition 
from the Japanese and feel that the 
only way to remain competitive is to 
share research among companies 
and universities. They feel that if the 
race to develop new magnetics 
technology is lost, the computer 
industry may follow since computers 
rely on magnetics as their permanent 
memory. In fact, roughly 40% of the 
cost of a new computer is for the 
magnetic storage. Also, whole new 
industries may grow out of, and old 
industries die as a result of new 
developments in recording 
technology. Japan recently developed 
a camera which takes pictures by 
storing the image on a tiny disc, rather 
than using film. Kodak, in response, 
has just started research in this area. 

The field of magnetic recording is 
expected to expand faster than the 
semiconductor industry, bringing with 
it new products which make life much 



more convenient for everyone. This is 
not a dead field, just a bit 
misunderstood by those of us who still 
think of magnets as just toys we 
played with as kids: clearly, magnets 
are also the toys of adults. A 

Source: 

White, Robert M. "Disk-Storage Technology," 
Scientific American, August 1980 vol. 243 no. 2 
pp. 138-148 
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with this simulation, the only result 
analyzed is the interaction between 
the two fluids at their contact region 
(see figure 6). Thin wispy lines of the 
denser, motionless fluid are seen to 
enter the less dense, fast moving, 
fluid. One possible application of this 
to everyday life would be fuel 
injectors. 

Another similar simulation disturbs the 
fluids with a more gentle wave. This 
produces a different result: blobs of 
the upper, less dense fluid were seen 
to be entering the lower domain like 
vortice beads. This leads the 
researchers to wonder if it is a 
general phenomenon. 

These and other simulations require 
care when analyzing the results 
because the initial conditions and 
disturbances are often set by 
researcher and may not coincide with 
nature. For example, as time 
progresses, certain situations like 
small disturbances that seem 
insignificant in the beginning can be 
exaggerated later. 

How do the researchers know that 
their simulation program doesn't have 
a subtle programming error and is 
producing incorrect results? They 
don't know for sure, but what they can 
do, in some cases, is to compare their 
results with observed data or another 
researcher's model results. Many 
errors are located by using common 
sense and comparing the results with 
what seems reasonable. 

All of the previously mentioned 
simulations were conducted using the 
Cray 2, but the data is currently 
displayed using a Silicon Graphic Inc. 
IRIS 2400 Turbo system. The 
computer program is written on the 
IRIS and then sent to the Cray 2 for 
computation. The Cray 2 then creates 
many picture files, or "snap-shots" of 
the motion, which are transferred to 
the IRIS for observation and analysis. 
These picture files (one picture per 
file) sometimes get as large as one 
megabyte (mega=1 06) in size, which 
is roughly equivalent to 250 single
spaced pages of text 

The programs are written in 
FORTRAN by the people who use 
them. FORTRAN, designed as a large 
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scale number cruncher, still provides 
the best methods for manipulating 
vectors, arrays, and math and 
scientific functions. However, the 
operating system and the program 
used to display the picture files is 
written in C. 

The cost? If a business wanted to 
exclusively run a program on the Cray 
2 (i.e. not timeshare with other 
companies), it would cost 
approximately $4,000 per hour. You 
would not want to use this computer 
for a game of Space Invaders (albeit a 
goooood version.) The Compressible 
Convection Simulation used about 
thirteen hours of Cray 2 time and the 
Jet Flow Simulation used roughly 
three hours. Researchers these days 
get a lot of computer time, much more 
than even a few years ago. Although it 
is expensive, the supercomputers 
greatly assist researchers in 
understanding the complex problems 
of the universe by enabling them to 

. simulate phenomenon otherwise 
directly unobservable. A 
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Laws of nature are human inventions, like ghosts. 
Laws of logic, of mathematics, are also human 
inventions, like ghostsa The whole blessed thing is a 
human invention, including the idea that it isn't a 
human invention. The world has no existence 
whatsoever outside the human imagination~ 

-Zen and the Art of Motorcycle 
Maintenance, Robert Pirsig. 

by Marty Koishol 

What is physics? In the studies of 
science and engineering we 
encounter and use physical concepts, 
theories and formulae continuously. 
We value physics because of its 
usefulness-its ability to predict 
certain events. Without the basic 
knowledge of analytic mechanics, 
thermodynamics, electromagnetism, 
and optics; engineering would have 
no basis. We'd be without such 
conveniences as radios, airplanes 
and toasters, but we'd also 
understand much about the nature of 
reality. Our conception of the universe 
would radically differ from today's. 
Most likely, we would still think of the 
earth as the hub about which the rest 
of the universe revolved. 

In emphasizing the importance of the 
study of physics, we tend to 
underemphasize the fact that it alone 
isn't sufficient for describing reality. 
Physics only provides a model or 
metaphor of reality which enables us 
to better understand the world. 
Physics is a type of language. Its 
words are symbols. Its sentences are 
formulae. The expressions of physics 
are a way of describing reality in the 
same sense that the expressions of 
the English language describe reality. 

The function of any language is to 
provide a means for communication 
as well as a basis for thinking. In 
scientific language, as well as the 
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language of literature, an attempt is 
made to reflect the structure of reality 
in the language. In physics, one may 
have an observational sentence in 
plain language or in the abstract 
language of mathematics. An example 
of a physical law in plain language 
might be the statement of Kepler's 
Second Law: a line joining a planet to 
the sun will sweep out equal areas in 
equal time. An example of a physical 
law in the abstract language might be 
Newton's Law of Gravitation: 
F=Gm 1m2 /r2 (which actually 
summarizes what Kepler said). 

Literature and poetry also use this 
language to state "laws." These 
"laws" usually deal with social forces 
or human nature. Hamlet says, in the 
play of the same name (V.293), "Let 
Hercules himself do what he may. The 
cat will mew, and the dog will have 
his day." These general statements in 
both literature and science can be 
applied to many particular situations. 
In the literary metaphor, "Hercules" 
may be any powerful person that finds 
some things are beyond his or her 
control in the physical metaphor, the 
law of gravitation can be applied to an 
apple and the earth, or to the moon 
and the earth. 

We can relate the language of physics 
to plain language in a way suggested 
by the distinguished methematician 
and lecturer of science, Jacob 
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Bronowski. He cites three distinct 
features of the methematical language 
to create a sentence in abstract 
language. First, one must identify the 
"seperable entities" that are related in 
some way or another. These entities 
may be directly perceived or, what is 
more often the case, inferred by 
speculation. Examples of these are 
gravitation, mass, or electron and 
these are represented by symbols in 
physical formulae. These symbols are 
analogous to the words of ordinary 
language. Second, these entities are 
related to each other by a 
mathematical sentence with a certain 
structure. The sentence explains how 
the entities are allowed to be put 
together. They can be put together 
only in a way that will conserve the 
entities such as mass, energy, etc. 
under various changes. The allowable 
structure is analogous to the grammar 
of the regular language which 
restricts the relationships of the 
various nouns, verbs, adjectives, etc. 
and defines the allowable structure 
for the words. Third, descriptions are 
needed to relate the abstract 
sentence to real events. For each 
sentence in the mathematical 
language there should be a 
corresponding description of the 
relation in plain terms. For example, 
F=Gm 1m2 /r2 describes the amount of 
force between any two objects at a 
given distance. This function of the 
scientific language can be thought of 



as a sort of dictionary of translation. 
This last feature is essential because 
it enables us to apply abstract 
sentences to our common experience. 

Not all the entities in the physical 
language can be directly measured in 
every case. Many have to be inferred 
from other particular cases of the 
general law that we already know 
about or have measured. We can't 
measure the distance from here to the 
moon with a yardstick, rather, this 
distance is derived by knowing the 
masses of the earth and moon and by 

e can't measure 
the distance from 
here to e moon 
with a yardstickum 

knowing the force due to gravitation. 
The masses also must be derived in a 
similar way. The language builds on 
itself, starting with simple, observable 
entities, and then derives those 
entities that can't be observed. This 
assumes a consistency in the 
language: that the "grammar" 
structure will hold in all cases where 
the formula is applied. However, this 
is not always the case as is 
discovered when a new paradigm 
displaces an old one. The Newtonian 
model of mechanics, for example, 
doesn't hold at velocities that 
approach the speed of light, which 
was only discovered in this century 
through Einstein's theory of relativity. 

As previously mentioned, many of the 
entities in the physical language are 
not directly perceived. Instead, their 
existence is inferred by speculation. 
No one has actually seen a neutrino. 
And what exactly is gravity? Does it 
no longer exist in light of Einstein's 
picture of space-time? Do these 
concepts have an actual, concrete 
existence, or are they just symbols in 
the language of physics to help us 
understand and explain the natural 
world? Are we discovering what is 
already there but always hidden, or is 
our analysis of nature a personal 
creation? 

Observing the history of accepted 
theories lends insight to this question. 

Physical theories, our conceptual 
models of ~eality, that were once 
completely accepted, continually get 
discarded or are discovered to be 
limited in their applications. The 
history of science is full of examples. 
Ptolemaic astronomy was discarded 
by the Copernican model. Newtonian 
mechanics rejected Aristotelian 
physics. Faraday and Maxwell's 
theory of electromagnetism overthrew 
Newton's view of action at a distance. 
Einstein's theory of relativity 
fundamentally changed the 
conception of the world, displacing 
the Newtonian model. It is a 
characteristic of science to "correct" 
itself by the discovery of new models 
or theories. 

Illustration by Conrad Teves 

What causes an upstart theory to be 
accepted and another rejected? The 
reasons for preference of one theory 
over another, according to Thomas 
Kuhn, philosopher of science at MIT, 
ar-e both objective and subjective. 
Objective reasons for choosing one 
theory over another include: 
accuracy, how well the results of the 
theory agree with the experimental 
data; consistency within itself and to 
other theories it relates to; how much 
the theory is able to explain; and 
simplicity, or how well it connects 
confused or unordered phenomena. 

Subjective reasons are those that 
depend on the personal experiences 
of the individual scientists involved
their education, values, work 
experience, etc. He notes that many 

times these criteria come in conflict 
with each other. One theory may be 
more accurate than another, but at the 
same time it won't explain the 
phenomena as well or bring as much 
order to unconnected phenomena as 
the other theory might. Many cases 
are like this, and the actual choice 
between two rival scientific models 
may be difficult, if not arbitrary. If this 
is true, then what sense does it make 
to think of any physical model as an 
actual representation of reality? Is 
relativity, for example, fiction also? 
Will it eventually be displaced by yet 
another model of reality? Is there no 
end to this acceptance/rejection 
scheme? Is there, then, no ultimate 
description of reality? 

Bronowski answers this question by 
saying that there isn't any model, any 
language we can construct that will 
ever be a complete description of the 
natural world. But our language of 
physics creates models that keep 
getting closer. 

He makes the assumption that every 
event in the universe is connected in 
some way to every other event. All 
things are interdependent in his view. 
Whenever we describe phenomena in 
physics or relate inferred entities into 
sentences, we must necessarily make 
a division between what we consider 

11m .. there isn't any 
mo I, any language 
we can construct 
that will ever be a 
complete 
of the nat 

scri ion 
world .. 

relevant and irrelevant to the theory or 
experiment. We create a closed 
system that contains only a small part 
of the universe. Since we leave 
something out of the system, the 
model can't be completely accurate. 
We try to disregard only what's not 
essential to the experiment; but in fact, 
because everything is interrelated, the 
model will only give an approximation 
of what actually happens. It may be a 
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Konrad auersberger 

By Susan Caldow 

Photo by Ronda Way 

Professor Konrad Mauersberber 
came to the University of Minnesota 
from Bonn, West Germany in 1969. He 
did his post-doctoral work in 
atmospheric physics using rockets 
and satellites to measure the 
constituents of the upper atmosphere. 
After becoming a University of 
Minnesota faculty member in 1974, 
Mauersberger began similar research 
on the stratosphere using balloons. 

Mauersberger believes experimental 
research should be fun and that a 
lasting contribution can be made to 
science if the research is done well. 
"If a scientific question is interesting, 
that is a good enough reason to 
pursue it," said Mauersberger. 

Currently Mauersberger is working on 
a NASA funded project measuring 
ozone and its isotopes in the 
stratosphere. Evidence has been 
found that the isotopes act differently 
in the ozone. 

The existence of unusually heavy 
ozone is also interesting to 
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Mauersberger. Later in his research, 
he hopes to work with theorists to 
develop a model of ozone. 

In Mauersberger's ozone research, 
data is collected using a liquid helium 
filled balloon which can be the size of 
the Physics building or larger. The 
only balloon facility in the United 
States is located in Texas. 
Mauersberger goes to the National 
Scientific Balloon Facility once or 
twice a year to launch his balloon. He 
hopes to make his next trip in 
December. Mauersberger enjoys his 
balloon research because he has a 
direct communication link with the 
balloon. At any time during the 
launch, he can concentrate on any 
element of the data being collected 
that seems interesting. 

Mauer goes 
to the National 
Scientific Balloon 
Facility once or twice 
a year to launch his 
b na 
From the data collected on ozone and 
rts isotopes, Mauersberger and his 
graduate assistants were able to 
simulate ozone in the gaseous, liquid 
and solid state. In 1985, they were the 
first scientists to measure the vapor 
pressure of ozone in a laboratory. 
Once the simulated ozone was in the 
liquid state, it was heated and the 
vapor from the gases could be 
measured. This process is similar to 
measuring the vapor pressure of 
water. 

In the classroom, Mauersberger's 
main teaching responsibilities have 
been the introductory physics 
sequences for engineers and pre-

med students. He enjoys watching 
freshmen enter the rigor of serious 
study in the university setting. "My 
goal is to have the students learn 
something," said Mauersberger. He 
feels that if the teacher gets along 
well with the students, the learning 
environment can only be enhanced. 

Mauersberger would like to see more 
women in physics courses. He 
believes women are turned off by 
science because of traditional gender 
roles. Also, the extensive use of 
mechanism examples in the first 
quarter course seems easier for men 
to understand. Mauersberger 
wonders if the sequence was taught 
backwards-first theory then 
mechanisms-that possibly women 
might perform better. In a study he 
completed on the pre-med sequence 
students, Mauersberger found women 
received three times fewer A's than 
men in the first quarter course. By the 
third quarter, women received the 
same percentage of A's as men. 

Mauersberger describes himself as a 
person who likes to get along with 
people and to see things work out. 
These qualities are made obvious 
through his excitement for his 
research and his interest in his 
students' performance in the 
classroom. I.. 



I fil 

Bruce Brandt 
by Chi Hum Paik 

Most of us feel we have a grip on 
calculus, but what about the real, in
depth math? Could we ever master 
that stuff? No, we usually leave it up to 
the math majors, "the few, the proud, 
the esoteric." 

Bruce Brandt is a graduate of the 
University of Minnesota in 
mathematics. He has been interested 
in science ever since he can 
remember. He hadn't thought about 
studying math until high school, when 
he placed sixth in the state in the 
national math contest. By his senior 
year, he had placed first in Minnesota 
and thirteenth nationally in the United 
States of America Mathematicians' 
Olympiad. He knew then that he 
wanted to major in math. 

"I was always interested in the 
theoretical part of science. I liked 
math, because math doesn't have 
labs," he said. Like many scientists, 
Bruce has enjoyed doing his own 
research since his youth. In high 
school, he designed a program about 
studies of polyominoes. A polyominoe 
is a puzzle which constructs 
independent arrangements from a 
given number of squares. For 
example, given 5 squares, one could 
arrange 12 independent shapes. He 
practically "melted" a VAX computer, 
programming a polyominoe puzzle 
to find how many shapes he could 
make out of 11 squares. He entered 
college with countless trophies, 
awards, and recognitions in subjects 
varying from math and physics to 
piano and chess. 

At the U of M, he was required to take 
48 credits of 5000-level math classes 
to earn his degree. Three classes in 
algebra, analysis, and an in-depth 
field were required. Bruce chose 
topology as his in-depth emphasis. He 

described topology as "a study of 
shapes and dimensions, without 
worrying about measurements." He 
went on to say, "It is said that 
topologists could not tell a difference 
between a doughnut and a coffee 
cup." Other fields he studied were 
combinatorics, graph theory, set 
theory, and philosophy. 

Photo by Gary lovelace 

"Education in mathematics brings you 
to a certain point in time," he 
mentioned. According to Bruce, a 
bachelors degree in math would bring 
a student up to about the early 1900's 
in the world of mathematics. 

After completing his studies, Bruce 
accepted a position at Consolidated 
Data Service company. He is 
responsible for programming software 
that keeps track of all scholarships 
and tuition filings for Minnesota 
Catholic schools. He finds a close 
association between his interest in 
math and computer programming 
since both communicate with his kind 
of language, logic. Bruce added that 
most mathematicial jobs can be found 
in the areas of management, 

accounting, industrial research, and 
teaching. 

Engineers often tease mathematicians 
saying that they never apply what they 
learn in real life. Mathematicians 
defend themselves with what Bruce 
calls "math snobbery," which isolates 
themselves from the rest of the world. 
He also, however, feels that one 
cannot overlook mathematicians' 
contributions and enthusiasm. 

One of the things he does regret now 
is being so sure that he wanted to 
study math that he didn't give other 
studies a chance. "It is good to be 
broad," Bruce said, "Take some 
different classes in math or physics or 
even science. If you like (something) 
specifically, that's great, but it's 
always a good idea to broaden 
yourself to at least get a taste of the 
different ways science is organized." 

During school, he tried broadening 
his interests by folk dancing and 
reading science fiction novels. 
Otherwise, he was heavily involved 
with his computer programming 
hobby. 

Bruce isn't sure what he wants to do 
in the near future. He may return to 
pursue his education in graduate 
school. His ideal job would be writing 
essays on specific issues. He 
summarized by saying, "I have a bias 
toward humanity. Science isn't 
everything. There still lies different 
issues: on ethics, the difference 
between science and scientism, and 
how we should be careful not to 
abuse science ... " He hopes that 
through all of the pressures of exams 
and GPA's, the responsibilities of the 
future engineer will not be forgotten. A 
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s 6. 
"It's really competitive out there. Different producers, 

different countries) after the same markets. And that's 
good because the more effectively we compete, the bet
ter our products become. 

"We're working with the Japanese on a new airplane. 
It's a strong combination. Like us, they deal with ideas. 
They sell high quality, high tech. 

"I like the idea of working with the best people, no 
matter where they are in the world. And Boeing is excit
ing from the standpoint of personal growth. 

"I took a Boeing computer class recently. An 80 hour 
class, two weeks, 8 hours a day. I learned a new computer 
system. And I met people from 
different parts of the com
pany and from different 
disciplines. We shared 
ideas about the sys
tem we were learning 
and a lot of other 
things, too. 

"I'm learning 
more than just one 
little area. I'm getting 
a broader base. 
That means more 
opportunities:' 

JohnW Peter 
Production Tooling Engineer 

Boeing Commercial 
Airplane Company 

University of Minnesota 
Class of 1986 



"In my experience, the important thing about 
Boeing is not that it's big, but that it provides many 
opportunities. You work as a member of a small team, 
10 or 20 people. 

"Boeing is a large company in terms of the Fortune 
500. But that kind of measurement is meaningless in 
terms of daily activity. 

"Young people benefit from working with experi
enced professionals. And, they bring fresh perspectives 
to familiar problems. 

''At the same time, it's important to your career to 
realize that Boeing has very broad interests. Many of us 

modify our career goals with time 
and experience. Some change 

disciplines altogether, or pur
sue advanced degrees that 

speed growth. 
''At Boeing, it's 

possible to make such 
changes without losing 

benefits accrued over 
time. At Boeing, you 
can move on without 
having to start over:' 

Robert A. Foseid 
Manager737/757 -747/767 
Advanced Engine Programs 
Boeing Commercial 
Airplane Company 
University of Minnesota 
Class of 1958 

Engineers and 
Engineering Technologists: 
To find out more about the opportunities at 
Boeing, contact your college placement office. 
Or send your resume to The Boeing Company, 
P.O. Box 3707-C62, Seattle, WA 98124. 

An Equal Opportunity Employer 
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Dynamical systems have both practical and 
aesthetic applications. The recent availability of 
powerful computers has aided their study .. 

lby David Aurzada 

Dynamical systems is the branch of 
mathematics which studies the 
evolution in time of systems whose 
behavior is governed by a local law. 
For example, a preditor-prey system 
which varies over time such as the 
wolf-moose population on Isle Royale. 
Ecologists chart population data and 
then try to make predictions about the 
cyclic behavior of such a population 
taking into account things such as the 
weather, food supply and relative 
populations of the two species. Such 
a study is currently being conducted, 
but there are many assumptions about 
this situation that must be made 
before any results can be determined. 
Often, too many assumptions are 
needed to make such a study 
practical. Although predictions about 
a system may not be completely 
accurate, we can learn about the 
qualitative behavior of that system. 
Sometimes a solution can be found by 
reducing complex systems to simpler, 
smaller systems. Other times, the 
easiest way to understand a system is 
to create a similar mathematical 
model that can be analyzed, and from 
which similarities can be drawn. 

A good example of a model of a 
discrete dynamical system is a 
mapping of a plane. The points of the 
plane represent the states of a system: 
a rule is given describing how the 
state changes with time. An example 
of simple mapping of this kind could 
be the transition rule F(C) =C2, where 
Cis a complex number viewed as a 
point in the plane. 

One property of a dynamical system 
can be seen when you start with an 
initial point and repeatedly apply the 
transition rule. The result may tend 

18 Minnesota Technolog Winter I, 1987 

toward a limit, toward infinity, or 
toward a set. If it tends toward a two
point set, it might, aftermapping, start 
near the first, hop near the second, 
and after one more iteration, hop back 
closer to the first and continue to get 
closer and closer to these two points 
after successive iterations. These 
periodic points, called periodic 
attractors, can occur with any number 
of points in a cycle. 

f(9) 

f(i) 

Illustration by Tom O'Rourke 

Points mapped lby a period two 
atiractor 

For the example, F(C) =C2, there are 
two attractors, one at infinity and one 
at zero. If you start with a number 
whose norm, its distance from the 
origin, is greater than one and square 
it, the result is a number with an even 
larger norm. After successive 
iterations, it tends to infinity. If you 
start with a number whose norm is 
less than one, squaring it will make it 
smaller and draw it closer to zero. 
What happens if you start with a 
number that is on the unit circle? 
Repeated applications of the mapping 
do not change its norm. The norm 
continues to be one, but its angle 
changes, doubling each time: tracing 
sort of a fixed ortit around the origin. 

Now suppose you start with two initial 
positions close together. Do they both 
approach the same limit? If they both 
lie outside the unit circle, they 
approach the same value. If you start 
with two points inside of the unit 
circle, the result approaches zero, 
however, if the two nearby points are 
seperated by the unit circle or one of 
them is on the unit circle, they result 
in different outcomes. This behavior is 
called bifurcation; a place where just 
a slight perturbation in the initial 
conditions can cause radically 
different results in the long term 
behavior of the system. The example, 
though rather simple, demonstrates 
the kind of analysis and basic 
questions that are asked when 
dynamical systems are studied. 

Dynamical systems come in two 
varieties, discrete and continuous. 
Often discrete systems can be viewed 
as seperate time samplings of a 
continous system. Whereas continous 
systems arise from differential 
equations, discrete systems arise from 
difference equations. At the University, 
work is being done on discrete 
systems at the Dynamical Systems 
Laboratory in Murphy Hall. Part of the 
current interest in discrete systems is 
because of the adaptability of desktop 
computers to them. Computers can 
map thousands of points in minutes 
with great accuracy; something that 
could not be done before the advent 
of computers. 

Ideally, one would like to model 
complex dynamical systems, and 
study their mathematical properties. 
Unfortunately, this is nearly 
impossible in most cases. What is 
fortunate is that there are surprising 



Mandelbrot Set plot 

similarities between simple dynamical 
systems and complex systems. There 
are many so-called "generic" 
properties of dynamical systems that 
can be studied. This allows people to 
study simple systems, make 
predictions, test them, apply them to 
more complex systems, and test them 
again. 

It doesn't take long to realize that 
discrete dynamical systems have very 
interesting properties. The first 
example mapped C_,.C2, but suppose 
you take that same equation and 
make it slightly more interesting by 
adding a non-zero parameter, such as 
F(C) =C2 + 8 where C is a complex 
number and 8-81+82. If you choose 
to make 8 too large, for instance, with 
a norm greater than one, all points will 
be mapped outside of the unit circle 
and will quickly approach infinity. If C 
is very close to zero, it will look like 
the first mapping with one exception: 
there won't be a smooth boundary 
anymore at the unit circle. Instead of 
having a nice smooth boundary like a 
circle, the boundary becomes a very 
complicated point set. Some points 
will converge to zero while 
neighboring points will zip off to 
infinity. The point set that seperates 
the points that go to infinity from those 
that go to attractors is called the Julia 
set. In this example, the Julia. set is 
called a fractal because each part of 

the boundary, when blown up, does 
not become any simpler, but begins to 
look more like a copy of the original. 
The more one enlarges it, the more it 
resembles the original. It's a lot like 
the edges of a snow flake: the closer 
one examines it, the more intricate it 
becomes. 

Another interesting result aided by the 
use of computers was that the set of 
all epsilons where 8=81+82i, called 
the Mandelbrot set, is bounded by a 
fractal also. These often graphicaly 
beautiful complex sets of points are 
just a small portion of what has been 
studied in discrete dynamical systems 

Mandelbrot Set plot 

because of the aid of graphic super 
computers. 

If one continues to study this simple 
example, one finds that as one moves 
around the Mandelbrot set, one 
parameter choice may produce a 
single attractor whereas a different 
choice may result in two or three 
attractors. All of these can be quickly 
examined with the aid of computers. 

One of the most surprising results of 
experimentation with dynamical 
systems is that such a simple function 
can have such incredibly complex 
and sometimes unpredictable 
behavior. Work is just beginning in the 
area of dynamical systems. If such 
simple systems can produce such 
chaotic behavior, maybe the models 
that we need in order to simulate real 
systems aren't quite as far off as we 
might think. Discrete dynamical 
systems is a branch of mathematics 
that is alive. The subject is in its 
infancy; most of its developments 
have occured in the last thirty years. 
As computers get further advanced 
and the mathematical theory 
continues to develop, the study of 
discrete dynamical systems will 
continue to grow.! 

Editors note: 
Currently, there is one math sequence that 
covers dynamical systems; the ordinary 
Differential Equations course. 

The author wishes to thank Professor R. 
Moeckel and Professor Aronson of the math 
department for their help in this article. 
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The Astronomy Department hopes to build a new 
telescopem This telescope may help place the U in 
the forefront of astronomy .. 

by Kevin Cummings 

Far out on a high mountain in the 
desert sits a lonely figure. Crouched 
beneath a mammoth mechanical 
cyclops, the figure patiently counts 
the minutes as the beast with one eye 
slowly traces an arc across the sky. It 
is very early morning, and the sun will 
not come up for a few hours yet. But 
this is good, because the cyclops 
cannot see its quarry as well when 
the earth turns this side toward the 
sun. 

The lonely figure, an astronomer, gets 
up, stretches, and takes one last look 
through the eyepiece. The target is 
invisible to the astronomer's eye, but 
the monster has an electronic brain 
and knows exactly where to find what 
it is looking for, a quasar. The 
astronomer feels good about this 
night's work, because it shows how 
important the new University of 
Minnesota telescope is to astronomy 
and astrophysics. 

Although the preceding story has yet 
to take place, the Astronomy 
Department hopes it will not be too far 
in the future. The department has 
determined that American 
astronomers have a definite need for 
large telescopes, because most of the 
other large telescopes are getting old 
and are too near large cities. 

When astronomers speak of large 
telescopes, they usually mean 
telescopes with a primary mirror that 
is 100 to 200 inches in diameter. Such 
a mirror collects more light from a 
source in the sky, and increases the 
magnification of the object viewed. 
Until recently, though, costs for large 
telescopes have been so high that few 
have been built. 

Because new materials used in the 
construction of modern telescopes 
have brought the price down to 
reasonable levels, the Astronomy 
Department decided the time had 
come to build a large telescope. 

a .... new materials us 
in the construction of 
modern telescopes 
have brought the 
price down to 
reason 

Currently the department has direct 
access to three telescopes. The first 
can be seen at the top of the physics 
building, but it is too small for useful 
experiments. The second has a thirty 
inch mirror and is located at Marine 
on St. Croix, just north of Stillwater. 

The third is a sixty inch telescope 
near Tucson, Arizona. The Tucson 
telescope, though good for many 
projects, has been less than adequate 
for the department because it is not 
precise or powerful enough to 
compete with other research 
telescopes. 

Of course, there are other telescopes 
in the United States that the 
Astronomy Department could, and 
does use. However, there are so few 
of them that all of the astronomy 
departments in the US have to share 
them, which makes research very 
difficult for individual astronomers. 

Once the department decided to build 
the telescope, three things had to be 
determined. First, they needed to 
come up with a design for the 
telescope that would be the most 
effective. Next, they needed to 
determine the site of the telescope. 

An artist's conception of the new telescope location 
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Finally, they needed to come up with 
the funds to pay for the multimillion 
dollar project. 

Plans for the telescope design began 
over a year ago and culminated last 
spring with a scaled down model of a 
140 inch (3.5 meter) telescope. With 
its superior construction and 
precision computer control, this 
telescope, when constructed, would 
be more powerful that the 200 inch 
Palomar telescope. The Palomar 
scope has been the best in the 
country since its construction in the 
1930's, but the quality of the telescope 
and the increase in population and 
unwanted light around it have made 
the Palomar telescope less useful in 
recent years. 

The final design 
concluded that the U 
of M telescope, its 
dome, and 
supporting 
electronics, could be 
built at a cost of $6 
million~u 

The final design concluded that the 
U of M telescope, its dome, and 
supporting electronics, could be built 
at a cost of $6 million, with an 
additional $4 million needed to build 
support facilities at the remote 
location. The search for a suitable 
location was the second step. 

Before they began the search for a 
location, the department established 
the following criteria: 

1: The site has to have dark skies, 
away from cities or potential city 
areas. 

2: It has to have clear skies most 
of the time. In the Southwest US, 
10-15% of the nights in a year are 
cloudy, compared to 40-50% in 
Minnesota. Thus, the site would 
likely be in the Southwest US. 

3: The air has to be steady and 
clean, which is most easily found 
on mountains over 10,000 feet 

Illustration courtesy of the Astronomy Department 

high. This is because nearly half 
the atmosphere is below 1 0,000 
feet. 

4: The water vapor content in the 
atmosphere has to be low. This is 
because water vapor blocks 
infrared rays and the Astronomy 
Department has many of its 
researchers working on infrared 
projects. 

5: The telescope should be close 
to the equator, so that more of the 
sky can be seen during the year. 

The actual site has not yet been 
determined, but it will be chosen from 
the following sites: 

-Sacramento peak, NM. This site is 
at 9000 feet plus elevation; it already 
has a solar observatory on the peak. 
Another University consortium has 
already built a library, machine shop, 
and other buildings. It is near an air 
force base and a growing city. 

-South Baldy Peak, NM. Elevation 
11,000 feet. 

-Kapea Peak, NM. SE. of 
Alberqerque, NM. 

-Mt. Gramm, AZ. This site is at 
11,000 feet elevation. This is a 
wilderness area, and the Sierra Club 

does not want a telescope site that 
might disturb it. The University of 
Arizona wants to build here. 

-Mauna Kea, Hawaii. This is not 
really a serious site because of its 
remoteness to the University of 
Minnesota. It is near the equator. The 
elevation is 14,000 feet plus. Many 
telescopes already are here. 

Once the University determines the 
site for the telescope, they would like 
to start construction. Unfortunately, 
that means they must already have 
money set aside to begin building. In 
fact, they hope to get the 140 inch 
mirror ordered soon because it may 
take up to two and a half years to 
make it. Before the mirror can be built, 
the department must come up with 
half of a million dollars to pay for it, 
and then decide which of three 
companies in the world that can build 
such a mirror, will get the contract. 

To help the department get going, the 
University of Minnesota has pledged 
to match the first quarter million they 
get with another quarter million. The 
department has set up an advisory 
committee made up of local business 
people, to help them get their funds, 
since the Astronomy Dept. is not 

Telescope to 31 
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by Renee Hanson 

Knotted Doughnuts and Other 
Mathematical Entertainmentst Martin 
Gardner, W.H. Freeman and 
Company, 1986, paperback, pp. 278, 
$10.95. 

Martin Gardner is well known for his 
mathematical puzzles column in 
Scientific American, and he's widely 
read by individuals seeking 
mathematical recreation. His latest 
collection of mathematical puzzles 
and oddities is titled Knotted 
Doughnuts. This book contains 
puzzles and games with their 
solutions or mathematical 
explanations. 

One of the mathematical oddities 
investigated in Gardner's book was 
coincidences. Gardner examined the 
statistical calculations of 
coincidences; whether separate 
calculations for each element should 
be made or if all the elements should 
be considered together. Also included 
were some applications and examples 
of coincidence calculations. 

For 25 rings, it would 
take 22,369,621 
steps .. 

Knotted Doughnuts also examined the 
binary Gray code. This code is often 
used to increase efficiency and to 
reduce errors in counting. Many 
puzzles are based on this code. For 
example, a Chinese ring puzzle where 
the object is to free rings from a 
double bar by moving the rings in a 
particular order has its solution based 
on the binary Gray code. The 
calculations for the minimum number 
of moves can be made based on the 
binary code. For 25 rings, it would 
take 22,369,621 steps. 
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Another familiar puzzle is the Tower 
of Hanoi, (see figure) where a pyramid 
of discs is stacked on a peg pole at 
one side. The object of the puzzle is 
to transfer the discs to the far pole, 
moving only one disc at a time without 
placing a larger disc on top of a 
smaller one. The center pole is a 
resting place. Using the Gray 
sequence, the puzzle can be solved in 
2n-1 moves, where n represents the 
number of discs. Bacon's cipher is for 
the person interested in cryptography. 
(Cryptography is the "art or process of 
writing in or deciphering secret 
codes"-American Heritage 
Dictionary). With this cipher method, 
you can decode or code messages 
written with Bacon's cipher. Bacon's 
cipher is a binary code that yields a 
concealment cipher where the true 
cipher text is not suspected. This 
concealment cipher uses two cipher 
alphabets, one which makes up the 
genuine message and one which 
records a false message. The two 
m'essages are combined to make one 
text. Bacon also added further 
designs to his ciphers with various 
letter permutations. 

Gardner also includes solitaire 
puzzles, logic puzzles, quizzes and 
new mathematical games requiring 
only pencil, graph paper and a supply 
of counters. One such puzzle is called 
Reverse the Fish (see diagram). The 
puzzle involves a toothpick fish with a 
button for an eye. The objective is to 
"change the position of just three 
toothpicks and the button so that the 

fish looks exactly the same as before, 
except it is now swimming in the 
opposite direction." 

Gardner takes great pains to explain 
these puzzles thoroughly with 
extensive use of statistics and 
mathematics. Also, Gardner separates 
the puzzles from the answers to help 
prevent puzzle cheating. 

Knotted Doughnuts does not require 
an extensive knowledge of calculus, 
but if mathematics or statistics aren't 
enjoyable to you, this book will be a 
labor to read. For a mathematical 
enthusiast, this book will be 
captivating. Although it is not 
generally a book that gets read cover 
to cover, many of the puzzles will 
provide hours of entertainment. Read 
it and amaze your friends with your 
knowledge of fun intellectual games. A 
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A national network of mathematicians, scientists and 
engineers is working to solve complex problems 
with its collective brain power. 

by Tom Saefke 

The National Science Foundation 
(NSF) decided to fund a program that 
would integrate mathematics with the 
sciences and engineering disciplines. 
It issued a plan for a school to host a 
five year program which attracted 
fifteen universities from around the 
country. Though they intended to 
select only one university, they ended 
up selecting two: Berkeley and the 
University of Minnesota. Whereas 
Berkeley's Mathematical Sciences 
Research Institute specializes in pure 
math, the U of M works more with 
applied math. The U of M project is 
called the Institute for Mathematics 
and its Applications (IMA): its offices 
are located on the fifth floor of the 
Vincent Hall. 

The NSF grant to the University 
covers a five year period and is the 
primary source of income for the IMA. 
The first grant runs out in the summer 
of 1987 but the NSF recently voted to 
extend the grant an additional five 
years. Other sources also help 
support the IMA including Armed 
Forces research offices, about 15 
Midwest Universities and several 
industrial corporations. Hans 
Weinberger directed the program for 
the first five years, but he will step 
down to pursue his own research 
projects in the summer of 1987 
allowing Anver Friedman from Purdue 
University to replace him. 

The IMA is a common ground for the 
mathematician, scientist and engineer 
to work together, communicate, and 
share knowledge. Each year the 
institute chooses some aspect of 
mathematics to work on. Some of the 

best minds come from universities 
and industries around the world 
spending up to several months to 
participate in this unique experience. 
Although the program is limited to 
graduate students, professors, and 
people in industry, undergraduate 
students may benefit as ideas trickle 
from professors into the classroom. 

The IMA is a 
common ground for 
the mathematician, 
sci stand 
engineer to work 
together, [and] 
communicate .. u 

The computer is a relatively new tool 
for many mathematicians while 
engineers and scientists are finding 
themselves almost required to work 
with complicated programs that 
require an extensive math 
background. Mathematicians and 
scientists have much they can learn 
from one another. This year's topic is 
"Scientific Computation," the IMA is 
working with the inputs, the inner 
workings, and the outputs of the 
computer. This year, the researchers 
are asking what are the implications 
of a certain model? What does it say? 
How will a certain input affect the 
output? Does the output accurately 
reflect what was input? The IMA 
mathematicians hope to determine the 
relation between the input, output and 
inner workings of the computer. 

Photo by Ronda Way 

Hans Weinberger 

In studying the inputs to the computer, 
the IMA researchers use models
sets of equations that represent some 
variables. The researchers want to 
know how certain combinations of 
these variables will behave. For 
example, what will a metal form after it 
has been injected into a die or how 
thick a coating will be over some 
surface. One problem the IMA has is 
finding reasonable equat1ons to fit 
their model. They perform 
experiments over and over using 
different conditions each time, and 
then express what they learned in a 
mathematical way. Usually partial 
different equations and algebraic 
equations will be used. They also deal 
with derivatives and approximations 
of derivatives, sometimes having 
many linear and nonlinear equations 
numbering from the thousands to 
hundreds of thousands. 

There are some applications for these 
models. For example, air flow from the 
combustion process such as in the 
operation of fuel jets can be modeled. 
Researchers sometimes need to work 
with a lot of chemistry but don't 
always know enough about chemistry 
to determine how to apply it to their 
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problem, so the best they can do then, 
is use equations that approximate the 
chemical reactions they work with. As 
researchers better understand these 
reactions they can substitute simpler 
approximate equations for more 
accurate equations. The IMA 
researchers don't always know if the 
model is aqtually representing what it 
should. Sometimes they need to 
execute experiments simulating the 
model so they can check its behavior. 
The researchers work constantly to 
make sure that the model and the 
experiment are the same. This way 
they can be assured the input into the 
computer actually represents the 
experiment. 

The researchers 
work constantly to 
make sure that the 
model and the 
experiment are the 
same§ 

In studying the inner workings of the 
computer, the IMA has been 
concerned about its limitations. Many 
of the models representing the inner 
workings of the computer are 
continuum models, they involve 
functions that have one or more 
continuous variables and their 
derivatives. Sometimes there are an 
infinite number of variabies. The 
computer can only handle a finite 
number of variables, so the 
mathematician needs to reduce the 
number of variables storing only 
values at certain points to represent 
the function. 

Many of the models that are 
discussed at the Institute are fairly 
well established but the problems 
represented by them are difficult to 
solve. For example, the software for a 
program calculating the air flow over 
a wing's airfoil is fairly simple and 
available. However, putting the wing 
on the body of a plane greatly 
complicates the program. This is 
because the problem goes from a two 
to a three dimensional problem. 
Putting an engine on the plane further 
complicates the equations so much 

that even the supercomputers are too 
small for them. 

In working with the output of the 
computer, the IMA researchers look at 
the answer given by the computer and 
question its correctness. 
Supercomputers are great in that they 
allow the engineers or scientists to 
experiment with complex models. 
However, the margin for error must 
decrease because accuracy becomes 
critical with larger models. Answers 
are rarely exact, even the largest 
computers work with only 64 binary 
digits, meaning that some answers 
might be rounded off. This might not 
sound serious: for small problems it 

usually isn't, but after going through 
millions of arithmetic operations, the 
resultant answer could be off 
significantly. 

Today's products and problems are 
too complex for one person or group 
to handle. The people in mathematics, 
science, and engineering need to 
come together to communicate and 
thereby solve complex problems. As 
the world grows more interdependent, 
the IMA takes a small step toward 
bringing together separate disciplines 
to cope with the problems of 
tomorrow. A 

P-15 -....::.__ _____ _ 
®Matrix operations 
®Complex functions 
liij So I v e a n d I n t e grate 
® 448 program I i nes 
®Insert/delete editing 
® RPN logic, Continuous 

Memory and liquid
crystal display 

$73.75 

~~~~~~~~g~~~iEl ®Binary, octal, decimal, 
hexadecimal conversions 

®Boolean AND, OR, NOT, XOR 
® 203 program I i nes or 101 

16-bit data registers 
®Sets word size, 1 1 s & 2 1 s 

complement, unsigned modes 
®Floating-point decimal mode 
®RPN logic, Continuous Mem

ory& liquid crystal display 

$89.50 
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The following is a partial list of the faculty of the Physics Department and their research interests: 

Benjamin F. Bayman 

John Broadhurst 

laurence J. Cahill, Jr. 

Charles Campbell 

Hans W .J. Courant 

Deitrich Denhard 

Paul J. Ellis 

George D. Freier 

Phyllis S. Freier 

Study of atomic nuclei as many-body systems in which individual quantum states can be iden
tified and investigated. 

Determination of trace elements, isotope ratios and geological dating by accelerated ion mass 
spectroscopy. Determination of neutrino rest mass by beta ray endpoint spectroscopy. Deter
mination of the contractile process of skeletal muscle cells. 

The earth's magnetosphere: inflation by ring current protons during magnetic storms, genera
tion of magnetic pulsations, coupling between the magnetosphere and the ionosphere, electric 
fields and currents in the ionosphere, generation of waves and particle perturbations in the 
ionosphere by artificial ion beams. 

The many-body theory of quantum fluids, correlations of electrons in solids and the variational 
formulation of quantum statistical mechanics. 

Search for proton decay, rare phenomena observed deep underground, cosmic ray physics, 
accelerator scattering experiments on strong interactions. 

Tests of nuclear structure and reaction models by measurement of inelastic pion and proton 
scattering, iospin mixing, charge dependence of the nuclear force. 

The effect of coupling to inelastic scattering and nucleon transfer channels upon the elastic 
scattering of two nuclei. Dependence of the scattering of two nuclei on their angular momen
tum as revealed in spin-flip and polarization measurements. 

Lightning and atmospheric electricity, precipitation and thunderstorm activity over land which 
can be caused by 222Rn radioactivity in the atmosphere. 

Cosmic rays, high energy astrophysics and relativistic heavy ion collisions. Measuring accel
eration, propagation and scattering cross sections of cosmic rays. 

Stephen G. Gasiorowicz Study of constraints that the known asymptotic behavior of amplitudes in quantum chromody
namics places on the mass spectrum, and the application of duality to two-point functions for 
currents that carry arbitrary spin J. 

Clayton F. Giese 

Allen M. Goldman 

Kenneth J. Heller 

C.C. Huang 

Joseph I. Kapusta 

Molecular interactions, especially non-reactive inelastic collisions studied using molecular 
beam techniques. Development of techniques for making intense, low temperature pulsed 
molecular beams. Laser induced florescence and photodissociation. 

Superconductivity, primarily in the configuration of thin films, with emphasis on the effects of 
disorder and dimensional constraints. The study of the interplay of ferromagnetism and antifer
romagnetism with superconductivity. 

Experiments to determine the properties of the fundamental constituents of matter-particu
larly, strange quark production; magnetic moments; Cp violation and searches for proton 
decay, magnetic monopoles and unusual cosmic ray events. 

Thermal and optical properties of liquid crystals, including heat capacity measurements with 
resolution of 3mK, phase transitions between mesophases of liquid crystals. 

Relativistic quantum field theories at positive temperatures, theoretical models of heavy ion 
collisions and the early universe. 
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Robert l. Lysak 

Marvin l. Marshak 

Keith Ruddick 

Micheal A. Shupe 

C.C. Waddington 

Walter V. Weyhmann 

John R. Winckler 

Particle acceleration and the dynamics of current flow in the earth's auroral zone. Generation 
of electric and magnetic fields in the magnetosphere, plasma instabilities and turbulence, 
wave heating of ions and magnetohydrodynamic waves and turbulence. 

Strong and electromagnetic particle interactions, particularly at large momentum transfer; 
measuring spin-dependent effects in these scatterings; search for proton decay and similar 
rare phenomena; and cosmic ray physics and astrophysics. 

Origin and history of the solar system, isotropic signatures of nucleosynthesis in primitive 
meteorites, compositional changes in solar wind and solar flares over the past 4+ billion years 
and primordial gases in the earth's mantle. 

Particle interactions at high energy and large momentum transfer, proton decay, detector 
development. 

Strong interactions using polarized beams, CP violation in the neutral kaon system, search for 
free quarks, search for proton decay, composite models of leptons and quarks, cosmic ray 
muon astronomy, properties and possible existence of a vacuum medium.: 

Composition and energy spectra of cosmic rays above the atmosphere and how they relate to 
the propagation of these particles through interstellar space. 

Very weak magnetic interactions in metals, particularly the role conduction electrons play in 
the coupling between localized magnetic moments. 

Origin of the Van Allen radiation belts, nature of the aurora and associated space plasma 
physics. 

If you're a science or engineering major, you'll want to be part of today's Air Force. We're developing lasers and 
satellites that make science fiction seem dated. Air Force ROTC is one way to be part of this fast-paced technology. 

Air Force ROTC has 2- through 4-year scholarship programs that can help defray some of the college costs, plus 
you'll receive $100 each academic month for living expenses. 

After graduation, you'll be an Air Force offic~r. and will join those who are leading us into space-age technology. 
Take a close look at Air Force ROTC now. Don't let technology pass you by. Be a part of it. 

Department of Aerospace Studtes 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 (612) 624-2884 

LEADERSHIP EXCELLENCE STARTS HERE 



by Lorrie J.S. Atchison 

Scientists although most often recognized for their works in science, often leave a smattering of 
philosophy behind them. Test your knowledge and match these quotations with the scientists who said 
them. 

1. "Science is not everything. But science is very beautiful." 

2. "Chance favors the prepared mind." 

3. "We are all agreed that the theory is crazy. The question that divides us is whether it is crazy 
enough to have a chance at being correct." 

4. "Maximum disorder was our equilibrium." 

5. "Although the achievements of science may, indeed, throw us back into barbarism, the 
abandonment of our search for knowledge and material betterment would only make vegatebles of 
us." 

6. "If I have seen a little farther than others, it is because I have stood on the shoulders of giants." 

7. " ... it is by logic that we prove, but by intuition that we discover." 

8. "A theory is not an ultimate goal; its object is physical rather than metaphysical. From the point of 
view of the physicist, a theory is a matter of policy rather than a creed." 

9. "It is no art to be an idealist if one lives in cloud-cuckoo land." 

10. "When you can measure what you are speaking about and express it in numbers, you know 
something about it, and when you cannot measure it, when you cannot express it in numbers, your 
knowledge is of a meager and unsatisfactory kind." 

11. "Imagination is more important than knowledge." 

Scientists: 

a. Albert Einstein 
b. J.J. Thomson 
c. Sir Isaac Newton 
d. Jules Henri Poincaire 
e. Niels Bohr 
f. Louis Pasteur 
g. J. Robert Oppenheimer 
h. Vannerar Bush 
i. Lord Kelvin 
j. T.E. Laurence 

e( ~ ~ !(O ~ B(6 q(g P(L ~(9 4(9 f(v 8(£ l(l 6( ~ 

Scoring: 

9-11 You'll be quoted in one of these yourself someday. 
5-8 To repeat one of the above-"Chance favors the prepared mind." 
0-4 Quick-who came up with "E=mc2"? 
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log ledger from 5 

SMES has no moving parts and would 
be built with existing cryogenic 
equipment and power conditioning 
systems, which feature wide 
availability. In this system, electricity is 
fed through a power conditioning 
system, converting alternating line 
current to direct current. Upon need 
for the energy, the direct current is fed 
back through the power conditioning 
system and converted to line quality 
current. (Giant Magnets to Store 
Energy. ASME News October 1986). 

Student 
Prrofessional 
Awareness 
Conference 
As you near the end of your academic 
career, you may feel some 
apprehension about entering a 
professional area. A good way to 
dispel this and to gain a sense of 
professional awareness is through 
discussion of issues relevant to the 
graduating engineer. Topics such as 
the first year as an engineer, 
professional ethics and post graduate 
education options will be presented at 
a conference at the University of 
Minnesota on January 28, 1987. This 
conference is sponsored by the IEEE 
and will feature speeches by working 
professionals, opportunities for 
discussion of questions, and a 
catered dinner. For further information 
contact the IEEE in room 133EE. A. 

Koishol from 13 

very good approximation, but it is 
never completely accurate. According 
to Bronowski, we decode nature by 
creatively guessing. Our guesses get 
more and more accurate but never 
quite hit the mark. 

In this way, physics is as creative as it 
is descriptive. According to Roger 
Jones, physics professor at the 
University of Minnesota, physics is a 
metaphor. Our physical models are 
products of our imagination. The poet 
uses the metaphor to suggest a 
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likeness between two different things 
and he has the pretense to use the 
words or images as if they were the 
same thing. The metaphor is creative 
in the sense that it draws together two 
concepts that previously held nothing 
in common. The poet has his way to 
describe reality. Physicists, too, are 
poets. The engage in creation with the 
use of metaphors as well. They create 
the scientific language, and also have 
the pretense to use these expressions 
as if they were the same as reality. 
They never quite capture it all, but 
they, just like the poet, give us a more 
meaningful and beautiful view of the 
universe in which we live. A 

Sources: 
Jacob Bronowski, The origins of Knowledge and 
Imagination, Ch. 3-4, Yale University Press, 1978. 
Roger S. Jones, Physics as Metaphor, 
Introduction, et.al., University of Minnesota Press, 
1982. 
Thomas S. Kuhn, The Essential Tension, 
"Objectivity, Value Judgement and Theory 
Choice," Ch. 13, University of Chicago Press, 
1977. 

The Babylonians developed a series 
of advanced quadratic equations 
centuries before the birth of Christ 

Source: Fascinating Facts, Davod 
louis, Crown Publishers, Inc., 1977. 

At Kink.o's, we're now offering a complete large 
document copying service. Reductions, 
enlargements, vellum copies and blueprints. For a 
free brochure and coupon, or just a little chat about 
big copies, call 379-3983. 

Kink.o's. We've always got your size. 

ml 

I 
stadium village 

612 Washington Ave. S.E. 
379-2452 

II 

I 

Please call 379-3983-for free brochure and coupon. 
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Kirk Nelson 

Editors Note: What follows has been brought to you by a band 
of dedicated individuals whose sense of adventure rivals the ordinary. 
Their quest to inform the would-be engineering populace has led them 
to the offices of the Professional Engineers Association to 'procure' 
a corrected copy of their current certification test. Due to 
inadequate lighting and inherent time constraints these individuals 
were unable to 'acquire' the test in its entirety. The portion they 
obtained has been placed below for your edification. 

PAGE14 

SECTION 13 
The following section tests your knowledge of common acronyms 
and their prevalent meaning in engineering. For each acronym listed below, 
choose its most correct usage and completely fill in the dot 
corresponding to the question on your computer card. 

194. COP 
A. Capsule Observation Panel 
B .. Coherent Optical Processor 
C. Chief of Police 
D. Coefficient of Performance 
E. Change of Plaster 

( C ) While all of the other answers have engineering and home 
economics uses, the answer Chief of Police is best Definition from the 
Happy Engineers Handbook; Chief of Police: The way you treat all of your 
supervisors and the police officer who pulls you over after you've 
already had two violations. 

195. PCI 
A. Portable Compass Indicator 
B. Possible Criminal Informant 
C. Potato Chip Institute 
D. Prospectors Club International 
E. Pre-Counseling Inventory 

( B) This is what beginning engineers on cost contract projects should 
avoid resembling and who senior engineers on such projects should be 
wary of. 
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196. HA 
A. High Altitude 
B. Hour Angle 
C. Housing Assistance 
D. Hot Air 
E. None of the Above 

( D) All the other answers have obvious engineering applications but 
the term Hot Air is particularly important From Manic Meetings for 
Engineers: Hot Air: What you exhale while giving your report; also what 
others are blowing during their presentations. 

197. NAPS 
A. Night Aerial Photographic System 
B. Nimbus Automatic Programming System 
C. Nonspecific Air Pollution Syndrome 
D. National Auxiliary Publications Service 
E. None of the Above 

( E) NAPS are what professional engineers do not take. For the 
non-professional engineer we suggest locking your door, taking the 
phone off the hook, and arranging for your secretary to knock loudly 
if something important comes up. 

198. NASA 
A. North American Securities Administration Association 
B. National Aeronautics and Space Administration 
C. National Association of Synagogue Administration 
D. Not Another Silly Answer 
E. None of the Above 

( 8) A gimme. Attention proctors: any potential engineer seen missing 
this question should be dealt a sharp blow to the cranium and his/her 
test sent to this association for ridicule. 

Motto of Professional Engineers Association: "Be a PEA Brain" 

by Conrad Teves 

:JUST LOOJ< WHAT MATH-B-GON 
HAS PONt: FOR THOUSANDS 
OF .5.AT15Ft£D CU5TOM£J<S( 

MATH-13-GON CHANGF:D MY 
LIF£! I DON'T THINK I'LL 
£'1£R BE HAfPJ£R! 

AM-\~<:.Hl. ~ 

30 Minnesota Technolog Winter I, 1987 



Telescope from 21 

skilled in raising money. They hope to 
get up to 50% from a University 
partner. 

Many telescopes are funded and used 
by more that one group, and the 
U of M may share with another 
university or college. The Astronomy 
Dept. has created the Alliance for 
Construction of Telescopes (ACT) 
made up of astronomy departments 
from the U of M, U of Wisconsin, 
U of Indiana, Michigan State, U of 
New Mexico, New Mexico Tech, U of 
Virginia, and others. ACT hopes that 
by sharing technology and even sites, 
more efficient use of time and money 
could be found while building and 
using the telescopes. A partner for the 
University could come from ACT, and 
the final site might have telescopes 
from other Universities in the ACT. 

The advantages of 
havi mult le 
telescopes on one 
site are enormous .. 

The advantages of having multiple 
telescopes on one site are enormous. 
Besides reduced costs from using the 
same support facilities, the 
astronomical advantages are 
important to consider. In the past, 
when astronomers wanted to look at a 
stellar object at the same time in 
different ways (for example, in visible 
light and infrared light), they had to 
hope the weather was the same at all 
the different sites involved since more 
than one telescope would be 
required. If there were a few 
telescopes at the same site, they 
would be able to work at the same 
time with much less technical and 
administrative problems. 

A second technical advantage is 
found when all the telescopes look at 
the same object in the same light 
wavelength. This method increases 
the total light gathering power of the 
telescopes. For instance, four 140 
inch telescopes pointed at the same 
object have the equivalent light 

gathering power of a 280 inch 
telescope, because they have the 
same mirror surface area as the larger 
scope. 

The department wants to build the 
telescope using "home-grown" 
technology. In other words, they want 
to make use of the Technology 
Corridor that has begun near the west 
bank. Hopefully, local businesses can 
be convinced that the added media 
attention that the U of M will receive 
with this telescope will rub off on 
them. 

Once the telescope is built, the 
Astronomy Dept. will be ready to use it 
to study some of the major questions 
in modern astronomy. Some of the 
projects include: Star formation, 
hydrogen gas emissions, galaxy 
interactions, novae and supernovas, 
supersonic gas flow from stars, 
convection in stars, red giants, 
quasars, temperature structure of gas 
in galaxies, and many others. 

Hopefully, the new telescope will 
bring the University of Minnesota into 
the forefront of astronomy and lead 
the country into new exploration and 

new frontiers, boldly going " ... where 
no (one) has gone before ... " A 

When glass breaks, the cracks move 
faster than 3,000 miles per hour. To 
photograph the event, a camera must 
shoot at a millionth of a second. 

The tip of a cracking whip moves 
faster than the speed of sound, 
sometimes reaching 760 miles per 
hour. 

If at the birth of Christ, someone 
began to spend a dollar every second 
and continued spending up to 1977, 
that person would not yet have spent 
$62 billion. 

Mozart wrote the opera Don Giovanni 
at one sitting. It was played without 
rehearsal the day after it was written. 

Source: Fascinating Facts, David 
louis, Crown Publishers, Inc., 1977. 

Scientific calculators 
that have no equal. 

Engineers, mathematicians, scientists, researchers 
get more built-in calculating power with Hewlett
Packard scientific calculators. Matrices, integration, 
2-variable statistics and other complex calculations are 
handled quickly and accurately. This means more time 
for you to attend to the really important demands of 
your job. 

Get your HP scientific calculator- W'j,""jll HEWLETT 

from a dealer who has no equal! ~r.a PACKARD 

ELS 
RIDGEDALE $ ROSEDALE @ BURNSVIllE CENTER 
MIDWAY e NORTHTOWN@ U. OF M:-DINKYTOWN 



Science Fiction Contest 
Rule~: The conte~t is open to all registered Uniuersity of Minnesota students of 
amoteur status (persons neuer hauing published a work of fiction for monetary 
payment), e»-«cept Technolog staff and I.T. Board of Publication members past or 
present. Entries are to be typed, double-spoced, with one inch m~:u·gins on 8.5 H 11 
paper and be no longer than 3500 words. Each entry must be accompanied by three 
photocopies of the manuscript and must bear an attached couer page with the story 
title, author name, home address, and phone number. DON'T PUT AUTHOR'S NRME 
RNYWHERE ELSE ON THE MRNUSCR IPT ! Minnesota Techno log retains the first publication 
rights to all winning manuscripts. If you haue any questions, call 624-9816. 

DEIIDLINE: February 9th, 1987 

1ll Prize: $75a00 
2nd Prize: $50a00 
3rd Prize: $25e00 

Be a port 
of tradition ot the Minnesota Technolog .. 
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Lisa Dickson does! She's helping 
GE create tomorrow's robot sys
tems. With "smart" robots that can 
actually see, touch, and sense heat 
or cold. 'Adaptive" robots that can 
measure how well they're doing a 
job, or reprogram themselves in 
moments to take on new 
assignments. 

Sound like sci fi? It's as close as 
your first career move. Because at 
GE, we're already using robots like 
these, for jobs that require decision 
as much as precision. 

When GE adds vision capability to 
lasers and off line programming, 
robotics takes a giant leap forward. 
Just on the horizon are GE sight
equipped robots that guide 
themselves through intricate laser 
welding. What next? Tactile sensor 
pads to enhance GE robots with 
super-human dexterity And 
computer brains for "trouble
shooting" robots whose thought 
processes come close to human 
intuition! 

General Electric is an equal opportunity employer. 

If you're fascinated by robotics, the 
new frontier is happening at GE. 
We not only design, build and sell 
robotic systems- we're using them 
in bold, new ways. Robots are an 
integral part of GE manufacturing 
processes, for everything from 
lightbulbs to locomotives. 

So consider your future through 
the eyes of today's most exciting 
technologies. If you're that rare 
individual whose excellence is 
driven by the power of imagination, 
you'll find room with a view at GE. 

:$) A registered trademark of General Electric Company. 



I i t r ' 1 

In ustrial 



®I vanctn T chnolo 
As technology advances, those committed to their future will succeed. 
These are people who view obstacles as challenges. To them, inno
\'ation is the master key that releases new ideas and methods. from 
themselves they demand only the best. And they hold the brightest 
futures. 

At NCR Comten, we seek out these people. People who will keep us 
going strong. \X'e're one of the leading designers, manufacturers and 
distributors of data communication processing systems. To successfully 
spread information worldwide, our products have to he the best. Our 
top-notch employees make them that way. 

If you are a University of Minnesota computer science or electri
cal engineerin.g major and you won't settle for less than the best, we 
may be able to help you. You can be at the front of our high tech push 
for excellence. You can \Vork hands-on with some of the most soph
isticated data communications processing systems available. You can 
join NCR Comten, a solid, state-of-the-art company full of challenge and 
opportunity. 

\Ve offer ongoing advancement potential, recognition for your exper
tise, an extensive compensation package and a chance to hold a bright 
future. If you'd like more information about career opportunities with 
NCR Comten, check with the Placement Office to see when we'll be on 
campus inter\'it'wing or send your resume to the address below. 

Personnel Dept. DL 373 
2700 Snelling Avenue North 
St. Paul, MN 55113 

An Equal Opportunity Employer 
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As the time for applying for summer or 
professional jobs approaches, you 
may be experiencing some 
apprehension about the whole 
process. The first step in reducing job 
apprehension is to write a resume. 
Employers use resumes to gain a 
general impression of you in order to 
determine whether an interview with 
you would be worthwhile.2 In other 
words, your resume needs to impress 
the socks off of your prospective 
employer. 

I looked through several business 
journals and found some handy tips 
for putting together a resume. A study 
done by Kevin L. Huthchison of St. 
Norbert College of the top 500 
organizations in the United States 

found the resume below to be ideal. 

Other studies have found the 
following: The resume should be one 
page in length. Categories in the 
resume should be rank ordered from 
most important to least important, not 
only down the page, but also within 
the categories on that page.2 Only 
include items which will facilitate 
obtaining an interview.2 Focus on 
Post High School education.2 Defer 
mention of your salary until the 
interview.4 Write in a business like 
tone. If you try to be cute it could 
backfire on you.3 Always use strong 
verbs in your sentences, words like 
initiated, organized, launched and 
conceived.5 Don't try to be more than 

1. Name, address and phone number 

2. Professional objective 

3. Educational qualifications 
a. Degree granting institution 
b. Degree received and dates 

4. Employment history 
a. Prior work experience 

i. nonrelated, summer, part-time experience 
b. Previous employers 
c. Job title and description 
d. Dates of employment 
e. Military experience 

5. General information 
a. Awards and dates received 
b. Membership in professional organizations 

6. Personal Information 
a. Personal requirements 
b. Hobbies, outside interests 
c. Any physical limitations 

you are; don't inflate your work 
record. If your GPA is mediocre, put it 
in an inconspicuous place and 
highlight your work experience.5 

Amplify your strong points. Include 
any physical limitations that may 
affect your job performance but don't 
include any information such as your 
height, weight, religion, race etc.2 

Definitely do not include a photo.3 
Someone might not like your looks. It 
appears that it makes little difference 
what color or typeface is used, but a 
small majority of interviewers favor 
white paper and serif type.1 

When you have finished, make 
absolutely certain all punctuation and 
spelling is correct.5 If necessary, hire 
a proofreader. The following is a list of 
commonly misspelled words, watch 
out for them: liaison, accommodate, 
commitment, develop, incompatible, 
occasion, separate and supersede. 

References should be excluded from 
the resume, but brought to the 
interview. Sixty-two percent of the 
employers in Hutchison's survey said 
they asked for references from 
professors and 79% asked for 
previous employment references. 
However, 63% said they checked 
professor references and 76% said 
they checked employment references. 

If you want to find out more about 
resumes, I suggest you go to Wilson 
Library and look through the Business 
Periodicals Index under the Resume 
heading. These articles will have 
bibliographies in the back that can 
lead you to even more articles or 
books. 

Resume to 14 
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by Andy Bowe 

Mike Servatius-Engineering 
Management, A Popular Alternative 

Mike has maintained a busy schedule 
this year; combining studies, a 
custodial job at an elementary school, 
and time with the Technolog. He was 
also involved with the Jazz and 
Ensemble bands for his first two years 
at the 'U.' Mike enjoys running, biking, 
playing racquetball, and reading 
Bloom County ana The Far Side 
cartoons. Mike hopes to get a job in 
business communications. 

Brian Doty-Teaching Old Industries 
New Tricks 

From ages two to sixteen, Brian lived 
four years in the Phillipines for every 
one year he spent in the U.S. He 
hopes to be able to teach overseas 
after attending graduate school. Most 
of his time is spent with his church, 
working at Sears Auto Center, and 
with his wife of one and a half years. 
He also enjoys lifting weights and 
running. 
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Renee Hanson-Cellular 
Manufacturing, An Industrial 
Revolution 

Renee is now working at Honeywell 
while she finishes her degree at the 
'U'. She plans to graduate this spring. 
Married in July, Renee finds the life 
"an adjustment." She has been with 
the Technolog since coming to the 
'U'. Camping, biking, and reading 
science fiction books are some of her 
interests. Herbert and Heinlein are her 
favorite science fiction authors. 

Beth Priem-Making Machines Fit 

Beth is from Appleton, Wisconsin, a 
town recently featured in the 
magazine Sports Illustrated. She 
found coming the the 'U' from a small 
town "quite an adjustment," but she 
enjoys the university life. A soccer 
enthusiast, Beth plays all year round. 
She now lives in New Brighton, and 
likes reading the cartoon The 
Neighborhood. 

Chi Hum Paik-Cellular 
Manufacturing, An Industrial 
Revolution 

Chi got involved with the Technolog 
this year, and currently is on the 
magazine's Board of Publications. He 
also works as a research assistant in 
the University chemistry labs, and also 
participates in intramural wrestling. 
Reading Star Trek novels and running 
are also some of Chi's interests. 

Amy Hylden-Dashe & Thomson, A 
Small Business Success Story 

This is Amy's first article in the 
Technolog. She currently works as an 
intern at NSP, writing for employee 
publications, and will graduate this 
spring. She enjoys downhill skiing, 
and went to Texas last year for Spring 
Break. Calvin & Hobbes is one of her 
favorite cartoons. 
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Statistical Process Control is emerging as one of the 
best methods for improving American industry in the 
areas of quality control, productivity and 
competitiveness~ a method born in our country 63 
years ago. 

by Brian Doty 

Bob's job as a quality assurance 
engineer is not taken very seriously at 
his company. The managers are often 
behind the proverbial eight-ball in 
production schedules and his pleas 
for improvement result in a short spurt 
of 100% final inspection. Of course 
this results in piles of scrap and 
rework items, not to mention frayed 
tempers, angry vice-presidents, and a 
reputation for his department that 
ranks somewhere between dysentery 
and warm Coke. Bob's scene is 
typical of most Quality Assurance 
Departments across America. 

Bob's reputation is not the only thing 
that suffers because of his 
perspective on quality. For the past 36 
years, the U.S. economy's 
productivity, efficiency and 
competitiveness has suffered. The 
good news is that there is a different 
doctrine being taught today which has 
been dramatically successful 
overseas and yet began in this 
country in 1924 -Statistical Process 
Control. 

Statistical Process Control (SPC) 
"employs statistical principles and 
methods which have been developed 
to assess the magnitude of 'chance 
cause variation', and to detect 
'assignable cause variation' "1 Or in 
the words of Kevin Akerlind, an SPC 
program manager at a local company, 
it is "an organized approach to 
problem solving." SPC allows people 
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to effectively use data in finding and 
solving problems in processes, 
services, materials, methods, and a 
host of other aspects of company 
operation. This is accomplished 
through the use of plotted control 
charts (sampled data plotted vs. time), 
and statistical interpretation of the 
charts. 

Consider a system in a manufacturing 
plant. This system will be most 
generally made up of five essential 
components, each having their own 
subcomponents. These include 1) 
Men (or Women), 2) Methods, 3) 
Machines, 4) Measurement (Design), 
and 5) Materials being used. Within 
the system a process involving the 
five components takes place to 
achieve an agreed upon goal. The 
resulting product is generally for sale 
to some specified consumer. 

Illustration by Brian Doty 

Because of the expectations 
consumers have about the per
formance, reliability, color, texture, 
size, etc. of this product, the producer 
must somehow quantify the ability of 
the process to achieve its goal. In 
other words, it must define some 
measure of quality. SPC will give an 
idea of the capability of a process in 
meeting these goals. It can also 
provide early warning signals of 
problems, as well as allow plant 
management to constantly change the 
system to improve the process. 

To apply SPC, the plant will have to 
state what the system, process and 
goals are. The next step is to take 
sampled data and plot it vs. time to 
form a time history chart. An example 
might be a system involving 5 
components: 2 men, 2 drill press 
machines, a steel plate of some size, a 
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method of drilling, and a 
measurement of the size of the hole. 
The process is to drill one hole in the 
center of the plate to some dimension 
with a given specification for 
tolerance. The goal of the process is 
to stay within the tolerances of the 
dimension. 

Suppose defects have remained at a 
constant 1 0% for 1 0 years without 
improvement, despite attempts to 
make sure workers are attentive to 
every detail of the process. Obviously, 
the scrap and rework costs are 
creating losses for the plant. The 
problem, though, is that everyone 
knows this without knowing how to go 
about solving it. 

Plotting the average hole diameter of 
a sample of some amount per hour 
per machine over one week will result 
in the chart shown in Figure Ia. 
Plotting a probability distribution of 
the data results in the bell curve 
graph of Figure lb, remarkably similar 
to the dreaded grade curve. The 3 
standard deviation limits of the graph 
are the capability limits of the process. 
In this case, the process may be said 
to be in statistical control. 

FIG 1o 
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Note that not a word has been said 
about specifications. These are 
meaningless when discussing the 
capability of a process since they are 
not connected with the system in any 
way except as a goal. Points outside 
the control limits are assignable 
variations or special causes which 
affect the process. These are usually 
traceable, and in this case may be 
such things as: material from a 
different vendor, a machine which 

.. 

was not adjusted properly at the start 
of a day, or new workers unfamiliar 
with the machine. Assignable 
variations can be handled by an 
operator for the most part, but he or 
she cannot reduce the spread 
between the control limits or decrease 
deviation from the desired product 

Reducing the system's variations must 
be done by management. However, 
everyone with some responsibility for 
the system must make a coordinated 
effort (i.e. through brainstorming 
sessions) in order to improve it. In the 
session they might find that the 1942 
vintage drill press machines cannot 
hold the desired accuracy. Then the 
solution would be to buy new 
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Illustration by Brian Doty 
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equipment. On the other hand, it may 
be discovered by further charting of 
the process that changing drill bit 
brands succeeds in reducing the 
variation. 

SPC turns out to be 
a complex and 
revolultionary 
procedure .. 

Though the example is simple, SPC 
turns out to be a complex and 
revolultionary procedure. William E. 
Deming recognized the far reaching 
implications of SPC and developed a 
philosophy for its application. In his 
words, "Efforts towards improvement 
of quality must be total."3 His 14 
points or guidelines have served as 
the basis of operation for many 
companies worldwide. 

1. Create constancy of purpose 
toward improvement of 
product and service, with a 
plan to become competitive 
and to stay in business. 
Decide whom top 
management is responsible to. 

2. Adopt the new philosophy. We 
are in a new economic age. 
We can no longer live with 
commonly accepted levels of 
delays, mistakes, defective 
materials, and defective 
workmanship. 

3. Cease dependence on mass 
inspection. Require, instead, 
statistical evidence that quality 
is built in, to eliminate need for 
inspection on a mass basis. 
Purchasing managers have a 
new job, and must learn it. 

4. End the practice of awarding 
business on the basis of price 
tag. Instead, depend on 
meaningful measures of 
quality, along with price. 
Eliminate suppliers that can 
not qualify with statistical 
evidence of quality. 

5. Find problems. It is 
management's job to work 



continually on the system 
(design, incoming materials, 
composition of material, 
maintenance, improvement of 
machine, training, supervision, 
retraining). 

6. Institute modern methods of 
training on the job. 

7. Institute modern methods of 
supervision of production 
workers. The responsibility of 
foremen must be changed 
from sheer numbers to quality. 
Improvement of quality will 
automatically improve 
productivity. Management 
must prepare to take 
immediate action on reports 
from foremen concerning 
barriers such as inherited 
defects, machines not 
maintained, poor tools and 
fuzzy operational definitions. 

8. Drive out fear so that everyone 
may work effectively for the 
company. 

fx-115 

9. 

10. 

11. 

12. 

13. 

14. 

Break down barriers between every day on the above 13 
departments. People in points. 
research, design, sales, and 
production must work as a Immediate proof of the success of this 
team to foresee problems of philosophy lies in the history af the 
production that may be Japanese economy. 
encountered with various 
materials and specifications. Four forces combined in 1950 to 

begin the dramatic growth. These 
Eliminate work standards that were the Japanese's: 
prescribe numerical quotas. 1) actively developing statisticians, 

Eliminate numerical goals, 
2) respected organization of Japanese 

Scientists and Engineers, JUSE 
posters, and slogans for the 3) teaching statistical techniques, and 
work force, asking for new 4) conferences with top management 
levels of productivity without in industry. 
providing methods. 

When Deming went to Japan on 
Institute a vigorous program of invitation in 1950, lectures on the 
education and re-training. application of statistics to industry 

were already being given. He served 
Remove barriers that stand as a foreign expert giving impetus for 
between the hourly worker change in industry as a whole by 
and his right to pride of teaching seminars. 
workmanship. 

Over 500 engineers received 
Create a structure in top preliminary education in the following 
management that will push 
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Edward Barnett 

by Susan Caldow 
He's a University lecturer, an 
industrial consultant, an episcopal 
priest and the father of six sons. He 
considers himself a renegade and 
loves his life as a teacher, priest and 
father. Lecturer Edward Barnett has 
been teaching in industrial 
engineering for six years. Before this, 
he worked full time at his consulting 
business, E. L. Barnett and Company, 
Inc. 

Barnett received a bachelor of 
mechanical engineering at 
Northwestern University, his master's 
in theology at Seabury Western 
Theological Seminary and has the 
coursework completed for a Ph.D in 
operations management. 

I reached a point in 
life where I wanted 
to share my 
experiences ...... 

After thirty years in the "real world," 
he came to the Universtiy to teach. "I 
reached a point in life where I wanted 
to share my experiences," said 
Barnett who puts these experiences 
into his lectures. Students find this 
practical information more interesting. 
What is learned in Barnett's 
classroom isn't just theory; he also 
believes it's important to expand on 
textbook information instead of simply 
repeating it in the lectures. 

Barnett doesn't use class notes while 
lecturing. He's been teaching his 
classes for so long that he knows the 
agenda. By not using notes, Barnett 
can interact with the students. "It's 
great to have eye contact," said 
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Barnett. He can tell if students 
understand the presentation and if 
more emphasis needs to be placed on 
a concept. 

Barnett enjoys his work and feels 
fortunate that he has done a variety of 
things in his life. "Sometimes I have so 
much fun, I feel guilty getting a 
paycheck," said Barnett. Currently he 
is teaching Accounting for Engineers 
and Management for Engineers 
through the National Technological 
University. This is a program which 

Photo by Gary lovelace 

uses closed-circuit TVs and a satellite 
so that students at the University and 
across the country have "live" acess 
to the same educational material. 

Barnett has recently begun research 
in cellular manufacturing. In the 
typical manufacturing plant, batches 
of parts are literally zig-zagged 
among different groups of machines 
as each operation is completed on the 
parts. Ninety-five percent of 
production time is idle. The batch sits 
at the machines for too long. The 
actual working time on the batch only 
accounts for 5% of the production 
time. 

Each group of machines is 
considered a cell and their utilization 
can be measured using the software 
program MCEL. Barnett is trying to 
find a way to analyze the whole plant, 
or a set of cells. By only looking at 
individual cells, the entire plant may 
suffer. Improving one cell doesn't 
ensure the improvement of the whole 
plant. 

The MCEL program needs to be 
converted so it can analyze the whole 
plant. The ultimate goal of this 
research is to decrease the working 
process and increase the thru-put 
time of the batches. 

As an advisor, Barnett enjoys helping 
students set up a unique elective 
program. He asks for their current, ten 
year, and long-term goals. The 24 
elective credits can bridge the gap 
between technology and 
management. 

I 'II work till I dropuJ 
hope to die with my 
boots on ..... 

Barnett has found that many 
engineering students return to school 
to learn management skills after 
working for six or seven years. These 
skills are necessary to perform well in 
a more administrative position. 
Sometimes these management skills 
can be attained through 
undergraduate courses, but many 
return to school to receive their 
master's degree. 

Barnett also emphasizes writing skills. 
He has seen engineers with good 
writing skills perform well on the job. 

Faculty to 20 
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Steve Orth 

by Kevin Cummings 

Although a University of Minnesota 
undergraduate alumnus, Steve Orth is 
still going to school here. His story is 
both convoluted and intriguing, and 
begins far from Minneapolis and the 
industrial engineering program he 
now inhabits. 

Born in Allentown, Pennsylvania in 
1961, Steve was raised in steel 
country until his family moved to 
Sioux City, Iowa when he was 13. 
Halfway through his high school 
years, his parents moved to 
Minneapolis, but he decided to stay in 
Iowa with the family of one of his 
friends. The day after graduation, he 
moved to Minneapolis. 

Steve chose to enter the University of 
Minnesota's College of Forestry to get 
a degree in forest products because 
he enjoyed the outdoors and the 
program at the University was one of 
the top two or three in the country. 
While completing his bachelor's 
degree, he took a number of classes 
in industrial engineering because his 
forestry major required some 
production management classes. One 

ushe enjoyed the 
outdoors the 
program at the 
University was one of 
the top two or three 
in the country .. 

of his instructors was Ed Barnett. 
Steve liked him and his class so much 
that he decided to continue in the 
independent study program. Later, he 
was a teaching assistant in one of 

Barnett's classes and finally began 
working for his consulting firm. 

Once Steve received his bachelor's 
degree, he wanted to enter the 
master's program in industrial 
engineering, but his grades almost 
prevented him from being allowed in. 
"I've shown the graduate program 
leaders that it was a good choice to 
let me pursue my master's here. I've 
done a lot better than my 
undergraduate grades would have 
suggested." In the summer of 1986, 
Steve received his degree, a master of 
science in industrial engineering. 

Steve describes the MSIE program as 
being different from other graduate 
schools. For one thing, there are very 
few required classes for the master's 
degree, you can take classes that you 
(and the graduate board) determine 
are the best for you to learn. During 
this time he first came up with one of 
his maxims for school; "Applying 
concepts to real world problems 
makes learning easier." Not a new 
idea, but usually difficult to carry out 
in a University setting. Not so for 
Steve Orth. 

During his senior year as an 
undergraduate, he began working for 
Barnett's consulting company. This 
company would be hired by 
manufacturing businesses to find 
ways to increase productivity and 
decrease costs, in other words, to use 
production management. Ed Barnett 
wanted to get out of the consulting 
business, so when Steve came along, 
Ed worked him into the smaller jobs to 
train him in. This was where Steve 
applied his schooling, and realized 
that the best way he could learn about 
industrial engineering was to work 
part-time as an engineering 
consultant and also pursue his 

master's degree. It reminds him of the 
commercial for the armed forces, but 
he applies it to anyone. "What can 
you offer an employer besides a 
college degree?" Steve thinks that 

Steve thinks that 
everyone should 
have internships and 
"real world" 
experience while 
they're in college .. 

everyone should have internships and 
"real world" experience while they're 
in college. 

His first big consulting job was at 
Durke Atwood in Redwing, a rubber 
products manufacturing company. 
The company wanted Ed's consulting 
firm to help them cut costs by 
analyzing indirect labor. 

"Direct labor in manufacturing is 
the people who work directly with 
the product or its parts, like 
assemblers, machinists, etc. 
Indirect laborers are the support 
people who keep the operation 
running, like material handlers, 
janitors and administrative 
personnel. In a manufacturing 
setting, you usually need all the 
direct laborers you have, but it's 
often possible to cut back on the 
indirect laborers to save money. 

Since the job at Durke Atwood looked 
like it might be too big for just Ed and 
Steve, Ed decided to appoint Steve as 
the project manager and hire three. 

Alumni to 24 
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Cellular manufacturing is a viable and efficient 
system that improves both production processes 
and the society for which it serves. 

by Renee Hanson and Chi Work 
Hum Paik 

History remembers Henry Ford 
because of his introduction of an 
assembly line that efficiently produced 
Model T cars quickly and cheaply. 
The challenge still exists though for 
engineers to design a factory system 
that produces merchandise at 
minimum cost in money and time. 
Furthermore, with the explosive 
developments in automation, a system 
design needs to be organized. One of 
the factory systems is cellular 
manufacturing. 

...... a eel rocess 
brings machines 
necessary for certain 
parts together .. 

A cell is a group of work stations used 
to produce parts. Cellular manu
facturing reduces labor by up to 50% 
in direct labor, change-over or set-up 
time (time required to get the 
machines ready to operate on a given 
part), and WIP (Work In Process) 
inventory costs. Like an assembly line, 
a cell process brings machines 
necessary for certain parts together. 
Different types of cells include: 

1) Pure flow through the cell: a linear 
flow system of the cell 

Work 

Stat1on 

2) Job shop cell: a more complex 
matrix organized flow for materials 
with many different jobs done 

Manufacturing involves the process of 
developing a raw material of 
unfinished product into a desired 
product with specific shape, size, and 
function. Presently this process is 
executed by a system composed of 
independent work-labor stations with 
different purpose such as welding, 
grinding, shaping, forming, moling, 
etc. A typical factory with old designs 
"is a great time waster," commented 
Ed Barnett from Department of the 
Industrial Engineering at the 
University of Minnesota. A material 
can go through one to two operations 
per week in these factories. Cellular 
Manufacturing is an efficient system 
which allows a material to go through 
the different operations in one sweep 
with minimal or no waiting time. By 
saving time and thus money, the pro-

1) l1near Flow CeH 

2) Job Shop Cell 

Illustration by Chi Hum Paik 

duction economics will improve. With 
better production, there can be better 
quality of materials offered to 
consumers at a lower price. 

The main advantage according to 
Barnett is that, "cellular manufacturing 
is a prequisite for CAD/CAM 
(Computer-Aided Design and 
Manufacturing) and just-in-time 
manufacturing*." For perfect 
automation, he explains, designers 
need to go to the cell first. Cellular 
manufacturing will lay out a 
foundation for automated factories. 
The cell-designers carefully lay out 
the system composed of different 
work stations to organize an efficient 
system which produces materials in 
the factory. Without cellular 
manufacturing, the computer-aided 
automations or other similar 
technologies will have no basic 
layout, and will result in chaos. "It may 
be sometimes a [sophisticated] chaos, 
but still a chaos," Barnett commented. 

Illustration by Chi Hum Paik 

* Just-in-Time (JIT): having a network 
of many factories each doing one 
specific funtion (e.g. drilling); this 
method has no inventory (stock-pile) 
of material waiting between one job 
done to another. 
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Invented in Russia in the late 1940's, 
cellular manufacturing is primarily 
used by metal-working companies. 
Other applications include: wood
working, plastics, and electronics. 
Presently, the manufacturing plants 
are in a trainsition period from the old 
factory designs to ones using the 
cells. About one-third of companies in 
Minnesota (250) have and are using 
cells. Cellular manufacturing will 
strengthen United States industries 
against strong competition from the 
Japanese industry. 

Along with progress in the use of 
cells, different research is in progress 
to improve tools and machinery, cell 
design, and computer software for 
automation algorithms. Cellular 
manufacturing uses automation, 
which requires a knowledge of 
computers (e.g. artificial intelligence). 

The SME (Society of Mechanical 
Engineers) recently held the first 
national seminar on the subject of 
Computer Integrated Manufacturing 
(CIM). CIM-Consortium has been 
organized to carry out research in 
designing and evaluating cells. The 
consortium includes Onan, Drake, 
Taro, Control Data and Honeywell. 
One of the experiments uses a 
computer simulation to evaluate the 
different designs of the cells. This 
experiment can include up to 500 
cells (producing 50,000 parts). 

Just-in-time cell 

Single purpose cell 

The challenge lies, however, in 
interpreting this "micro" -scale 
experiment of the cell to a "macro"
scale. Engineers can concentrate on 
one cell, but they also need to take 
into account the rest of the plant. 
Present research efforts involving 
cellular manufacturing at the 
University of Minnesota are 
conducted by Professor Pat Starr 
from the Department of Mechanical 
Engineering, and include three 
graduate students and two 
undergraduate students participating 

Photo by Renee Hanson 

Photo by Renee Hanson 

in the Undergraduate Research 
Opportunity Program. Many research 
positions are still open for 
undergraduate students, especially 
industrial engineering students. The 
school also offers a four credit course 
on cellular manufacturing. 

One of the Minnesota companies 
utilizing the power of cellular 
manufacturing is the Continental 
Hydraulics Division in Savage. 

Continental is a machine tool 
manufacturing company. "In 1980 
[we] went through facilities 
expansions and separated hydraulics 
from machine tools," according to Jim 
Parkin, plant manager of the 
Continental Hydraulics Division. 
Before the expansion was 
undertaken, the company identified 
groups of parts from the hydraulics 
division that could be used in cellular 
manufacturing. 

Continental developed their cells 
independent of anyone and without 
the aid of research in the field of 
cellular manufacturing. Now that the 
company has had 5 to 6 years 
experience in the area of cells, they 
are going through a second 
generation plant design to enhance 
cellular manufacturing. 

Parkin said that the larger number of 
pieces per order (average of 200 

Cell to 25 
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A DISCRETE LEAP 

by Pete Pecsi 

The theory of quantum jumps in 
physics, though established, has 
remained as yet unproven. But 
university physicist George Greenlees 
has found the first strong direct 
evidence for these jumps with an 
apparatus designed to look for atoms 
from the birth of the universe. 

With former graduate student Micheal 
Finn and David A. Lewis of Iowa State 
University, Greenlees used his 
apparatus to observe single neutral 
barium atoms in a laser beam. The 
key to Greenlees' success lies in the 
barium atoms structure. Its electrons 
can occupy one of three energy 
levels, the ground state, the 
intermediate state, or the excited 
state. When energized by a laser 
beam, a barium electron can jump all 
the way from ground to excited state. 
When the electron is excited, it gives 
off its energy in the form of a photon 
of light of discrete energy (and thus 
frequency) and is capable of 
repeating this procedure 100 million 
times a second. This results in a 
steady flow of fluorescent light. The 
excited electron can also drop down 
to the intermediate level but stays 
there for a second or longer, thus 
ceasing the flow of light. 

Looking at a large barium sample first, 
Greenlees observed the total 
fluorescence dim in the span of 
several millionths of a second after 
the sample was heated and passed 
through a laser beam. According to 
Greenlees, there were two 
possibilities. First, it was possible that 
all the atoms were dimming together, 
spending less and less time in the 
excited state, having no clear choice 
of energy level. Second, it was 
possible that more and more atoms 
made a move to the intermediate 
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levels and stayed there, exhibiting a 
clear choice of energy level. 

Greenlees' answer came in 
observation of single barium atoms in 
the laser beam. When observed for a 
few millionths of a second, there was 
no dimming, just a steady glow: thus 
ruling out the first possibility and 
giving evidence to the quantum jump 
theory. 

Dr. Greenlees has described his work 
in the November, 1986 issue of the 
journal Optics Communications. 
Other research being done in 
Washington State, Hamburg, 
Germany, and the National Bureau of 
Standards in Boulder Colorado with 
electrically charged barium atoms 
(called barium ions) have also 
produced evidence for the quantum 
jump theory. 

Source, Deane Morrison 
University News Service 

Illustration by Greg ley 

Safer Helicopters 
by Mark Werner 

At first thought, helicopter crashes 
may seem to be a certain death thing, 
but aircraft designers are trying to 
raise the probability of survival in 

them. The American Society of 
Mechanical Engineers reports that the 
type of crash being studied is a mostly 
vertical crash with minimal forward 
motion. Researchers have found that 
the most common crashes take place 
on soft ground, the second most 
common on water and the third most 
common into trees. To protect 
passengers in a crash, the cabin must 
remain intact and the floor must 
remain undamaged. The rest of the 
helicopter body must break away 
including the 1,000 pound rotor and 
transmission on the roof. If the rotor 
were to fall through the roof, it would 
kill the passengers. Researchers have 
constructed landing gear which 
crushes and deforms, absorbing some 
of the impact. They have 
also used a metal structure and a 
composite structure in the sub-floor, 
both have been successful in 
preventing floor buckling. The final 
crash resistant systems is in the seats. 
They are designed to compress 
downward and absorb the impact, to 
protect the spine while at the same 
time remain attached to the floor so 
the passengers will not be thrown 
from the cabin. All of these new 
energy absorbing systems must not 
add additional weight to the aircraft. 
Although these energy absorbing 
systems are not currently in use, 
helicopter manufacturers have them 
ready for installation and plan to 
include them in their next generation 
of aircraft. 

Source: ASME News Release 

The Propfan 
by Mark Werner 

Presently, a new propulsion system 
for aircraft has been getting some 
attention. The propfan is the new kid 
on the block in aviation circles. It has 
blades like a propeller, but the 

Propfan to 25 
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The reasonable man adapts to the worldm 
The unreasonable man tries to adapt the world to himselt 
Therefore, all progress comes from unreasonable mena 

by Elizabeth Priem 

The need for ergonomics technology 
started with the industrial revolution. 
Before the industrial revolution, there 
was no product standardization, 
everything was hand made by 
craftsmen. After the development of 
the assembly line and inter
changeable parts, the need for 
industrial technology grew. This new 
technology aimed at increased 
productivity in order to serve a rapidly 
expanding population of consumers. 
The field of ergonomics came into 
being to find a way to help an 
operator work smarter rather than 
harder: one obvious benefit of this 
was increased productivity. 

Ergonomics can be 
described as making 
the machine fit the 
worker .. 

Ergonomics can be described as 
making the machine fit the worker. In 
other words, designing the workplace 
with the worker in mind. Using the 
principles from biomechanics (study 
of the mechanics of the body) and 
anthropometry (study of human body 
measurements on a comparative 
basis), a workstation should be 
designed to adjust to an individual's 
body proportions, to take into account 
the operator's physical abilities and to 
not require the worker to use injurious 
forces on the job. 

Safety issues are very important in 
ergonomics. The level of toxins in the 
work environment as well as the 
auditory and illumination levels must 
be carefully monitored. Standards for 
most safety issues in the workplace 

-GaB. Shaw 

are set by the Occupational Safety 
and Health Act (OSHA). It is from 
these guidelines that the ergonomics 
engineer begins to design the 
workplace. 

The best way to illustrate what 
ergonomics is all about is to analyze 
the types of questions that must be 
addressed in order to begin designing 
a control panel layout. If an engineer 
was designing the control panel for a 
crane, he or she might ask: how big 
should the control panel be in order to 
allow maximum visibility from the 
cabin? What type of dials and displays 
should be used? What color should 
the instruments be? What color 

A typical control panel layout 

should the background be? Should 
the instruments be coded? Should 
auditory alarms be included as safety 
mechanisms? Where do you put all 
the instruments? In what order? What 
do you do if there are more 
instruments than there is panel 
space? These are but a few questions 
that an ergonomics engineer must 
answer before a control panel layout 
design can begin. 

In general, most of the underlying 
principles of ergonomics are common 
sense. In fact, some principles seem 
so obvious, yet are ignored in industry 
everyday. It is only when the design 
engineers realize that every machine 
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has an operator that machines will 
become safer and easier to use. In 
turn, this means that there will be 
fewer accidents on the job and higher 
productivity, all because an engineer 
has an ergonomics point of view. 

Tarald 0. Kvalseth, a professor in the 
mechanical engineering department, 
has conducted many research 
projects in the field of ergonomics. He 
specializes in the study of an 
operator's work abilities and how the 
proper design of the work 
environment can make the most out of 
an operator's liabilities. 

For example, his current research on 
improving the measurement of human 
performance involves variables that 
are categorical, such as agree, 
disagree, or no opinion, rather than 
continuous variables, such as time or 
speed. These categorical variables 
include nominal (no order) and ordinal 
(ordered restriction) type of variables. 
Such variables occur in numerous 
human work tasks. These methods of 
measuring human performance can 
also be used in survey research, such 
as in the structure and interpretation 
of questionaires. Dr. Kvalseth expects 
to publish a paper soon about the 
association between nominal and 
ordinal variables. 

Another area of research that Dr. 
Kvalseth is pursuing involves 
measuring the amount and rate of 
information that humans are able to 
handle at one time. This subject is 
relevant to the design of man
machine interfaces. His aim is to 
precisely quantify the variables 
involved in the design of a control 
panel. 

For many years, Dr. Kvalseth has 
investigated how humans distribute 
their attention between different 
sources of information, such as in the 
operation of a complex control panel. 
He uses decision theory as well as the 
measures from information theory to 
conduct his research. Information 
theory is the measurement of 
information limited to situations 
characterized by the probabilities of 
various events occurring. The goal of 
this research is to generalize 
measures to include utilities 
associated with gathered information. 
This research data would simplify the 
design of complex man-machine 
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interfaces where there is more than 
one instrument that an operator must 
pay attention to. 

Dr. Kvalseth has also conducted 
extensive research in the area of 
human motor control. His research is 
trying to develop mathematical 
models to describe the relationship 
between speed and accuracy 
tradeoffs involved in manipulative 
motor responses such as those 
required in industrial assembly work. 
Dr. Kvalseth is also investigating the 
task components involving an 
operator's choices between 
alternative decisions prior to the 
execution of his or her motor 
responses. This data could aid in the 
design of a workstation. For example, 
if a certain level of accuracy was 
needed for a task, the speed of the 
machine could be set on the basis of 
Dr. Kvalseth's experimental data. 

Another research project that Dr. 
Kvalseth is involved with utilizes 
analytical and experimental methods 
of decision making in order to model 
an operator's decision process. His 
models of motor responses and 
decisions may be useful because 
various parameters of these simple 
models may serve as indicators of the 
effect of various work conditions on a 
worker's performance. 

The mechanical engineering 
department is not the only place that 
ergonomics research is being done. 
Assistant Professor Charles McJilton 
in the environmental health 
department is conducting research on 
the effect of contaminants in the work 
environment on the operator's health. 
One of his current projects is on the 
measurement of silicon levels that a 
miner is exposed to while working in 
a taconite mine. He takes many air 
samples at various times during the 
day in the mine to check the silicon 
levels. 

The level of exposure to pesticides for 
orchard workers is another of 
McJilton's air sampling projects. His 
research is paying special attention to 
the short term, high level exposure 
risks of the handlers and inspectors in 
an orchard. 

Professor McJilton is also conducting 
a long term study of the effects of 
asbestos on labortory rats. The rats 

are exposed to a known quantity of 
asbestos, and then observed for nine 
months. The aim of the research is to 
find out how quickly the rats can rid 
their bodies of asbestos. 

Yet another project of Professor 
McJilton's is the study of the effects of 
lead exposure in radiator repairmen. 
The exposure levels are measured by 
taking blood samples of the workers 
in various repair shops in the Twin 
Cities area. The data will then be used 
to compare the measured air 
concentrations to the blood level 
concentrations. If necessary, new 
designs of ventilation systems as well 
as other engineering solutions will be 
implemented to rectify any problems. 

Ergonomics is a vibrant and growing 
field of study. As our society's need 
for increased productivity continues, 
the need for operators to work 
smarter than harder will also increase. 
The research that the University is 
now conducting will someday make 
the workplace more efficient and safer 
for everyone. A 

Resume from 3 

Good luck on your job hunt. The 
pickings are slim, but if you have a 
sharp resume, you will have an extra 
edge that may be all you need. A 

Mark Werner 
Editor 
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by Renee Hanson 

The Inventor's Handbook, Robert 
Park, Beterway Publications, Inc., 
White Hall Virginia, 1986, paperback, 
pp. 143, $8.95. 

Robert Park has produced a book, 
The Inventor's Handbook, billed as the 
definitive for would-be inventors. The 
subtitle of this book is How To 
Develop, Protect and Market Your 
Invention. 

Although this book is designed for an 
inventor who will form a company 
around the invention, there are some 
helpful hints for inventors who won't 
take the product to the stages the 
author will. 

In the introduction, the author says, "If 
necessity is the mother of invention, 
then invention most certainly is the 
patron of freedom." The author shows 
his support for capitalism and his 
book is filled with philosophical 
discussions, most of which pertain to 
the subject at hand. This book, how
ever, is not an instruction manual on 
how to market an idea. Value politics 
play an important part in the process 
of invention and Robert Park does not 
ignore the disccussion of them in his 
book. 

Park goes on to examine some of the 
processes that inventors must pursue 
to develop their ideas. One of the first 
steps involves discovering what the 
idea is. Next, Park asks "Does the 
idea grow in potential and usefulness 
with intense examination? Or does its 
value decrease, the deeper you 
examine it?" If the idea's value 
decreases upon intense examination, 
it may not be a marketable idea and 
not worth the inventor's time. 

Park also examines the three things 
necessary to make a successful 
product. These include the original 
idea, the technology to make the idea 

m 
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real and a culture ready to accept the 
product. Without these three things, a 
marketable product will be impossible 
to produce. 

The author mentions that at the 
prototype stage, the inventor can 
demonstrate functionality, determine 
manufacturing requirements and have 
a good product example for sales 
solicitations. 

In addition to all the steps like 
patenting the invention or obtaining 
trademarks and copyrights, the 
inventor must have a good attitude 
and outlook as well as self-discipline 
and sense of self worth to be 
successful. 

The Inventor's Handbook is a very 
thorough discussion of things 
necessary for inventions, patents, and 
company formations. However, many 
engineers and scientists will not be 
able to participate in much of the 
process because of employment 
agreements with many companies. 
The standard employment agreement 
allows the company to obtain patent 
rights to almost anything the 
employee dreams up whether on 
company time or not. 

The one moral this book should bring 
up is: if you have dreams of being an 
inventor, read the fine print before you 
sign. A 
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The natural shift of engineers from a technical job to 
a management job later in their careers has 
prompted universities to develop engineering 
management programs at the graduate and 
undergraduate leveL 

by Mike Servatius 

As a student of an engineering 
discipline you are most likely 
preparing for a career as a 
professional engineer. However, it is 
possible that you may not remain in 
that capacity for your entire career. 
After working with a firm for several 
years you may be presented with the 
opportunity to enter a technical 
management position. 

A study of engineers' responsibilities 
reveals some interesting data. Until 
they are 30 years old, engineers are 
concerned primarily with duties of a 
technical nature. Between the ages 30 
and 35, they work mostly as team 
leaders. From ages 35 to 40 they are 
usually project managers, and after 
age 40 most engineers enter higher 
levels of management.3 While many 
engineers prefer to strictly remain an 
engineer, there are many 
opportunities for advancement in the 
engineering management field for 
those who wish to pursue them. 

...... there are many 
opportunities for 
advancement in the 
engineering 
management field"'"" 

Entering an engineering management 
position can be a difficult move for 
young engineers. As engineers, they 
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are usually concerned with such 
things as problems in design and 
materials. When they make the move 
into a management position they will 
be required to use their decision 
making skills in areas such as 
financial, legal, management and 
human problems. These are fields in 
which engineers are not usually 
trained.3 

The concept of engineering 
management may be thought of or 
defined in different ways by different 
people depending on their goals and 
objectives. As an academic discipline, 
however, engineering management 
may be precisely defined. According 
to John Fraker, Director of the 
Graduate Program in Engineering 
Management at the University of 
Dayton, "We are not concerned here 
with industrial engineering, 
management engineering, or 
management science programs; we 
are concerned with the management 
of engineering, not the engineering of 
management.2 

In order to meet the increasing 
demand for engineering management, 
many universities are developing 
special programs for people 
interested in becoming engineering 
managers. Programs exist at both the 
graduate and undergraduate levels of 
education. 

The Engineering Management 
Program at the University of 
Pittsburgh serves as a good example 
of a graduate program in engineering 
management. Dr. Dundar Kocaoglu, 

t 

coordinator of the program describes 
it as follows: 

The University of Pittsburgh 
initiated the Engineering 
Management Program (EMP) in 
1975 with 46 students. The 
enrollment has steadily grown 
since then and stabilized at 
approximately 100. It is a part-

The applicant is 
e uated with 
respect to both 
engineering skills 
and management 
potentiaLu 

time program for engineers and 
scientists with a minimum 
previous academic average of 3.0 
based on A=4.0 and a minimum 
engineering experience of three 
years. The applicant is evaluated 
with respect to both engineering 
skills and management potential 
for admission to the program. 
EMP leads to an M.S. in industrial 
engineering with an engineering 
management option. The average 
student is 32 years old with a B.S. 
in an engineering or science field 
and has worked for 8.5 years in a 
technology-based organization. 
The age interval of the students is 
25-40; the experience ranges 

Manage to 26 
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Two former composition instructors, fed up with 
trying to teach us to write, left the University and 
started their own lucrative technical writing 
business. 

by Amy Hylden 

It's 8:45 by the time Marilyn Dashe 
reaches her office at 322 Groveland 
Ave. Hers is not an average office 
space, but Dashe & Thomson Writing 
Consultants isn't an average small 
business. Dashe and her partner, 
Jean Thomson, are former University 
graduate students in English who are 
building a business by advocating the 
value of clear and concise writing. 

Dashe, of course, does more than 
simply advocate. From the time the 
last of her three children boards his 
bus at 8:30 until she gets home at 
5:30, her day is full of arranging 
contracts, coaching writers and 
leading seminars, all in the name of 
better business communications. 

The company's official title is Writing 
Consultants, and if that title was 
expanded to all that it entails, the title 
would be Writers of Technical 
Reports, Newsletters, User 
Documentation, Annual Reports, 
Computer Language Analysis and 
Operations Manuals. Dashe & 
Thomson also teach effective writing 
courses. 

Their renovated office in the Loring 
Park area of Minneapolis is a large 
old house from the neighborhood's 
less-populated days. The lobby, 
formerly a living room, is neatly 
stacked with business magazines 
from Successful Meetings to 
Corporate Report Minnesota. 

The secretary's desk, a three-sided 
conglomeration of books, papers and 
phone messages, fits comfortably into 
the reception area. The walls are lined 
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with prints of Van Gogh and a woman 
artist's exhibition. Dark woodwork 
frames the entryway to the dining 
room, which now houses the copy 
machines. 

The walls are cleanly painted and the 
carpet is new and cushy. A traditional 
office cubicle is unimaginable in this 
office building. And that's just the way 
Dashe & Thomson want it. 

Dashe enters the lobby through the 
French doors that enclose the writing 
manager's office. She neither bubbles 
with energy nor plods with boredom. 
She apologizes for delaying the 
interview as she steps into an 
employee's office to clear up a 
problem. 

She appears moments later, ready to 
begin the interview. Her black hair 
curls out of her head in all directions 
and ends at a slightly rumpled blazer. 
Confidence overrides any hint of 
frenzy her appearance might give. 

The executive offices are upstairs in 
sun-drenched rooms. Several writers 
also work upstairs in offices that were 
once bedrooms. "We love it this way," 
Dashe says. 

"It takes a certain kind of person to 
enjoy this type of business. The 
people who work for us aren't the 
kind who long for a 20th-floor office in 
the Pillsbury Center." 

Dashe and Thomson met while they 
were working toward their masters' at 
the University of Minnesota. Both 
were teaching assistants struggling to 
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The people who 
work for us aren't the 
kind wh long for a 
20th ... floor office in 
the Pillsbury Center§ 

interest students in composition. "We 
wanted an audience who would 
appreciate us for a change," Dashe 
says. 

Motivated by that desire and the 
knowledge that they had little hope of 
becoming tenured English professors, 
they developed courses for business 
managers and their secretaries and 
offered them through the University's 
College of Continued Education and 
Extension and St. Thomas College's 
Management Center. 

Since the pair waded into the waters 
of small business six years ago, the 
writing seminars have become one of 
three areas the company deals in. 
They still teach the seminars at 
Minnesota and St. Thomas, as well as 
in-house seminars tailored to specific 
companies. 

Both Dashe and Thomson still teach 
courses at the University and St. 
Thomas, although Thomson handles 
the seminar aspect of the business. 
Both women are just short of finishing 
their master's degrees, but since they 
started in business, haven't had the 
time to finish them. 



Dashe & Thomson also has ventured 
into the realm of corporate 
publications. They provide writers and 
editors who publish internal and 
external communications for 
corporations. Dashe & Thomson 
currently writes newsletters and the 
annual report for the Val spar 
Corporation, a Minneapolis paint 
company. 

But the bulk of Dashe & Thomson's 
revenues-about 80 percent-comes 
from writing computer documentation. 
The company writes user manuals, 
programmer guides and other 
computer-related documents. They 
contract the work out to a stable of 
technical writers. 

When Stearns Computer Systems 
Corporation, a local computer 
company, needed all types of 
documentation for its new line of 
computers, Dashe & Thomson wrote 
everything from the user's manual to 
the documentation for WordStar. 
Stearns in turn gave them a good deal 
on a computer system, Dashe says. 

The company is always looking for a 
few good technical writers. One 
Dashe & Thomson customer needed 
a programmer/writer to analyze an 
obscure code called RPG2 and write 
an overview and data flow analysis of 
the system. "It was tough, but we 
found the right person for the job," 
Dashe says. 
"The clients get picky about who does 
the work, so we really have to find the 
right person every time," she adds. 
About half of their documentation 
work is for new systems and about 
half is revising old documentation. 

3M is a big Dashe & Thomson client. 
"We have a standing contract with 3M 
that gives us hundreds of clients," 
Dashe says. Different research groups 
at the corporation call in writing 
consultants to explain engineering 
processes. 

Other Dashe & Thomson clients 
include Cenex, Control Data 
Corporation, Cray Research, Inc., 
Honeywell, Inc., and Rosemount, Inc. 

Many technical writers call them 
looking for work, but Dashe and 
Thomson also meet writers through 
the Society of Technical 

Communicators. "We're not big 
organization people, but we do need 
to network," Dashe says. 

The company employs about 35 
people, most of whom are writers. 
Eight of those work in the building. 
Dashe likes the flexibility of hiring 
independent contractors, but she 
sometimes has loyalty problems. 
"People don't always stick around 
when you want them to. Sometimes 
we want to hire a writer and find she's 
moved or doesn't want to work for us 
anymore," Dashe says. 

One job Dashe doesn't contract out is 
her family. She and her husband, 
Charlie, have three boys, ages 13, 
nine and six. "In a lot of ways it's 
easier to have kids when you have 
your own business. I have a lot of 
flexibility with my hours," she says. 

The Dashe family runs smoothly in 
part because Charlie, a doctor at 
Group Health, has a steady schedule 
to counterbalance Marilyn's varied 
one. The family can depend on when 
he'll be home, whereas her schedule 
is more uncertain. 

The Dashe's also run the family as 
equals. "We don't place my job over 
his job," she says. For example, if one 
of the kids gets sick, the couple looks 
at their schedules for the day. "Based 
on who has the more important 
meetings, the other one stays home." 

The whole family takes pride in 
Marilyn's work. "The kids have a great 
awareness that I'm the head of a 
company. My six-year-old was telling 
a family friend about a cat he got from 
one of the writers and referred to the 
man as 'my mother's employee'." 

And Dashe & Thomson has been 
an integral part of the family since the 
company began. When the two 
women started, they worked out of 
Thomson's study room. But that got 
too cramped, so they moved their 
offices to Dashe's third floor of the 
house. 

"Then it was really part of the family," 
Dashe says. "It really drove me crazy 
to know my work was always upstairs 
and unfinished." She estimates she 
worked about 60 hours a week then. 

Not only has Dashe cut her hours to 
40 or 50 a week, she's also learned to 
forget about the company every now 
and then. "As the company grows, it 
runs itself more and more. It wasn't 
until we moved to this office that I 
learned to forget while on vacation. 
Now I can go out of town for the 
weekend without calling Jean," she 
smiles. 

But Dashe hasn't completely 
abandoned her feelings of 
responsibility. "I do feel guilty if I'm 
late in the morning. Having your own 
company doesn't mean that you don't 
have to follow any rules. I go by the 
principle, 'if I can do it, you can do it.' 
And I really believe it's true." 

Dashe & Thomson the company has 
grown because of Dashe and 
Thomson the women. Although the 
two have different lifestyles-Dashe is 
married with children and Thomson 
isn't-they have the same values. 

"A partnership is like a marriage, and 
you have to agree on basic values to 
make it work," Dashe says. If, for 
example, one partner wants a 
cubicle-style office in the suburbs and 
the other wants a renovated urban 
house, the company will suffer. 

"Jean and I agree on things like that, 
though. We like the same restaurants, 
the same hotels and the same office 
space. And we've always been able to 
make decisions together. 

"I'm the one who picks at details, and 
Jean looks at the big picture. I tend to 
make decisions too quickly, and Jean 
tends to be too slow. So in areas 
where we differ, we balance each 
other," Dashe says. 

The partnership didn't start out as 
only Dashe & Thomson, though. While 
still developing the business writing 
courses as graduate students, Dash 
and Thomson originally worked with 
two men. "One dropped out after the 
first few meetings because it wasn't 
what he wanted," Dashe says. 

"The other man stuck with us through 
the first few months, but left. It was a 
power problem. 

"We also had employees who were 
too much like one or the other of us, 
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and that didn't work out either. It upset 
the balance," she adds. 

And the partnership works because 
Dashe and Thomson were business 
associates before they were friends. 
"We're great friends now, but when 
we started out, I didn't really know 
Jean." 

"We didn't realize it then, but neither 
Jean nor I wanted to work for 
someone else. We just knew we 
wanted to make this thing work." 

And work it has. Since the company's 
first seminar independent of the 
University in 1981, revenues have 
doubled three years straight, and 
increased 25 percent another year. 
Revenues this year should be close to 
$1 million. "Of course it took a couple 
years to get off the ground," she adds. 

Dashe & Thomson keeps growing, 
too. "The growth phase of this 
company makes this a very exciting 
place to work," says Jack Arnold, 
writing manager. "We just keep 
building." 

No one in the company, however, was 
willing to disclose just how much 
they're growing. "We don't need to let 
the competition know what we're up 
to," Dashe says. "I'd be just as happy 
if they thought we were small and 
insignificant." Century Design, Inc., a 
larger organization, is their main 
competitor. 

Arnold enjoys working with both 
Dashe and Thomson. "Often when 
you're male working for females, you 
have to show you're not part of the 
'Old Boys Network,' or that your 
supervi~or has proven herself as a 
businesswoman. It's a subtle thing in 
how you deal with each other. But 
that's not a problem here. Marilyn and 
Jean don't have to prove anything to 
us, and we don't have to show we're 
'on their side.' They already know it," 
he says. 

Dashe and Thomson gained their 
confidence through experience. "We 
tended to undersell ourselves at first. 
We had to learn to walk into a client's 
office and convince them that we 
could do a better job at a cheaper 
price than our more-experienced 
competitors," Dashe says. 
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Dashe wouldn't work anywhere else. 
Not only does she love what she 
does, she recommends other women 
start businesses. "You need economic 
power in order to be in control of your 
own life. The only way to succeed is 
to just get in there and do it." A 

The America! Government once 
issued a 5¢ bill. 

Source: Fascinating Facts, Ridge 
Press and Crown Publishers Inc., 
Copyright 1977. 
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"They can be instant heroes," said 
Barnett. 

Edward Barnett has no retirement 
plans. "I'll work till I drop ... l hope to die 
with my boots on," said Barnett. With 
the responsibilities of teaching, 
advising and researching, Edward 
Barnett doesn't plan on giving up in 
the near future. He figures he's got a 
good 18 years left in him. A 
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Just try. 
Try spelling out a business problem in plain 

English on your old calculator. Impossible? 
Now try it on the new Business Consultant, 

from Hewlett-Packard. 
There's never been a calculator like it. It's 

designed to make solving your business 
problems simple. Fast. And very personal. 

See it today. 

ELS 

HEWLETT 
PACKARD 

RIDGEDALE ® ROSEDALE o BURNSVILLE CENTER 
MIDWAY 0 NORTHTOWN 0 U. OF M:-DINKYTOWN 



Today, the I.T. Board of publications is searching for a 
Technolog Editor and Business anager ...... 

Yes, you too may be a part of history! The I.T. Board of Publications is taking applications for Technolog Editor and Business Manager for the 
1987-88 school year. The ideal candidates should be literate, witty, hard-working, perservering, patient, inquisitive, creative, knowledgeable, 
wise, firm when necessary, generous and kind to department secretaries. (No past editor has possessed these characteristics, but you could 
be the first!) 

Applicants must be full-time University of Minnesota students. Preference will be given to I.T. students. The chosen applicants will receive all 
necessary training by working with this year's editor and business manager on the Spring 1 & 2 issues. This is an excellent opportunity to gain 
practical communication experience-impressive to a prospective employer. 

You can apply by submitting a letter of intent stating the position you are interested in, resume, transcript and writing samples if applicable to 
the I.T. Board of Publications. For more information, contact Mark Werner at 624-9816. Interviews will be the week of March 9, 1987. 

I.T. Board of Publications 
Room 2, Mechanical Engineering 
111 Church Street S.E. 
Minneapolis, MN 55455 

Deadline: arch 4 
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The following is a list of the faculty of the industrial engineering division and their research interests. 

Sant Ram Arora Optimization concepts applied to the design and operational management of production systems. 
resource allocation, capacity sizing and layout of quality dimensions. Logistics support and 
material flow. CAD, CAM and D.S.S. Design of data acquisition systems. Data analysis design of 
experiments for quality control and process control. 

Tarald 0. Kvalseth Human factors ergonomics, human information processing, decision making, motor control, man
machine systems, application of ergonomics to workstation design, job analysis and evaluation, 
work and measurement. Industrial product safety. 

Patrick J. Sian Creation of models to describe and analyze the behavior of sociotechnical systems in terms of 
resource use, technological options and economics. Development of strategies to do sensitivity 
analysis for large scale dynamic models. Creating a theory for decision making in environments 
of growing information. Exploration of model building techniques to actively engage interested 
citizens in the assessment of issues and technological options at a community level. Applications 
of expert systems. 
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If you're a science or engineering major, you'll want to be part of today's Air Force. We're developing lasers and 
satellites that make science fiction seem dated. Air Force ROTC is one way to be part of this fast-paced technology. 

Air Force ROTC has 2- through 4-year scholarship programs that can help defray some of the college costs, plus 
you'll receive $100 each academic month for living expenses. 

After graduation, you'll be an Air Force officer, and will JOin those who are leading us into space-age technology. 
Take a close look at Air Force ROTC now. Don't let technology pass you by. Be a part of it 

Department of Aerospace Studtes 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 (612) 624-2884 

lEADERSHIP EXCELLENCE STARTS HERE 



by Lorrie J .S. Atchison 

Industrial Strength Puzzle 
Find these words related to industrial engineering in the grid below. 
No answers are given for this one-it's too easy! 

riti-:1 [ ~ ~L~ ~ ~JI..,.....c-"' ~I~::~ ~ID ~t:.~ m "''''"'"'qt.."-'~ i ~,lC~ I~-:IC~~ ~L~ [I ="'"71F 

~ ... ~ 

I Management ~:~ A R T c 0 s T A c c 0 u N T I N G 

Safety Training I T N E M E G A N A M I M Q c N H Q 

Quality Control 

I 
G M E s A F A M u u N I A c v u u 

Cost Accounting N E p u R c T 0 p 0 u M A c E M L I Production I N R L R 0 s T p L A p N 0 s A 0 

Human Factors p T 0 0 A A T 0 s L I I E N T G R 
~.~ 

I 
~:::.~ 

Product Safety R w D p c N R c p T H N A 0 M R T I 
Sampling ~.~ s 0 u R c E T y A G R R G c E A N ~.~ 
Inventory ~·~ 

y R c 0 T y R L H F y J 0 T N 0 0 

I Plant Layout I s K T D E w E F A R N N K Q T R c 
Capital T s s u c T A E 0 y 0 A L M s y y 

. .:~~ 
Investments I I T A c 0 u s T E M 0 0 M I s p T 

I Work Station 0 A F T L 0 N D I c L u c u A L I 

~:.:., c T E I A E y c w E 0 R T s H I L 

I 0 I T 0 v y s T E L 0 p H T Q u A ~·~ 
N 0 y N N F u A A B c c 0 N T M u I t~ G N I N I A R T y T E F A s A u Q 

•·:::t .. ::· 
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other undergraduates to help in the 
study. The four of them spent many 
hours following indirect laborers 
around, timing exactly how long they 
spent at each duty, when they took 
breaks and everything else in their 
day. Since the company worked three 
eight-hour shifts, the four students 
took all of that summer vacation to 
analyze the company. In the end, they 
found ways to save the company 
$500,000. Steve was sorry to see that 
the money was saved by eliminating 
jobs, but fortunately another plant 
opened up, and all the indirect 
laborers that weren't needed were 
moved to the new plant. 

Steve did many jobs after that, always 
trying to find ways to save a company 
money. For instance, the Minneapolis 
Society for the Blind wanted to save 
money in their production costs 
because they are a non-profit 
organization. Steve helped them 
organize their production to be more 
efficient and save time for the 
workers. 

Steve helped them 
organize their 
production to be 
more efficient and 
save time for the 
workers .. 

In August, 1986, he was hired outside 
of the consulting firm to analyze a 
national manufacturers plant in 
Missouri. He spent his weeks in 
Missouri and his weekends in 
Minneapolis, and in the process made 
the production system at the plant 
more efficient. 

In the past, when a part was made, it 
would be stored in inventory until it 
was needed for the next assembly, 
then stored again until it was needed 
for the next operation. Steve decided 
this wasted too much time and 
storage space, so he designed a 
theoretical model that would put all 
the processes in line and would send 
the part from assembly to assembly 
until the completed part was stored 
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for shipment. 

His idea would save the company 
over $1 million each year, and cost 
only $1 million to implement, thus 
paying for itself in only one year. 
During fall quarter, he began 
implementing his model in the 
Missouri plant. 

Steve considered the Missouri job his 
favorite, because he worked directly 
for the operations manager who was 
the head of all the company's U.S. 
plants. He also learned another 
maxim, this time about working in the 
"real" world: 

It's not how much 
you know that helps 
you succeed, but 
how good your 
people skills are .. 

"It's not how much you know that 
helps you succeed, but how good 
your people skills are." That's not 
to imply that you don't have to 
know anything, because people 
can see right away if you open 
your mouth without knowing what 
you're talking about. But if you 
learn the jargon and are 
comfortable with social skills, you 
will be more confident and 
people will help you learn what 
you need to know. 

Steve described his undergraduate 
life as much different than his present 
doctoral life. Since he was in the 
college of forestry, he lived in Bailey 
Hall on the St. Paul campus. Living on 
the ground floor, he and his fellow 
"Grounders" were known for their 
frat-like atmosphere and infamous 
pranks. They were especially cruel to 
one of the other Grounders, an ROTC 
student who had his boots stuck to 
the tile floor with super glue; was 
stuck in the shower without clothes, 
towel or shower curtain to give him 
any modesty from the women planted 
in his room minutes before his naked 
run to it; and finally had his whole 
room moved to the St. Paul mall. 

During his freshman year, Steve met a 
woman that worked at Burger King 

and knew the manager well enough to 
convince him to hire Steve. Later, 
Steve became the manager and 
trained in a new set of workers, one of 
whom later became his wife. Dianne 
is a graduate in dental hygene who 
worked in the local area until she and 
Steve had their first child, Jillene. After 
returning to work, Dianne found she 
didn't like having to juggle kids and 
work, so she stayed home after 
having their second daughter, 
Lindsey. With a third child on the way, 
and daughters three and two years of 
age, both Steve and Dianne feel that 
living a life of "semipoverty" is better 
in the long run in order to give the 
children the home life they need 
during their first few years. 

Although his wife would like Steve to 
work full-time instead of mixing work 
with his doctoral schooling, their 
agreement is to remain this way as 
long as they are reasonably 
comfortable. In two years, Steve 
expects to get his doctorate, but after 
that he isn't sure. 

I might do some university 
education. I like the university 
lifestyle, but even though money 
isn't everything, teachers don't 
get much. If a 'real world' 
opportunity comes along where I 
could be my won boss, like this 
consulting work, then I will take it. 

Steve said. 

Steve has some final hints for 
pontential graduate students. 

Mix your classes and thesis 
writing with work outside of 
school. It gives you a chance to 
apply the things you learn right 
away, instead of waiting until you 
graduate. Undergrads also are 
restricted in what classes they 
take, but graduates aren't; take 
advantage of your opportunity to 
choose your own destiny. The 
graduate classes are discussion 
oriented, and tests involve 
research and reasoning ability 
more than memorization. It's so 
much more fun to learn what you 
want to and when you want to; 
even writing your thesis becomes 
fun instead of drudgery. A 
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pieces), the common parts that the 
company manufactures and a product 
line which is about 25 years old make 
Continental more suitable for cellular 
manufacturing. He believes that if the 
company were to make the expansion 
today they would do the same thing. 

The change to cellular manufacturing 
has been a successful one for 
Continental. Their savings in terms of 
WIP has been dramatic. Parkin also 
believes that cellular manufacturing 
will have an impact on the company 
in terms of reduced WIP, reduced set 
up time and allowing smaller order 
quantities. There are a few 
drawbacks: for one, the company 
ends up with a lot of dedicated 
equipment and low utilization of the 
machines. 

According to Parkin, cellular 
manufacturing is having societal 
impacts because it is forcing 
companies to develop more flexible 
machine operators. This, in turn, will 
make companies more flexible 
meeting customer demands. It also 
"forces you to face up to machine 
capability problems." Cellular 
manufacturing provides a good 
opportunity to use statistical process 
control and to explore group 
dynamics and participatory 
management on the shop floor. At 
Continental, the employees are 
involved in a quality control circle. 
This group has offered good 
suggestions to improve the existing 
cells they have. 

Employee relations was a concern 
when the facilities expansion was 
underway. Each employee was 
interviewed before the company 
moved to cells and the employees 
were given the option to move. Those 
chosen by the company move into the 
new facility. 

By itself, cellular manufacturing will 
not make an American company 
competitive with foreign companies. 
But it's an "integral part of just-in-time 
technology, inventory reduction 
policies, and employee involvement 
programs. If you do all of the right 
things right, you can compete," 
commented Parkin. 

The next step for Continental is to 
introduce quality control and 
statistical process control into the 
cells themselves. Also, the company is 
starting to stress inventory reduction 
with encouraging results; it is also 
developing just-in-time cells. 

The ongoing research to improve 
manufacturing will have positive 
impact on technology and society. 
Cellular manufacturing is an important 
innovation for manufacturing 
technology. It will lower set-up time 
and cost, increase efficiency, increase 
demand for flexible- workers and 
increase ability to produce custom
made products. In addition to 
improving manufacturing, cells will 
also affect society by increasing the 
number of products available at a 
lower price and wider variety to 
consumers. A 

Sources: 

Middendorf, William H., 1986, Design of Devices 
and Systems, Marcel Dekker, Inc. New York, 
p.312. 

Barnett, Mr. Edward, Lecturer, Industrial 
Engineering/Operations Research, Mechanical 
Engineering Department, University of 
Minnesota, Interview: Minneapolis, 26 November 
1986. 

Parkin, Mr. Jim, Plant Manager, Continental 
Hydraulics Division, Interview: Savage, 15 
December 1986. 
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comparison stops there: the propfan 
has short, wide, thin blades that are 
swept back sharply and twisted 
somewhat. It is mounted behind the 
engine and pushes the aircraft along. 
It promises to be 30o/o more fuel 
efficient when used in medium size, 
medium range aircraft. It is expected 
to achieve speeds 85o/o the speed of 
sound and to climb to an altitude of 
40,000 feet. Several aircraft 
companies are planning to market 
propfan planes. Boeing already flew a 
test propfan plane for 67 minutes over 
the Mojave Desert and hopes to be 
producing the 7J7 propfan model in 
1992. Lockheed-Georgia plans to test 
fly a propfan plane this month while 
McDannel Douglas hopes to have a 
160-180 passenger craft by 1994. 

Even though the companies are 
planning to have working models so 
soon, there still are some stumbling 

blocks in propfan technology. 
Engineers are debating whether 
propfans should be single rotation 
(similar to conventional planes) or 
counter rotation (2 rows of blades 
turning in opposite directions). They 
are debating whether to use direct 
drive or geared engines and they are 
trying to devise a noise abatement 
system which must be used to shield 
passengers from the 152 decible 
noise emitted from the propfan. Even 
though propfan technology has some 
stumbling blocks to clear, its promise 
of greater efficiency, increased speed 
and higher altitude will likely entice 
the aircraft industry to adopt propfans 
in their crafts. 

Source: ASME News Release 

Super Simulations 
by Mark Werner 

NASA's Ames Research Center is 
employing new supercomputers to 
support aeronautics research and 
development. Last year the Ames 
Center installed a Cray 2 supersystem 
with a computing rate of 250 
megaflops and 265 million 64-bit 
words of central memory. Engineers 
hope to simulate vehicles that can't be 
destroyed or even built in order to 
gain new approaches and insights 
into design and manufacture. 
Engineers are only able to simulate 
components because the amount of 
computer time it takes to simulate 
whole systems is too long. If Ames 
can improve its computational 
abilities, engineers hope to replace 
expensive testing of models. In as 
soon as 1989, Ames researchers olan 
on having a computer with 4 times the 
computational ability of the existing 
system. Applications in materials 
processing, propulsion, 
aerodynamics, controls, optics and 
acoustics in the areas of automotive, 
nuclear and microelectronic systems 
are being sought. Engineers are 
studying why structures fail, why they 
buckle and crack and how they 
behave on the microscopic scale. 
Applications for computer simulations 
have been found in crashworthiness, 
transport of radioactive material, metal 
forming, aerodynamics and engine 
flow. A 
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year, and on the invitation of the 
president of JUSE, Japan's top 
management attended conferences 
focused on SPC. 

Deming predicted that in 5 years the 
Japanese would begin to see 
dramatic improvements in quality, 
productivity and competitive position. 
The Japanese actually improved 
faster. 

The effort was made by dedicated and 
committed top management looking at 
the long term results rather than the 
short term adjustments. Deming 
stressed to them that changes must 
encompass not only the company, but 
also the nation and every activity. The 
results are convincing: 

1. Japan's GNP has increased at 
a compound rate of almost 
1 0% per year since 1969. Per 
capita, GNP was barely at 
survival level a little over 36 
years to go. 

2. Productivity gains have 
exceeded American figures by 
a margin in excess of 4 to 1 for 
over 36 years in a row. 

3. Real wages after adjustment 
for inflation more than doubled 
during the 1 0-year period from 
1975-1985. In the U.S., wages 
increased only 26%. 

4. The standard of living has 
doubled, redoubled and 
redoubled again since 1950. It 
is expected to surpass that of 
the U.S. by 1990. 

American industry faces a difficult but 
impossible task to catch up. Kevin 
Akerlind's company began their SPC 
program in the summer of 1985 when 
one of their customers suggested 
implementing it. Though in its infancy, 
the program has already made great 
strides in beginning the change of 
thought so necessary for the 
program's success. Akerlind's 
position as coordinator I director is to 
advance the education of engineers 
and operators in statistical 
techniques. A 17 week course with 4 
weeks of classes and 13 weeks of 
practical application has excited 
growing interest in further work. 

Surprisingly, the most difficult people 
to convince regarding the 
effectiveness of the program are 
engineers: this is evidence of a view 
of quality which centers around 
specifications and inspection. 

For this reason Akerlind's job also 
entails some amount of salesmanship 
to present the program as an asset 
worth the work. His assertion is this
that quality is not what costs. It is the 
lack of it that does. Defective products 
incur direct costs such as scrap and 
rework labor. Hidden costs (clerical 
help, paperwork, customer 
concessions, etc.) often outweigh the 
direct ones by 6 to 1. 

Illustration by Brian Doty 

Akerlind mentioned four benefits of 
using SPC that are now evident. The 
first is greater confidence; confidence 
in the capability of vendors, processes 
and the product in the field. The 
second is a greater consistency in the 
attack of a problem. Everyone in his 
company knows the basic approach. 
Third, better relations and 
communications have resulted in 
barriers between departments being 
broken down. And finally, useful 
documentation is being steadily built 
up, providing a base for further 

application. This program is laying a 
foundation for improvements 10 years 
from now, and a greater hope of 
competitive position against new 
companies coming on line. This is 
what it will take for improvement in 
every sector of business. 

The ultimate challenge lies at the feet 
of young engineers, scientists and 
mathematicians just entering the 

industry. Knowledge of statistics and 
the philosophy of SPC's application 
are essential in order to be an 
effective worker in the system. Quality 
must be defined as continuous 
improvement of the product and 
system rather than merely meeting the 
specifications. Find the time to take a 
University class in statistical tech
niques and do personal reading. 

Although a young engineer will not 
have the authority to institute an SPC 
system, full support for advance in the 
direction of SPC will be effective in 
eventually changing the industry. A 

Sources: 

1. Akerlind, Kevin, SPG Program Manager, 
Rosemount Aerospace Division. 

2. Allen, Douglas H.W., Statistical Quality 
Control, Reinhold, New York, 1959. 

3. Deming, W. Edwards, Quality Productivity and 
Competitive Position, M.I.T. Center for Advanced 
Engineering Study, Cambridge, 1982. 

4. Raudsepp, Eugene, "Japanese Managers: Are 
They Really Better?", Machine Design, October 
23, 1986, Vol. 58, No. 25, p.95 
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from three to over fifteen years. 
Although EMP is at the master's 
level, seventeen percent of the 
current students already have 
master's or doctoral degrees in 
their specialties. 

Dr. Kocaoglu points out that EMP is a 
rigorous program which combines 
management theory and concepts 
with management science 
methodologies.3 
There are many programs and 
comparing them can be difficult. The 
problem is that programs with the 
same title may be very different and 
programs with different titles may be 
very similar. For example, different 
programs may emphasize the 
"Engineering of Management", 
"Management of Engineering", or 
"Management by Engineers".1 Some 
programs place a much heavier 
emphasis on the engineering aspect, 
while others stress the management 
aspect. Various combinations of 
curriculum exist to meet the needs of 
those interested in the engineering 
management field. While there are 
differences among the various 



programs, according to Daniel 
Babcock from the Department of 
Engineering Management at the 
University of Missouri-Rolla, " ... it is 
clear that all deal with the 
management of activities having a 
technical component."1 

Programs in engineering 
management are also being designed 
at the undergraduate level. Programs 
usually combine a variety of math, 
science, and enginering courses with 
management and economics courses 
leading to a four-year bachelor of 
science degree. 

The field of engineering management 
is constantly growing and becoming 
an important discipline. The subject of 
engineering management is more 
complex than has been covered in 

this brief overview, and a great deal of 
literature exists concerning 
engineering management. For a 
person with a desire to enter this 
interesting career field, a look into the 
many available resources will prove to 
be helpful and informative.£ 

Sources: 

I. Babcock, David L., "Engineering Management 
Education-Status and Goals of University Degree 

Servrces Smce 7957 

Programs." IEEE Transactions on Engineering 
Management vol. Em-21, No.3, Aug. 1974: 
101-104. 

2. Fraker, John S., "Professional Training for the 
Engineer-Manager (Don't Forget the · 
Engineering)." IEEE Proceeding of the 1979 
Management Conference: 117-121. 

3. Kocaoglu, Dundar F., "Engineering 
Management: An Emerging Discipline." 
Professional Engineer April 1979: 30-31. 
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At tomorrow's GE, young engineers 
like Dean Robinson will produce 
designs almost as fast as they can 
think. Thanks to newly developed GE 
software that transforms design data 
directly into a tool path to produce 
the part right from an engineer's 
workstation. 

The new technology, called "art-to
part CAD/CAM," goes far beyond 
solid modeling. First, realistic images 
are generated and displayed on the 

terminal,· then tested, stressed, and 
refined. Designs can be rotated, cross
sectioned, or peeled away in layers. 
But that's just the beginning. 

When the design is ready for 
production, the computer generates 
instructions directly into the machine 
that cuts the mold. No blueprints. 
No models. Thought becomes reality. 

What puts GE so far ahead in the 
development of art-to-part CADI 
CAM? Perhaps it's because we're our 
own best customer. We don't just 
design the software. We don't just 
build the hardware. We use these 
systems in most of our businesses. 
So we're constantly getting feedback 

General Electric is an equal opportunity employer. 

from our own engineers. Feedback 
that inspires ever more intelligent and 
useful workstations. 

The point is, GE engineers work with 
the most advanced tools technology 
can create. If you think you are ready 
to join them, sign up for an interview 
with GE. If we don't visit your campus, 
send your resume to: 

General Electric Company 
Building 36-5 
Schenectady, New York 12345 

If you can 
can 

8 A registered trademark of General Electric Company. 
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As technology advances, those committed to their future will succeed. 
These are people who view obstacles as challenges. To them, inno
vation is the master key that releases new ideas and methods. From 
themselves they demand only the best. And they hold the brightest 
futures. 

At NCR Comten, we seek out these people. People who will keep us 
going strong. We're one of the leading designers, manufacturers and 
distributors of data communication processing systems. To successfully 
spread information worldwide, our products have to be the best. Our 
top-notch employees make them that way. 

If you are a University of Minnesota computer science or electri
cal engineering major and you won't settle for less than the best, we 
may be able to help you. You can be at the front of our high tech push 
for excellence. You can work hands-on with some of the most soph
isticated data communications processing systems available. You can 
join NCR Com ten, a solid, state-of-the-art company full of challenge and 
opportunity. 

We offer ongoing advancement potential, recognition for your exper
tise, an extensive compensation package and a chance to hold a bright 
future. If you'd like more information about career opportunities with 
NCR Comten, check with the Placement Office to see when we'll be on 
campus interviewing or send your resume to the address below. 

Personnel Dept. DL 373 
2700 Snelling Avenue North 
St. Paul, MN 55113 

An Equal Opportunity Employer 
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Features 

6 Voices From The Future 
The four winning students' essays, ages 8,11,14 and 16, 
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Ill 

I ilit 
What's in store for us in the future? 
Economists tell us we will be the first 
generation with a standard of living 
lower than our parent's. They also say 
we have been left with an obscenely 
large federal deficit which will likely 
burden us all our lives. Newspapers 
tell us crime is rising-especially 
violent crime. Public health officials 
claim that AIDS will become a worse 
epidemic before it gets better. It's no 
secret that we are escalating our 
nuclear arsenal, stocking our silos 
with weapons linked to a hair trigger. 
Farmers are forced to let their grain 
rot and fields stand idle while nations 
starve in Africa and elsewhere. The 
number of homeless people 
wandering our streets increases. The 
list goes on and on. 

These issues are very serious and 
should be addressed, but we are 
bombarded with this kind of 
information day in and day out. After a 
while, we become desensitized to the 
issues because we find empathizing 
with them and actively working to 
solve them at least exhausting and at 
most impossible. 

nufantasy is held 
bound only by what 
we believe to be 
possible. 

What do we do then? Well, sometimes 
we escape, we fantasize about a 
world different than our own: about 
what the future will hold. The world of 
science fiction is a world where 
fantasy is held bound only by what we 

believe to be possible. In the world of 
science fiction, our creative juices 
flow, allowing ideas to flow as well. 
When ideas flow unhindered, we 
occaisionally find solutions to 
problems. 

Through science fiction, we set our 
goals for science. A good work of 
science fiction can set goals for 
modern science to work toward. For 
instance, Jules Verne, in his classic 
From The Earth To The Moon, 
showed a bullet carrying a man, fired 
at the moon. Some young would-be 
scientists read this and thought, "Why 
not?" so, after a long forward push, 
and of course many other factors, in 
July 20, 1969, a man actually did 
shoot like a bullet through the 
atmosphere and hit the moon. 

This leap in technology established 
our commitment to space exploration. 
Through space exploration, we have 
gained technological advances in 
medicine, material science, computer 
engineering, electrical engineering, 
chemical engineering, etc. 

Rather than being merely an escape 
from reality, science fiction can be an 
escape to our conception of what 
could be, of what we should shoot for. 
When we give science a goal of a 
future with some of today's seemingly 
impossible problems solved, we give 
science a good goal to work toward. 
Escaping into science fiction allows 
us to step out of our world and look at 
it in a different light, sometimes this is 
all that is needed to solve a problem 
that has defied conventional solving 
methods. Once we have science and 
technology working toward a solution 
of the world's problems, we're on our 

way to ending these problems and are 
dealing with them. So an occasional 
escape into science fiction 
sometimes, in an interestingly 
paradoxical way, stimulates solutions 
to the very problems we ran away 
from. 

Escaping in 
science fiction 
allows us to step out 
of our world and look 
at it in a different 
lightu 

Enjoy this issue, let the stories 
stimulate your creativity. Partake in 
our annual break from the present 
world into a world of what might be. A 

Mark Werner 
Editor 
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For the past 14 years, the Minnesota Tectmolog has hosted a science fiction 
contest. The winners of this yeali''s contest have their entries published in this 
issue. Thanks to all who entered, the judges felt that ~his year's entries were top 
notch. Special thanks to the judges of this year's contest, Renee Hanson, Tom 
O'Rourk~ and Jacques Youakim. 

Pictured from top to bottom are Jeff Simske, 
Randall Thompson and Chris Monson. 

Jeff Simske -First Place, 
Receptionist 

Jeff is a junior in microbiology. He 
hopes to be a veterinarian someday, 
but his goal after graduation is to lie 
on a Jamaican beach for two months. 
Jeff enjoys running and calls himself a 
basketball nut. He likes the works of 
Isaac Asimov and Gene Rodden bury. 
He likes Star Trek, but is quick to 
point out that he is not a Trekkie. 
Jeff's favorite expression is "I'm mad 
as hell and I'm not going to take it 
anymore!" 
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Randall Thompson -Second Place, 
One Nation Under God. 

Randall is a senior in microbiology. 
He hopes to get a research job after 
graduation, but a more current goal is 
to "change [his] major before [he] 
graduates and start all over" again. 
Randall has entered the Technolog 
Science Fiction contest for three 
years now. Two years ago he won 
second place with "Life Cycle," and 
an honorable mention last year with 
"The Test." Randall enjoys all kinds of 
music and plays the piano. He is an 
admirer of Jack Vance and Fritz 
Lieber's writing. His favorite 
expression is "Geeeeeerate," 
translated, "great." 

Photo by Gary lovelace 

Chris Monson -Third Place, The 
Knowledge Stone 

Chris is a grade four architecture 
student. He has always wanted to 
write for the Technolog Science 
Fiction Contest and has finally found 
the time. This is his first attempt at 
writing science fiction. His goal upon 
graduation is to be an architect for 
three years to make enough money to 
lie on a Jamaican beach for the rest of 
his life. Chris enjoys swimming, 
drawing and writing occasionally. He 
doesn't read much science fiction but 
is a big fan of Alfred Hitchcock 
movies. Chris' favorite expression is 
"Supcuz," translated '"sup cuz?" or 
"what is up cousin?" 



We are also printing the results of the Voices From The Future contest This 
contest asks students from grades i -12 to envision the state of technology and 
how it is implemented in the future. ·The winners are lisha Marie Ligons, Adam 
Jensen, Aaron Pyles and David Dragseth. Biographical data are supplied with 
their essays. 

Photo Courtesy of Minnesota Alliance For Science 

From left to right, back row; U. Governor Marlene Johnson; Arthur Higinbotham, Chairwoman Minnesota 
Alliance For Science; Cynthia Crist, Acting Director Governor's Office of Science and Technology; and 
Franklin Pass, Chairman Minnesota High Technology Council. Front row, lisha Marie Ligons, Adam 
Jensen, Aaron Pyles and David Dragseth. 

Once again, we are printing the 
results of the annual Voices From the 
Future contest. The contest is 
sponsored by the Minnesota Alliance 
for Science, the Minnesota High 
Technology Council and the 
Governor's Office of Science and 
Technology. It invites students to 
demonstrate proficiency in written 
communication skills by envisioning 

the future through responses to 
questions that stimulate an 
imaginative understanding of science. 
It is open to Minnesota students in 
grades one through twelve enrolled in 
public and private schools. 
Contestants were grouped into four 
grade levels; grades one through 
three, four through six, seven through 
nine and ten through twelve. Over 

1,800 essays were entered ir the 
contest and it is estimated that over 
15,000 essays were written. The 
winners were honored on February 4, 
1987, at a ceremony at the Science 
Museum of Minnesota where they 
received an award from the governor 
and a $500.00 savings bond from 
Unisys. The topics for each age group 
are listed with each essay. 
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I r t 
The Voices From The Future contest is designed to 
focus public recognition on the excellence of 
Minnesota students and teachers9 The contest 
invited students to envision the future by responding 
to questions that stimulated them to employ an 
imaginative understanding of science while 
demonstrating proficiency in written communication 
skillse Below are the first place essays in the four 
age categoriesa 

Writing topic for grades 1 "3: 
You have discovered how to communicate with your pet. Tell how you made this 
discovery, how it works and what you're learning about your pet. 

by lisha Marie Ligons 

AgeS 
Grade 3, Willard Mathematics/Science Technology Elementary School, 
Minneapolis. 
Teacher, Renata Goepfrich. 

Communicating with 
my pet 

I discovered how to communicate 
with my pet through the use of a 
computer, which in this case is called 
a "catputer." The catputer transmits 
messages through invisible wave 
lengths and sound. A special collar 
with small wires is put around my 
eat's neck so that he can leisurely 
walk around as he responds. How 
does he understand me? Well, I can 
type on the catputer, "I love you" in 
English and the wires on his collar 
transmit this message to his brain in 
cat language. He then responds in cat 
language and the catputer translates 
his message back to me in English. 

Sometimes he asks me questions in 
French such as, "Commet CaVa?" 
(which is "How are you?" in English). 
When I first heard him speak in 
French, I thought I was dreaming 
... even the catputer thought he was 
dreaming though computers don't 
dream! I typed in my response which 
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was, "Tres bien, Merci!" (which 
means "Very well, thank you!" in 
English). 

...... you'd be surprised 
what cats talk about! 

When my cat goes outside to visit with 
his other cat friends, I turn on the 
catputer which picks up their 
conversation. (I know this is 
eavesdropping, but you'd be surprised 
what cats talk about!) They talk about 
other boy and girl cats, who's in love 
with each other, who's expecting 
babies (or kittens), or the latest 
argument and fight in the 
neighborhood. They even talk about 
their owners ... boy, you should hear 
what some of them have to say-it's 
unrepeatable!!! 

r 

The catputer is very helpful. I know 
my eat's moods-when he's happy, 
angry or sad, what he likes or dislikes 
and even where to find him. When I 
plan on being away, I enter my 
schedule on the catputer so my cat 
knows to watch the house. AND WHO 
SAID CATS AREN'T HUMAN?!? A 



Writing topic for grades 4-6: 
The year is 2086. Describe the inventions you and your family use in the morning 
as you start the day and get ready for school. 

by Adam Jensen 

Age 11 
Grade 6, Kenwood Elementary School, Minneapolis. 
Teacher, Janet Heideinger. 

Today I woke up on my heated anti
gravity bed. The anti-gravity bed was 
invented because scientists 
discovered that gravity puts stress on 
your heart, lungs, liver etc. and 
causes you not to live as long. I went 
into the laser chamber and lasered my 
face, teeth, and hair. 

I picked up the computerized 
periodical which is computerized 
because the earth was having a 
shortage of trees to make paper. It is 

Writing topic for grades 7-9: 

the size of an average book. The front 
looks like an old-fashioned calculator 
with a screen at the bottom. With the 
buttons, you punch in the topic you 
want to read, for example politics, 
economics, sports, science or variety. 
Today I punched in science.and got 
this headline: "Man Reaches Warp 4 
in Experimental Space Craft." 

I took off my solar light suit (for 
vitamin D because in the underground 
city where I live the sun cannot be 

You have discovered how to make yourself invisible. How did you do it? How can 
you use this new power to make the world a better place? 

by Aaron Pyles 

Age 14 
Grade 9, Hopkins North Jr. High, Hopkins. 
Teachers, Peter Graff and Dorothy Welch. 

Bending The Rules 
Gravity slowly decreased as I 
elevatored down to the Hub. It was 
"mid afternoon," as it were, but I 
wasn't particularly worried about 
being late for work. The lift stopped, 
and I floated out the open door toward 
the office at Edison's Sons Scientific 
Reasearch Corporation, a has-been 
business. Like most of the failing Hub 
businesses, we had thrived ten years 
ago when the City in Space was being 
built. Now, however, Mpls. II was 
complete, and the only real success 
stories were companies that 
manufactured things such as perfect 
ball bearings, which could not be 
made Earthside. 

I entered the building, walked straight 
past my desk and into Mr. Mason's 
office, where he fumed at me from 
behind his desk. 

"Johnson, you're late! What do you 
think you're up to? Get to your 
workshop!" 

"Calm down, Boss. I've found a 
solution to all our financial problems." 
Mason was not quite boiling over. 
"Find your miracle or get back to 
work and stop dreaming." 

"Okay, Boss." I unzipped my duffel 
and donned a slightly modified set of 
helmet, belt, elbow and knee pads, 
gloves and boots. 

"So you've got some hovercycle gear 
with weird protruding dinguses. Big 
deal." 

I smiled and pressed the button on my 
belt. I could just make out the 
spinning laser beams before they 
became a blur and then disappeared 
entirely. I pressed the button again 
and phased back into Mason's sight. 

seen and I rarely go upside.) I put my 
air-conditioned clothes on, got into 
the oxygen chamber and went 
through the vacuum tube to the 
kitchen. 

My mother was telling the robot to 
order beans and fruit loops from the 
city kitchen for breakfast. After twenty 
seconds, the food came up by the 

Where to 31 

"What the ... " exclaimed Mason, 
accidently squeezing the contents of 
his coffee tube onto his shirt "Did you 
just...?" 

"Yeah, Boss, I turned invisible." 

"How?" It was hard to keep from 
laughing-! had never seen such 
bewilderment on his face before. 

"It's called the Beam Bender. It causes 
light to 'miss' an object so that you 
don't see it" I could almost see the 
wheels turning inside Mason's head 
as several expressions flickered 
across his face. Unfortunately he 
dicided upon his standard 
mode-skepticism. 

"Wait a minute-if a light doesn't hit 
an object, wouldn't it just appear to be 
a black smudge?' 

"Let me explain, Boss. Any sixth grade 
science student knows that light can 

Minnesota Tectmolog, Spring I, 1987 7 



be bent by gravity or a prism. Beam 
Bender just finishes the job by setting 
up a field of laser beams that causes 
light to totally bypass an object. If a 
thing, such as a black hole, doesn't 
reflect light, it will appear as a dark 
blot, but if light doesn't touch an 
object, that is an entirely different 
matter altogether. What you see is 
reflected light, and if light doesn't 
touch or reflect off something you 
don't see it. Simple." Boss still wasn't 
convinced. 

"What if you move?" 

It causes light to 
'miss' an object so 
that you don't see it 

"No problem. The helmet is equipped 
with a small computer that runs the 
complex laser projection program. 
Each of the extensions has 20 to 30 
circuit relays similar to those in 
calculators. Since you are always 
moving, regardless of pose or action, 
each extension must make 10 to 600 
alterations in the field per second." 

"But if there's no light reaching you, 
how do you see?" "The goggles built 
into the helmet are ultrasonic 
scanners. These particular lasers only 
affect light, so sound can travel freely 
through the field. The picture is in 
black and white, but the resolution is 
perfect." 

"Assuming this doodad works," said 
Mason, his gears grinding faster, 
"We'd better call the Defense 
Department right away. This thing'll be 
useful enough for our side, but if 
THEIR side gets ahold of..." 

"Hold it, Boss. This thing is useless as 
a weapon of espionage." 

"But..." 

"As I said before, the B.B. only affects 
light. It is fully vulnerable to almost 
any infra-red or ultrasonic security 
system. Even if you wanted, you 
couldn't rob a museum wearing this 
baby. 

"My interests for the B.B. run more 
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along the lines of science, specifically 
biology and anthropology. Imagine the 
delight of the bird watcher who 
doesn't get watched by the birds! 
Scrub down with scent-neutralizing 
soap and the forest ranger can tag 
endangered species without the 
dangers of tranquilizers. An 
anthropologist can study primitives 
without the fear that his presence 
might have an adverse effect on their 
culture. Even the psychiatrist might 
find it useful for examining sensitive 
cases. Yes, the possibilities are 
unlimited!" 

"Johnson, for all your high blown, 
gadgeteering brilliance, you are the 
LAZIEST man I know. Get down to the 
patent office PRONTO!' 

"I'll get right on it, Boss!" I said, 
deciding that it was going to be a 
busy afternoon. A 

Science Fiction is a kind of 
archaeology of the futme. 
-Clifton Fadiman. 
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Writing topic for grades 1Om 12: 
Imagine you are living in the year 2086. In the early part of the 21st century, the 
world population grew to the point where traditional land use couldn't produce 
adequate nutrition. How has this problem been solved? 

by David Dragseth 

Age 16 
Grade 10, Edina High School, Edina. 
Teacher, Joan Schulz. 

Australian Control 

World Organizatin for Botanical 
Research and Development 
514 Gardenstrasse 
Bonn, West Germany 
Dr. Wilhelm Freedrickson 
President 

Greetings to my esteemed colleague Dr. Freedrickson, 

Route 16 Koocabura Pass 
Jiggalong, Gibson Desert 
Western Australia 4125 

Hundreds of years from now scholars will etch this date among their multitude of holograms and microfilms. As commander
in-chief of this tremendous outer-planetary endeavor, I announce with extreme pride the touch-down of Food Transport I here 
at Australian Control. Operators are unloading now, as we speak, a precious fourteen million tons of food to serve our entire 
southeast quadrant. Can you believe it, Wilhelm? Food grown in the iron-oxidized soil of Mars has been transported here to 
feed our twelve-billion hungry mouths of Earth. We have succeeded in growing organisms where nature in its awesome self 
could not sprout its seedlings of life. 

With our operation in full swing, I can't help but peer back over the fifty years we've struggled to conquer our seemingly 
impossible task. Armed with a youthful heart, you, Freedrickson first proposed project OPVOMS (Operation to Produce 
Vegetation on Martian Soil). Perceiving that ancient Mars might have harbored some sort of life forms, you noted canyons and 
rusted river beds which lay desolate and barren as if yearning to tell of some past time of prosperity. The red planet was in an 
ice age with vast deposits of fresh water imprisoned in vapor, permafrost and the northern ice cap. Having a harsh atmosphere, 
Mars converted all water directly from solid to gas form, leaving no life sustaining fluid. Yet, Mars had a secret. It seems that 
this ruby sphere had once enjoyed a rich, warm climate. Rushing with rivers and soothed by pouring rains, the "greenhouse 
effect" had warmed the atmosphere and had given it sustenance for life. We were convinced this sustenance could be restored 
and the missing string for life interwoven in the massive web of nature. Only time held us back from nourishing our plants in 
the rich carbon dioxide gases that permeated the planet. 

The "greenhouse effect" was our key to solving the problems of a harsh Martian atmosphere. A solar effect that threatens our 
own planet could double back and save our world from a devastating hunger crisis. Chernikov, from the Soviet team, proposed 
a slow injection of translucent, heavier gases along with trace amounts of oxygen into the atmosphere. Heavier gases confined 
the solar heat between land and sky, entrapped the warmth and slowly raised the temperature to its once life-nurturing state. A 
warm climate saturated with carbon dioxide and dotted with oxygen was now present. One element eluded us, minerals for the 
harsh silicate soil. Photon propulsion spacecraft capable of half the speed of light were used at this stage of development. 
Tons of minerals extracted from dehydrated seawater were cargoed to Mars and proved of dire importance to the fertilization 
of the now prime soil. The northern ice cap began to yield a portion of its silvery liquid to once dormant river beds/and 
canyons, freeing the final element of necessity for our long awaited planting. 

An American team led by the world renowned botanist, Dr. Krebbs, was among the first to perform experimental growth tests 
with eight major grains. After several months of agonizing waiting, Krebbs' experiments proved an overwhelming success with 
enlarged kernels due to the low gravitational pull of our brother planet. Photosynthesis was actually taking place out from 

Control to 29 
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I 
by Susan Curran 

Presently, the population of the 
Institute of Technology consists of 
18.3% women. This may seem like a 
low percentage, but it is holding 
steady. In 1969 there weren't any 
women in I.T. As of fall 1986, there 
were 1 ,095 women pursuing an 
education in I.T. 

Charlotte Striebel, associate professor 
mathematics was the only woman in 
all of her graduate studies classes at 
the University of California, Berkeley. 
She received her Ph.D. in 
mathematics and statistics in 1960. "I 
tried to be noticed," said Striebel, 
"You were forever made to feel 
unwelcome-you were tolerated." 
Striebel has been teaching at the 
University of Minnesota since 1964. 
There have been changes in the 
demographics since that time. In the 
1960s, female students weren't in 
calculus classes. Striebel now sees a 
group of women in the classes she 
teaches. As of this fall, women make 
up to 34.3% of the students in the 
math department. 

...... this represents the 
women who come 
into I because of a 
true interest in 
science and 
technology§ 

In 1983 the highest percentage of 
women, ever, was found in I.T. (20%). 
This figure fell to 17.7% in 1984. 
Benjamin Sharpe, Director of 
Admissions, believes this peak and 
quick fall can partially be attributed to 
the women's movement and then 
individuals realizing that I.T. wasn't for 
them. The percentage of women has 
gradually increased in the past two 
years. Sharpe thinks this represents 
the women who come into I.T. 
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because of a true interest in science 
and technology. 

Jenny Berman, current president of 
the Society of Women Engineers, is in 
the chemical engineering program. 
She believes that women feel more 
comfortable if there are other women 
in their classes. The chemical 
engineering program is 32.6% women. 
"You get to know the other women," 
Berman said. She pointed out that 
some women are greatly 
outnumbered in their programs. For 
example, the aerospace program is 
only 9.7% women, physics is 11.0% 
and electrical engineering is 11.4% 
women. The astronomy, geophysics 
and geoengineering departments also 
have low percentages of women. 

Each year a program is conducted on 
campus for young women who are 
high school juniors. "Technically 
Speaking, Should You?" brings young
women to the University and 
introduces them to I.T. Striebel 
considers mathematics the main 
roadblock for women interested in 
science. In her view, girls aren't given 
enough encouragement to keep trying 
to understand math. In general, girls 
change their goals, while boys 
struggle through the math courses. 

Striebel believes that the women who 
graduate have good employment 
opportunities. It's much harder to get 

''It win be several 
hundred 
years!!§§§ before 
equality/' 

beyond the entry level jobs though. 
Advancement is slow. Striebel isn't 
terribly optimistic about the future 
equality ot women. "It will be several 
hundred years, I usually say 300 
years, before equality," Striebel said. 
"So plan your life accordingly!" Since 
they aren't going to be treated fairly, 
no matter what field they go into, 
women should go into a field for their 
own personal satisfaction. Sharpe 
doesn't believe that I.T. will achieve a 
25% female enrollment. "I do not 
expect to see 25% women in I.T., even 
though there is an educational and 
recruitment program," Sharpe said. 

Women in science and technology 
have come a long way in the past 20 
years. Reaching a 50/50 split in 
enrollment in the Institute of 
Technology is unrealistic and would 
probably take 300 years as Striebel 
predicts. ~k 

Data colleciE!cl from the Office of Student Affairs 
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I 
by Kevin Cummings 

To those of you who will be 
graduating soon: have you signed up 
for the Institute of Technlogy Alumni 
Society? Why not? Let me tell you 
about ITAS. 

The Minnesota Alumni Association 
(MAA) is made up of over 20 different 
colleges here at the U of M that have 
alumni societies, and IT AS has the 
second largest membership (behind 
CLA). By becomning a member of 
IT AS, you also become a member of 
MAA, and get all the benefits of that 
organization. MAA members receive a 
subscription to Minnesota Magazine 
(the· Alumni bi-monthly update), 
privileges at University Libraries, 
reduced prices at the University golf 
course and Outdoor Store, assistance 
for prospective University students in 
your family, and much more. 

The benefits of IT AS 
are above and 
beyond those of 
MAAa 

The benefits of IT AS are above and 
beyond those of MAA. IT AS sponsors 
technical seminars, usually two each 
year, on a variety of subjects. Last 
spring, Stuart Harris came to talk 
about the Argo mission that 
discovered the Titanic, and he also 
met with mechanical engineering 
students and professors to talk about 
robotics and remotely-piloted vehicles 
like the one he used to take pictures 
of the Titanic. 

IT AS also sponsors corporate tours, 
as they did in last January. 150 
participants (including some students) 
visited the Supercomputer Institute 
and saw Cray computer simulations, 
research efforts, and talked to some of 
the professionals working there. The 
tours and seminars are free to 
members of IT AS. 

m 
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This May, IT AS will be organizing a 
Dean's address where alumnus can 
meet with Dean Infante to discuss the 
Commitment to Focus and its relation 
to the Institute of Technology. 

The annual fundraiser that IT AS holds 
is the Science and Technology Day. 
The next one will be fall of 1987 at the 
International Market Square. 
Corporations will rent tables and 
alumnus and students can come to 
chat informally with company 
representatives from Honeywell, Onan 
and many other technology 
companies. Usually there are about 
600-700 people who attend that day, 
and IT AS gets much of their funding 
for the year from the Sci/Tech Day. 
The rest of IT AS' money comes from 
the dues paid by the 4000 members. 

Besides sponsoring seminars and 
tours, IT AS gives two scholarships 
each year. The first is the Paul 
Cartwright Award, given to a 
graduating senior who shows 
outstanding leadership skills. Paul 
Cartwright is a retired EE professor 
who will be celebrating his 50th 
reunion at the University this year. 
The other award is the George Taylor 
Teaching Award, which goes to the 
outstanding instructor of the year at 
the University. IT AS co-sponsors the 
award with Mrs. George Taylor. Both 
awards are given at graduation 
ceremnonies in June. 

uJTAS gives two 
scholarships each 
year .. 

Also, IT AS provides some funds for 
Plumb Bob and IT week festivities and 
for the IT Board of Publications. 

The major resource that IT AS uses to 
carry out its mission is the 
Technology Information Exchange. 

This program works to establish 
communication between alumni 
students, faculty, industry and the 
Institute of Technology. TIE acts as a 
catalyst resource for IT through all the 
programs IT AS sponsors. 

IT AS has a board of directors and an 
executive board that make decisions 
for the future work of IT AS. The board 
of directors is made up of alumni 
representing each of the IT 
departments, chosen by the 
nominating committee of IT AS, and 
serving a three year term. 

The president of the executive board 
is John Kugler, who is the president of 
Interspace Corp. The past president is 
Jim Sutherland and the first vice 
president is Chris Black. 

Menbership dues are $22/year which 
covers both IT AS and MAA fees. If you 
graduated less than three years ago, 
or graduated before 1945, dues are 
only $17. For more information about 
IT AS or to get a membership 
application, contact Eileen Kiely at IT 
Development. A 

I confess that in 1901 I said to my 
brother Orville that man would not fly 
for fifty years ... Ever since, I have 
distrusted myself and avoided all 
predictions .. .lt is not necessary to 
look too far into the future, we see 
enough already to be sure it is 

1

magnificent. -Willbur Wright, 1908. 

You can judge your age by the 
amount of pain you feel when you 
come in contact with a new idea. 
-John Nuveen 

I have yet to see any problem, 
however complicated, which, when 

. you looked at it in the right way, did 
not become still more complicated. 
-Paul Anderson 
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Several LT. professors predict new developments in 
their fieldm 

by Mike Servatius 

Technology. We see, hear or feel the 
impact of this word almost every day. 
Technology surrounds us at work, 
home, school and in many other 
aspects of our lives. Technology is 
rapidly changing and bringing us new 
developments at an astounding pace. 
Most technological advancements will 
likely improve our way of life. As we 
look back through history, technology 
has continued to push us forward. 
Things which our grandparents may 
have deemed impossible in their 
youth are now commonplace. 

The present body of scientific 
knowledge which we possess is 
enormous. However, as large as it is, 
it continues to gravy every day. As we 
look into the future, we wonder just 
how much farther we may reach in an 
effort to improve our technology. In 
nearly every field of study, many 
opportunities for now developments 
are forseeable. 

...... future 
developments will 
f lure portabi y 
and simplicity in 
m ing personal 
computers more 
accessible to the 
average person .. 

At the University of Minnesota, we are 
fortunate to have a great deal of such 
research occurring in the Institute of 
Technology. With this in mind, I 
decided to gather a few predictions 
from some of our faculty members of 
significant developments in their 
respective branches of engineering. 
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Personal computers are a very 
common sight today. Everywhere you 
look, PC's are being used for a variety 
of applications. Professor Allen 
Nussbaum of the department of 
electrical engineering believes that in 
the future we will continue to see 
changes in personal computers. 
Presently, PC's exist in many different 
varieties. Some PC's use a mouse, 
while others, have only a keyboard. 
Screen sizes vary from model to 
model and several different languages 
exist for programming. These variations 
can make personal computers seem 
complicated to the average person. 
Professor Nussbaum thinks that future 
developments will feature portability 
and simplicity in making personal 
computers more accessible to the 
average person. 

He predicts the development of a 
portable computer about the size of a 
textbook. This computer, says 
professor Nussbaum, will have a fold
out screen, printing capabilities and 
an easier programming language 
resembling ordinary English. 

Mechanical engineering is also 
experiencing significant 
developments in many areas. Dr. 
Darrell Frohrib, professor of 
mechanical engineering, says that 
one of the most profound influences 
on design and control will be the 
monitoring of physical phenomena in 
engineering and medicine. Professor 
Frohrib also says that, "Microsensors 
coupled with on-line data processing 
via a mini-computer will demand and 
provide immediate understanding of 
the physics of the processors to 
which they are adapted." Reduced
cost sensors will allow implementa
tion of active, not passive, throw-away 
devices in the medical world he says. 
Such developments will require the 
engineers to have an understanding 

r 

of physical processors. 

Professor Frohrib also foresees a 
need for the engineers to become 
progressively creative in concept 
design. This point will be reached 
through the infusion of CAD/CAM 
into the design process. "Much 
engineering implementation now 
associates with follow-through 
phases that are semi-ritualistic. New 
concepts," says Dr. Frohrib, "and the 
viability of their manufacture and distri
bution will become the engineer's 
dominant (and rightful) 'reason for 
being.'" 

S receivers will be 
able to tell you 
where on the globe, 
to within three 
meters, you are .. 

The diverse field of aerospace 
engineering always leads 
technological advancement. 
Professor Brad Liebst, from the 
department of aerospace engineering, 
offers several forcasts for the future of 
the aerospace industry. 

Commercial aviation will see many 
beneficial developments in the future. 
Much work is taking place on the 
Global Position System (GPS). GPS 
receivers will be able to tell you where 
on the globe, to within three meters 
you are. While these receivers 
presently cost about $10,000, 
Professor Liebst predicts that within 
ten years the price will come down to 
around $1000. 

Professor Liebst also believes that 
voice-controls could become useful 



in situations in the commercial 
cockpit where time is not critical. He 
says where time is not critical 
because voice controls are actually 
slower than manual controls. The 
reason this is true is because of the 
number of steps involved in activating 
a voice command. First the pilot must 
say the proper command, then the 
computer will repeat the command 
and wait until the pilot verifies the 
stated command. After the pilot's 
verification, the requested action will 
occur. If a pilot were in a battle 
situation where he wanted to fire a 
missle, time would be critical. In this 
case, it would be quicker to manually 
flip a switch, than to go through the 
voice control process. 

A major development which Professor 
Liebst is sure will be produced within 
the next 20 to 50 years, is the 
aerospace plane. This hypersonic 
airplane, which will fly outside the 
earth's atmosphere, will be able to fly 
from here to Tokyo in about two to 
three hours. According to Professor 

Liebst, "This plane will be designed 
almost entirely on a computer with 
very little wind tunnel testing." 

Professor Liebst also believes that 
commercial airlines will make greater 
use of automatic controls and will rely 
more on computers for flight 
management. He foresees airplanes 
constructed with more and more 
composites and less metal in the 
future. In the next 10 to 20 years, 
Professor Liebst says we will see the 
production of the low radar detection 
Stealth aircraft. 

The Physics department at the 
University of Minnesota is likely to be 
at the center of significant 
development in the future. A one 
million dollar gift from Minneapolis 
lawyer and real estate developer 
William I. Fine has established a new 
Institute for Theoretical Physics at the 
university.1 The institute is one of only 
a few in the nation, only the University 
of California at Santa Barbara and 
Princeton University have similar 
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institutes. 

The institute will delve into areas of 
study such as condensed matter 
physics, the behavior of complex 
systems seen in fluid turbulence, 
weather systems and the growth of 
populations of organisms; the 
interactions of electrons, quarks and 
other subatomic particles; and 
astrophysics and the origin and 
evolution of the universe. 

These few insights into the future of 
technological development provide a 
brief view of some of the things we 
may see occuring in the coming 
months and years. However, this is a 
very small part of a very big picture. 
Many, many other fields of study are 
continually involved in complex and 
interesting research and development 
projects. Only time will tell what lies 
ahead on the horizon of technology. A. 

1Source: Deane Morrison, University News 
Service, Jan. 28, 1987. 

If you're a science or engineering major, you'll want to be part of today's Air Force. We're developing lasers and 
satellites that make science fiction seem dated. Air Force ROTC is one way to be part of this fast-paced technology. 

Air Force ROTC has 2- through 4-year scholarship programs that can help defray some of the college costs, plus 
you'll receive $100 each academic month for living expenses 

After graduation, you'll be an Air Force officer, and will join those who are leading us into space-age technology. 
Take a close look at Air Force ROTC now. Don't let technology pass you by. Be a part of it. 

Department of Aerospace Stud1es 
Room 3 Armory 
1.5 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 

lEADERSHIP EXCELLENCE STARTS HERE 



Illustration by Conrad Teves 
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First Place 

by Jeff Simske 

Steen Rogal switched the ultraviolet 
emitter off. A solitary line on the 
screen to his right flashed quietly, its 
message one simple word; FATAL. 
Steen experienced complete 
motionlessness as if he had suddenly 
become unplugged. The feeling 
passed quickly and he chuckled 
lightly to himself, running his fingers 
over the pliable synthetic surface of 
his artificial left arm. With the number 
of repair parts he had, being 
unplugged was almost a possibility. 
He didn't mind the replacement parts, 
of course, for they had extended his 
life to ninety already. He was 
anticipating a life with many more 
years than the national average of 
ninety-five. 

Steen glared momentarily at the 
screen, a severe look returning to his 
face. The thin, tightly pursed lips were 
etched across his face. Perfectly 
horizontal, they were the only feature 
on his square jaw. His eyes pierced 
all he viewed, their harshness being 
increased by the striking red of his 
crew cut hair. 

He turned from the computer and 
strode out of the lab, his thin, angular 
body maneuvering precisely through 
the hallways to his office. The charts 
were spread evenly around the 
compact room, covering all available 
space. Normally he used his computer 
exclusively, accessing all materials 
from there. His current problem was 
different, it required a spark of insight. 
Steen had thought that, perhaps, 
having the results spread out around 
him would provide the inspiring clue 
he needed. It had not. He neatly 
folded up the charts and dropped 
them into the recycling chute. 

The radiation test had been the last 
chance for success. The 
bacteriophage had refused to 
respond. It had a coat of incredible 
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strength. It was missing common 
binding sites, being invulnerable to all 
conventional (and some 
unconventional) lysing techniques. 
Outside of the human body the phage 
could be destroyed, but the 
techniques were far beyond the in 
vivo safety range. The phage could 
not be eradicated from a body it had 
infected. 

The phage could not 
be eradicated from a 
bo it infected 9 

This was a new experience for Steen. 
Never before had he faced defeat. He 
recalled the victories of his past. 
Using advanced chemical assaying 
devices exclusively developed and 
patented by himself, he had solved 
hundreds of problems. His main work 
dealt with drugs. Usually the drugs 
only fit their receptors imperfectly, 
giving only partial relief. It was similar 
to putting a puzzle piece into the 
wrong connecting piece. It would fit, 
somewhat, but the solution was 
temporary, flawed. 

Steen had been able to send 
compounds, directed by means of 
microcapsules, into the areas of the 
body where the receptors were. The 
compounds would reshape, adding or 
taking away individual atoms until 
their fit was perfect. The microcapsule 
that had delivered the building block 
compounds collected the completed 
chemicals, bringing them out of the 
body using a directed, capturing 
magnetic field. The compounds were 
then mass produced and used on the 
receptors with dramatic effects. 

Steen had developed a complete 
system which acted on the paid 
receptors. The system eliminated pain 

when activated. Of course, he had 
tested the system on himself first, 
performing a simple appendectomy. 
He had felt nothing. The marketing of 
the subsequent product had made 
him rich. He had not patented his 
invention; no one understood it 
anyway. 

His other accomplishments had been 
just as successful and profitable. 
Certain drug receptors had been 
mapped by him and in some cases he 
was able to completely deactivate the 
drugs by safely blocking the sites. In 
other cases, he could bind the site 
perfectly, enabling the drug to act 
completely. 

The only failure he could recall at all 
was back in his beginning days. He 
had developed a molecule that, when 
bonded to the microbe responsible for 
pneumonia, rendered it non
functional. His first molecule had 
bonded to the microbe, but it had 
made the microbe more efficient. 

His first m e 
had bonded to the 
microbe, but it had 
made the microbe 
more efficient.. 

Steen had been careless with the 
microbe and it had escaped. The 
subsequent infection spread through 
the city, with a number of deaths 
occurring. Steen had been requested 
to aid the city in stopping the disease 
and, having a head start, he was able 
to inactivate the microbe. He had 
asked for a great sum from the city 
and they had paid it, though it was 
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never discovered by the public that 
Steen had caused the epidemic. He 
had been proclaimed as a hero for a 
while, until his cold attitude offended 
the reporters and his monetary 
demands disgruntled the general 
public. Colleagues despised his 
arrogance and envied his success. 
Steen had been pleased that he could 
experiment on society without being 
held accountable. In his mind he was 
aiding society. If some had to die to 
insure his inevitable success, that was 
perfectly acceptable. 

Steen had only one friend. Reginald 
Walsh had taught Rogal physiology in 
Steen's graduate days. Walsh had 
been stunned by his brilliance and 
intuition. It had been Walsh who 
followed Rogal into his work, not vice 
versa. Walsh had responded with 
shock when Steen told him of the 
pneumonia incident. It was only his 
respect for Steen's talent, and his fear 
of the wide, piercing eyes that kept 
him silent. His thoughts often returned 
to the incident, almost as if he had 
acquired Steen's guild. Steen was as 
indifferent to the incident as he was to 
the distinguished professor. He called 
him 'Reggie' to Walsh's annoyance, 
yet he knew that Walsh was 
necessary as a connection to the 
outside world. It was Walsh's name on 
Rogal's research papers and products 
that gave them respectability. In fact at 
the present moment, Walsh was in 
Cleveland promoting Rogal's new 
product. He was to return from his two 
week trip by tube train in the evening. 

He had not slept in 
three weeks. 

Steen was thinking that he might get 
some sleep before Reggie got back 
but he caught himself. He had not 
slept in three weeks. He would never 
sleep again, confirmed by the day's 
tests. He was again the experimental 
animal in his newest experiment. 

Steen had postulated the existence of 
varying micromolecular structures in 
the brain near the synaptic regions. 
After a time, the functioning of the 
synapses caused the structures to 
move towards a slightly bent 
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formation. Synaptic activity decJeased 
in the correct areas, allowing the body 
to sleep. Steen wanted to keep the 
molecule open, bypassing the need 
for sleep. 

No chemical he had formed had 
stayed in the brain to keep the 
molecule open. He had eventually 
turned to mutated phages until he had 
gotten what he desired. The phage he 
had constructed infected a strain of E. 
coli bacteria in the intestine. The 
bacteria had then traveled to the brain 
where it lodged near the synaptic 
regions and released the proper 
chemicals to keep the molecules 
open. 

The system was foolproof, however 
Steen could not discern the 
mechanism of its function. He also 
had no way to control the system 
once it entered the body. The bacteria 
was also immune to all types of 
antibiotics because of its 
impenetrable sheath, coded by the 
invading phage. The capsule system 
he had used for his receptor work 
failed on the bacteria. Somehow the 
bacteria were obligatory with regards 
to synaptic function. The synaptic 
activity kept them alive and enhanced. 
Steen had tried to control them by 
decreasing synaptic activity, but the 
cells weakened only when synaptic 
activity ceased for at least a few days, 

which coincided with the death of the 
individual. When the cells died, 
internal enzymes restrained by the 
synaptic activity completely broke the 
cells apart into their basic building 
molecules, useless in analysis. Steen 
did not care. The system worked and 
he no longer needed sleep. 

.. uthe cells weakened 
only when syna ic 
activity ceased for at 
least a few days, 
which coincided with 
the death of the 
individuaL 

Steen would have to discuss the 
virulency problem with Walsh when 
he returned, for the resistance of the 
bacterium would change the 
marketability of the product. He 
glanced at the watch, housed in his 
wrist; only an hour before Walsh's 
return. Steen was excited with the 
prospect of marketing his anti-sleep 
device. 

Sleep was an inconvenience. Just 
when a discovery was being made, a 
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problem was being solved, or when 
an event was getting interesting, sleep 
interfered. Steen refused to tolerate 
this any longer. There had been 
evidence of human beings going 
without sleep before. The building of 
the Egyptian pyramids was 
theoretically impossible with the 
manpower present at the time 
assuming they needed sleep. With 
each man working full time with 
breaks only for meals, the pyramids 
could have been built. Several fossil 
remains of the builders had shown 
skull conformations that could only be 
explained by the bacteria. The same 
thing had been found among some of 
the Olmec people of Mexico. How the 
bacteria had died out still remained a 
mystery. 

Steen had just finished his report, 
dictating the last instructions to the 
computer, when Walsh walked in. 
Walsh's wavy brown hair seemed to 
he touched with even more gray. His 
squat, wide frame was slightly bent, 
his eyes direct and alive, watching the 
report roll off the printer; Steen had 
always respected Walsh's antiquated 
need for a hard copy of results. 

"I assume that is your final report on 
the anti-sleep mechanism," Walsh 
gestured toward the printer, a pulse of 
tension flavoring his words. 

"Yes," Steen replied without a glance 
at the printer. "What news do you 
have for me? Do we have any 
buyers?" 

Steen was unchanged. He did not 
respond. He stared, relaxed, at Walsh. 
He did not need to ask for a reason, 
for Walsh would readily volunteer 
information under the scrutiny of 
Steen's eyes. 

"When you developed the system you 
forgot about the reasons why we 
sleep. The molecules you prevented 
from bending have to bend to keep 
the brain from being constantly active. 
You see, we need to sleep to qive our 
organs time to relax and rejuvenate. 
Psychologically, we need sleep to 
take a break from the pressures of 
being awake. With your system, the 
tiring effects of extended wakefulness 
will be greatly delayed, but the 
constant pressure on the systems of 
the body will eventually take its toll. 

The methods we could employ to 
artificially relax the body would be as 
futile as previous methods were in 
keeping the body awake. All the vital 
organs will therefore have to operate 
at elevated levels corresponding to 
the synaptic activity of the constantly 
open brain molecules. There will be 
no rest from birth to death. 

"There were a few of us at the 
conference who ran tests. With these 
microbes in the brain our life 
expectance would be at best forty 
years." Walsh's composure had 
broken. He gazed, dejected, at the 
floor. 

Steen was locked into the unique 
experience of terror. This time there 
was no escape for him. The microbe 
was within him. He could hear his 
heart beat. It pounded in his chest, 
each contraction driving him, with 
increased speed, to his death. He had 
gained his precious time, being able 
to work in his lab twenty-four hours a 
day if needed, but he had insured the 
loss of years of his life and, 
consequently, years of research. 
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Steen pushed his thoughts of death 
back. He was interested in Walsh who 
was still hanging his head in defeat. 
Steen had never seen him like this 
before. "What's wrong, Reggie," he 
said, compassion only slightly 
discernable in his voice. 

T microbe was 
wi in him .. He could 
hear his heart beat.. 

Walsh raised his head. A new feeling 
of contempt was surfacing. The 
creases in his forehead were deep, 
severe; his voice was harsh. "I didn't 
realize the possibility of virulency until 
a few days ago, Steen." He paused, 
letting the fact of his knowledge hit 
Steen. "For two weeks we were at the 
conference with almost two thousand 
people attending. They arrived at 
different times from different areas of 

Receptionist to 30 
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Second Place 

by Randall Thompson 

Valtok strode into the glade, his robe 
fluttering slightly in the soft, pungent 
breeze. Behind him, the red sun eased 
its way up into the clear green sky. 

Valtok hated that sky, particularly on 
hazy days when it turned to a shade 
that was almost blue, almost like 
Earth ... 

He swatted an insect on his neck and 
cursed out loud. "Who am I kidding?" 
Valtok said to himself. "I don't rule this 
planet, the damn bugs do." 

As he made his way through the glade 
Valtok began to hear his Yots in the 
field, yammering to one another. He 
stopped at the edge of the glade and 
surveyed the view. Before him 
stretched acres and acres of 
cropland, tended by droves of Yots. 

Valtok smiled and tugged at his beard. 
"Except here," he said softly. "Here I 
am in control." 

Seeing that everything was in order in 
the fields, Valtok turned and started 
back through the trees. Today was the 
day he intended to begin work on a 
new steam engine, coal powered this 
time, due to the discovery of high 
grade bituminous just four days 
earlier. 

Valtok was excited, but still shook his 
head as he walked. "Two hundred 
years," he thought. "Two hundred and 
twelve years and we've only come as 
far as coal." Valtok blamed the Yots 
for this. Their brains simply were not 
large enough to rapidly accommodate 
the progress. the changes. Never 
once in two centuries did Valtok stop 
pushing them forward, however, a fact 
that he was unconsciously proud of. 
After all, in just two centuries he had 
taken the Yots farther than it had 
taken the human race one hundred 
centuries to evolve. Never once did 
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Valtok question himself or his 
methods. 

Valtok was almost to the end of the 
spidery trees with their complement of 
rubbery ochre-yellow underbrush 
when he sudddenly stopped short. 
Something was wrong. He scanned 
the nearby shrubbery, looking for a 
presence that he felt rather than 
sensed physically. He was about to 
shrug the feeling off and continue on 
his way When his power armor sprang 
to life in a burst of static electricity. 
Valtok felt a small thump on his back, 
just below his left shoulder blade. He 
spun and saw a Yot staring at him 
from behind a small tree that bore 
gleaming black fruit. The Yot dropped 
its weapon, which glinted dully in the 
bottle-green sunlight as it fell. Then it 
turned and bolted through the 
underbrush. Valtok followed quickly, 
depending heavily on his power 
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armor for the needed extra speed. 
Even with Valtok's armor, the Yot still 
held the edge in agility. It was only 
because of the Yot's terrified 
mewlings that Valtok was able to 
follow its meandering flight. Finally 
Valtok caught and pinned the Yot to 
the ground with his foot. The slothlike 
creature struggled vainly, its tawny 
lion-colored fur gleaming wetly from 
the morning dew. 

"Did you really think you could kill 
me?" Valtok thundered. "Me?!" 

The yot answered with a keening wail. 

Valtok realized that questioning the 
Yot would prove to be futile-it always 
was. He drew a large knife from his 
belt and sliced a small cut on the 
neck of the terrified Yot. A small 
quantity of the Yots's light-blue blood 
dripped down the side of its neck as 



it increased its struggles. 

Valtok resheathed the knife and 
surveyed his captive anew. 

"You have heard of the wrath of 
Valtok?" He asked, with a smile of 
anticipation of his face. 

"Yot," the creature replied in its 
species' pronunciation of 'yes.' 

"Then prepare to die, fool!" Valtok 
licked his finger, bent down, and 
slowly, delicately, rubbed the saliva 
into the wound on the Yot's neck. It 
clawed and bit at Valtok's arm, but its 
teeth and claws only broke on the 
smooth skin of energized plastic 
hidden in the folds of Valtok's robe. 

Valtok held the Yot to the ground for a 
few minutes, then released it and 
watched the maddened quadruped 
writhe on the ground as the micro
organisms in his saliva made their 
way to the Yot's brain; devouring, 
multiplying, destroying tissue ... 

Valtok had recently discovered the 
fatal effect that his body's bacteria 
had when introduced to the Yot 
bloodstream, and he knew that the 
creature would live for a few minutes 
more, in intense agony. It was 
currently Valtok's favorite way of 
killing prisoners and assassins. 

After the Yot's flailings had quieted, 
Valtok returned to the ambush scene 
and picked up the weapon which the 
Yot had been carrying: a crossbow. A 
deep frown furrowed his weathered 
face. How could they have come so 
far? The crossbow was finely crafted, 
the spring made of forged and 
tempered steel. Brittle iron was the 
finest that Valtok's Yot smiths had 
been able to produce. The first steam 
engine had taken them over two years 
of work alone, with daily supervision 
from Valtok. Tempered steel meant a 
refinery, tremendous heat, coke; 
which obviously meant that Fischer 
had discovered coal also, probably 
ten or more years ago. 

Valtok swore aloud. "How can this 
be? My reconnaisance has been 
thorough. How can this be?" 

Valtok hurriedly returned to his 
sanctuary, a fortified cave complex. 

On his way he passed through the 
city, and the Yots there, not expecting 
to see him return so soon, abandoned 
their daily business and fled to their 
shanties to peer at him through the 
windows The Lord comes early. 
Something is wrong with the Lord. 

The first steam 
engine had taken 

em over two years 
of work alone, with 
daily supervision 
from Valtok .. 

The glaring sun and teal-colored sky 
only enraged Valtok further, 
enhancing the feeling of rising gorge 
in his gut. He kicked at an overseer 
who had meekly shambled up to him 
on all fours to ask if he could be of 
assistance. 

Inside his sanctuary, he arranged 
himself on some cushions and bade 
his castellan to summon the Captain 
of the Spies. 

Presently an elderly Yot appeared 
before Valtok and touched his head to 
the stone floor. 

Valtok berated the trembling Yot for a 
full ten minutes and then flung the 
crossbow at the old spy's head. 
Further questioning proved useless; 
he sent the Yot away. 

Valtok was left with two possibilities. 
One was that Fischer's refinery was 
hidden, underground perhaps. That 
would be hard to swallow: it would 
mean that Fischer was far ahead in 
the technological race as well. 

The other possibility was much more 
frightening, but less likely; the 
possibility that Fischer had 
summoned help. But how? His 
transporter and communication units 
were destroyed-Valtok had seen to 
that himself. Besides, Valtok's own 
computer had indicated no breach in 
planetary space. 

Just to be sure, Valtok went to the 
secret cavern where his computer 
and transporter were hidden. Nothing 
in the cave was amiss, the computer 
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hummed normally and the transporter 
ring glowed bright and true, with no 
sign of the telltale sparks and energy 
surges. The planet's status was intact. 

Valtok decided that once again it was 
time to act. 

Entry from Valtok's Journal, Year 22: 

Today it has happened, just as I knew 
it would sooner or later. Cenad has 
given me enough leeway, I must 
admit: Two years is plenty of time. I 
am surprised that they waited so long. 
They punched through at the 
coordinates of the communicator, just 
like I expected the fools to. Luckily I 
had the foresight to disconnect the 
computer and transporter and hide 
them. I wish I had been there this 
morning to see the look on their faces 
when they materialized in the middle 
of two hundred of my best hunters. 
They had killed over half of the poor 
creatures by the time I got there (a 
most regrettable occurrence). I had 
the two henchmen killed immediately, 
of course. What else could I do? They 
only would have caused trouble in the 
end. Besides, the Yots thoroughly 
believed them to be demons. 

auand all of that crap 
that Cenad rams 
down your throat for 
weeks on end .. 

The operative, Carl Fischer, is now 
comfortably tied to a tree. What shall I 
do with him? I remember him from my 
days at Cenad. I was just finishing my 
training and he was a fresh enlistee. 
We had lunch together a couple of 
times. I almost got to like the poor sot. 
He was always so full of enthusiasm 
and cosmos-saving rhetoric and all of 
that crap that Cenad rams down your 
throat for weeks on end. Just exactly 
like I was so many worlds ago. 

How many races of semi-sentients 
have I pulled from the quagmire of 
extinction? Ten, twelve? I can't 
remember. Then just when you get 
some semblance of a civilization 
started, Cenad yanks you out, gives 
you two weeks vacation, and sends 
you somewhere else to start the 
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whole mess over again. How can they 
expect us not to feel anything for 
these creatures? Well, I've had it this 
time. The Yots have more raw 
intelligence than any other species I 
have encountered. In these two short 
decades I have taken them from 
isolated tribes of warring nomads and 
molded them into something 
wonderful. To date we are fifteen 
thousand strong. Agriculture. A 
lumber industry. The youngsters are 
even starting to master English! Why 
can't Cenad understand? This time I'm 
not going back! 

I spoke with Fischer for a couple of 
hours. He's troubleshooter. I guess 
that makes me the trouble. This was 
his seventh mission. Seven missions 
before me he has "terminated", as 
they say. Seven people like myself 
who found themselves too caught up 
in the business. Fischer tried to tell 
me about how wrong I was. It 
sounded like he was reading word for 
word out of his training manual. I shut 
him up with my fist. Why can't they 
see? Twenty years is just too long. 
You teach, you nurture, you push 
them along. They become like 
children to you. Now Cenad comes 
and pokes its head in, after forgetting 
about me for twenty-two years. 

What the hell am I supposed to do 
with Fischer? 

* * * 

That night Valtok gathered his 
captains and began formulating his 
plans for attack. Tomorrow, 
preparations would begin. Drills, 
training. The forges would be stoked 
night and day. They had to act now. In 
a month, they would be ready. They 
would have to be. 

Entry from Valtok's Journal, Year 48: 

It's hard for me to believe that even 
after last month's attack that that 
idiotic Fischer continues his insane 
attempts to kill me. I had hoped that 
after his exile he would merely have 
gone away and lived in peace. I 
should have known better. In his 
shoes I would probably do the same 
thing. 

This morning as I was bathing, three 
of Fischer's Yots surprised me. They 

would have killed me if my guards 
had been less vigilant. Poison darts, 
no less. 

Last month, sick of these foolish 
attempts, I took six hundred warriors 
overland on a surprise attack on 
Fischer's encampment. He too has 
been quite successful in civilizing the 
Yots. This comes as a surprise to me 
since as far as I know, trouble
shooters are not trained for this 
capacity at Cenad (I learned after the 
raid from some of the captives that 
certain of my Yots had been enticed 
to join Fischer's ranks. It is clear to me 
that these traitors have helped Fischer 
to no small degree). 

Fische•· had become, 
a regretfully still is, 
a menace .. 

When we arrived at their village I was 
worried somewhat about my troops. 
They were hesitant to kill members of 
their own kind. To my knowledge 
none of them had ever done so since 
my arrival on the planets. I had hated 
to teach them such horrible deeds, 
but my hands were tied. Fischer had 
become, and regretfully still is, a 
menace. 

My soldiers were hesitant at first, but 
they followed my orders, as they 
always do. The attack turned into a 
rout, and then into a massacre. Some 
of my troops even looked as if they 
were starting to enjoy the carnage, 
and had to be restrained. I wonder 
now what Pandora's box I have 
opened. I can still see the slain and 
mangled bodies strewn about. The 
thought of it still makes me a little ill. 
Even worse: Fischer excaped at the 
last possible moment. I saw him go 
down under concentrated fire from my 
archers, but he lurched back to his 
feet and disappeared into some 
scissor-grass, and my warriors would 
not follow. 

Apparently he is not dead, and has 
not learned my lesson from the attack, 
as this morning's attempt on my life 
proves. 

What a shame for this to happen, 



especially now. We are presently 
attempting to domesticate several 
species of wild foul found in this 
region, and it is coming quite well. 
Meanwhile I have been busy 
attending to few of the Yots who were 
more seriously injured in the attack ... 

* * * 

Valtok stood under the cold green sky 
with his army of Yots ranged out 
before him like a wave waiting to 
break on a rocky beach. Four 
thousand were mustered here, all of 
them restless and quietly jabbering 
among themselves. Valtok had found 
that it was next to impossible to keep 
any sized group of Yots completely 
silent. 

The smell of burning underbrush 
reached his nose. Spear, swords, and 
helmets reflected the dull red glint of 
the overhead sun. Some four hundred 
meters distant Fischer's army stood, 
mirroring Valtok's troops. Valtok could 
see Fischer moving behind his army, 
riding on the back of a beast that he 
had never seen before. 

ith a rising yell e 
two armies moved 
together .. 

With a rising yell the two armies 
moved together. 

At the end of the day, it was over. 
Fischer and his army were gone, 
beaten off at the very instant when the 
outcome of the battle could have 
tipped to either side. The stench of 
death and the sounds of the wounded 
filled the air. Soon night would come, 
and with it the carrion eaters. 

The remainder of Valtok's forces, 
some eight hundred Yots, were 
tending the casualties and gathering 
the dead to be burned. Valtok was 
weeping silently when he was 
approached by one of his captains. 
The Yot's arm hung limply at his side. 

"Bottle going wall, Lord." It was a 
statement, not a question. 

"Yes," Valtok replied quietly. "Yes." 

Entry from Valtok's Journal, Year 213 
(last entry): 

The war is a year old now, and I don't 
find much time to keep up this jounal. 
I am weary, very tired. My only wish is 
to undo everything which has been 
done, but I cannot. Time simply does 
not flow backwards. I no longer wish 
to continue this madness, even 
though I could easily live another five 
hundred years. Going back to Earth is 
out of the question. I could never face 
them now. If this is finished quickly, I 
would like nothing more than to find 
myself an island. A nice quiet island. 

* * * 

Valtok awoke from a troubled sleep to 
the sound of clanging steel nearby. 
He had just finished putting on and 
activating his power armor when he 
looked up to see Fischer standing 
before him, holding a dripping sword. 

"At last we meet, John." Fischer 
walked closer as he spoke. "It would 
seem we have unfinished business." 

Valtok slowly rose to his feet. "What 

do you intend?" 

"I intend to finish what you started 
over two hundred years ago." 

A rage suddenly welled up in Valtok. 
"What I started!" He screamed. "I was 
doing fine here until you showed up! 
You and Cenad screwed everything 
up! You should have just left me 
alone!" 

"Yes you did have a good thing going 
here, didn't you John? Or should I say 
'Lord Valtok'? You were waited on 
hand and foot, bowed to, you had 
thousands of slaves to fulfill you 
every-" 

Valtok's scream cut him off. "Now wait 
a minute! Can't you see what I've 
accomplished here? I've given these 
creatures twenty thousand years of 
evolution! When I got here the 
average Yot life-span was twelve 
years!" 

"I see very well what you've done 
here, John. You've set up a theocracy, 
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Third Place 

by Chris Monson 

Joseph ducked out of the coach and 
paid the driver with a brand new 
Philadelphia dollar. The coarse little 
man needed only the moonlight to see 
the size of the coin, and stretched his 
hand up to his wide-eyed head and 
saluted him with a grunt. That was 
more than enough to buy him the time 
of his life on Battery Street, and as 
Joseph turned to make his way up to 
the house, a couple of gunshots and 
war whoops echoed up from the bay 
front. Battery Street knew money was 
on its way down from the hill, led by 
two steaming horses whipped up by 
their master. 

The big house looked rather sullen 
and odd this evening. The lamps that 
Horace always ordered placed in the 
tower windows were stangely absent, 
and Mrs. Dai's little paper lanterns on 
the porch steps were quivering with 
shudders from the strong breezes off 
San Francisco Bay. Joseph had never 
felt these breezes before, though he 
had been at the house nearly every 
Friday night since his arrival, and it 
gave him cause to wonder about his 
desire to live on the hill, so far up 
above the city, and suddenly so very 
cold. Mrs. Dai met him with a short 
bow, took his hat, and in her 
customary silence led Joseph to the 
parlor. She stopped just before the 
doors and turned to him with a 
quickness that belied her age. Joseph 
looked down at the craggy face into 
eyes he hadn't seen until this moment, 
and peered curiously at the woman, 
expecting some conversation. She did 
not need to speak, she let her 
concern show by this blatant 
disregard for custom. She had never 
looked at him before. Slowly she 
turned back to the doors and opened 
them, disappearing before he could 
think about what she had just done. 

The parlor was Horace Grimaldi's 
throne room, every little corner of the 

I t 

S ly she turned 
back t doors 
and opened them, 
disappearing before 
he cou think a ut 
what she had just 
done .. 

huge room filled to overflowing with 
trophy animals, flowered Chinese 
vases, small Italian porcelains and 
statues. Three English landscape 
paintings hung above the enormous 
fireplace, which with much warmth 
and puposefulness was stuffed with a 
large oak fire, casting an orange glow 
on the trappings of a lifetime of travel. 
Everyone was seated very 
symmetrically around Horace, who lay 
firmly in his mahogany chair with 
thick chains of cigar smoke hanging 
around his face. 

"Ah!" Horace said~ straining to unseat 
himself and rise to his guest, "Joseph! 
We thought you may not make it this 
week." 

"I would never miss the company of 
such fine upstanding citizens like 
yourselves." Joseph put on a cheap 
smile, and made a slavish curtsy, to 
which everyone began laughing and 
chortling at his comic rendition of the 
city's rather inept, groveling mayor. 

"You'd never miss it if we all left town, 
that is," shot back Francis, going into 
heavy fits of wheezing laughter at his 
remark, and trying to down some 
whiskey at the same time. 

"I hope I haven't ruined the show for 
you tonight Horace," Joseph said 
striding over to the sideboard for a 

drink. "I had another heavy day in 
town, this new load they've found in 
the hills has kept us very busy." 

"And making money is such work, we 
do all feel for you, Joseph." Nathaniel 
Winchard cooed these words from a 
thin, high wingbacked chair, his 
folded legs and long drawn face made 
him look like a roosting pelican, lost 
amidst the clutter and confusion of 
Horace's Victorian parlor. 

Francis adjusted his hairy bulk and 
tried to look at Nathaniel over his 
large bright pink cheeks. "Certainly 
you haven't taken advantage of these 
poor sods that land on you doorstep 
looking for money. The percentage 
you charge, or should I say steal, 
would put you behind bars in any 
state in the Union, and probably has 
guaranteed you a nice warm spot in 
Hell. Thank God for your sake there 
isn't anybody who could enforce a set 
of laws around here." Francis mut
tered this last bit under his breath, 
cuddling back up to his whiskey 
glass. 

"Thank God for all our sakes," Horace 
said. "We've all made it off the sweat 
and grime of those men in the hills, 
and off a bunch of metal that only 
looks good on royalty and women, 
none of which we seem to have much 
of in San Francisco." 

Joseph caught Mrs. Dai peering into 
the parlor through the pantry door. 
"And both of which never seem up to 
much good." The men laughed. 

Horace smiled at Joseph, and said, 
"Perhaps on that note we should 
begin the proceedings. Gentlemen, if 
you would kindly take a place in the 
dining room." 

Mrs. Dai appeared from nowhere and 
drew back the heavy maroon velvet 
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that hid the dining room from the 
parlor, and tied the curtains up on 
both sides. There were only two 
lamps lit on the back wall and the light 
from the parlor fire, so the deep rich 
colors of the oriental wallpaper hung 
with even greater mystery. An 
impressive ebony table sat squarely in 
the center of the room with matching 
chairs. A small ornate bottle 
containing a reddish liquid sat next to 
a draped object at the head of the 
table nearest the parlor. The guests 
took their seats along both sides. 

Horace had meanwhile left the room 
and soon reentered, guiding with 
great majesty a shy looking young 
man, and stood him at the head of the 
great table. 

Horace began. "I am quite sure I have 
intrigued you all by the great mystery 
with which I have tried to shroud this 
evening in, and I am now prepared to 
explain fully what I have been alluding 
to you for some time." 

"Hear, hear, I frankly don't know how 
much more I was willing to take, all 
this talk about infinite knowledge and 
so on," Nathaniel intoned. 

"Yes. I know it may have been a bit 
elusive, perhaps ridiculous, but I 
needed to know if you three were 
really the kind of men that I though 
should experience these things. That 
has been the real purpose of our 
weekly meetings, not merely to hash 
out the comings and goings on in San 
Francisco." 

Joseph cocked his head back, "A bit 
underhanded, wouldn't you say, 
Horace?" 

He was a sad 
looking lad, stringy 
hair and long arms ...... 

"My dear man," Horace replied. "This 
evening's events will most surely pay 
you back in more than just 
satisfaction for the slight 
misinformation I have lead you on 
with." 

Horace quietly seated the youth at the 
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head of the table. He was a sad 
looking lad, stringy hair and long 
arms, freshly scrubbed no doubt from 
some shack in the hills and fitting 
uncomfortably in the new clothes 
given by Horace. 

"This young man, by his simple nature 
and quiet demeanor, is the key that 
will unlock the mysteries of ages past 
and those yet to come. His name and 
background is unimportant. Suffice it 
to say, his location was the stumbling 
block in my long quest toward this 
evening." 

"About five years ago, I was on one of 
my last import trips that I personally 
made to China. You're all well aware 
that I have made very good money 
through trade with the Far East, and 
this trip was proving to be especially 
profitable. I had sold nearly all my 
goods in Hong Kong for nearly three 
times what I had expected to receive 
and had purchased some of the most 
fabulous silks I had ever encountered. 
I was expecting to make perhaps one 
hundred thousand dollars on the 
entire trip. 

Naturally, I felt it prudent to do some 
buying for myself and my home. My 
contact in Hong Kong was a 
wonderful old Chinese soldier, Xiang 
Lu, whom I may add made quite a 
nice living off of me. Knowing of my 
good forturne on this trip, and being 
the last time we would see each other, 
Xiang gave me a beautiful lacquered 
box that had been given to his father 
by a Buddhist priest for safe keeping 
during the holy wars of the 1740's. No 
one had ever opened the box for fear 
of a curse that the old priest might 
have put on it for protection. Of 
course, my fear of such things was 
non-existent, and when I returned I 
promptly opened it up for inspection. 
This, my friends, is what I found within 
it." 

Horace lightly removed the drape 
from the object on the table. A large 
olive green stone sat on a highly 
carved black lacquered base. Four 
warriors stood at each corner of the 
base in full readiness for battle, with 
mouths twisted in screams and 
swords held high. The stone was 
rounded and smooth, but had a 
strange translucency that made it 

appear soft and cloud-like, very much 
different from the terrible figures 
surrounding it. 

Four warriors stood 
at each corner of the 
base in full readiness 
for battle, with 
mouths twisted in 
screams and swords 
held highm 

"This is the Knowledge Stone," 
Horace said slowly, gazing at it with 
excitement. "By legend, it was given 
to Murachi, the first Emperor of China, 
by Buddha himself to guide the 
prosperity of the new nation. 
Throughout the years, it was said to 
have fallen into the hands of both 
good and bad, and then suddenly out 
of sight. I had heard of the legend, but 
made no connection with this stone 
until the employment of Mrs. Dai, my 
housekeeper. As every child in China 
has learned the story, so had she 
before coming to this country, and 
through some of her friends visiting 
the house, the secret of the stone, 
which I had simply been exhibiting in 
the library, became known to me. The 
instructions for using the stone were 
not quite so clear, and it has taken me 
these last five years to put the 
information together to my 
satisfaction." 

"And to our amusement," Francis 
decried. "Does it grow lips and speak 
wisdom, or do you rub it to make a 
genie appear?" He sat upright buffing 
his fist to mock Horace. 

"Neither Francis. The stone will give 
out its knowledge only to the touch of 
a pure and simple person, someone 
not encumbered by the vice of people 
like us. It answers questions through a 
medium, the stranger seated here 
next to you. Finding the young man 
was most difficult in wicked 
California." Horace took the little 
bottle from the table and quietly 
instructed the man to drink its 
contents. He looked up at Horace 
painfully, but dutifully drank the bottle. 



Horace took the man's hands and 
placed his fingertips gently on the 
stone before him, drew back and sat 
on his left hand side. 

The men sat in amazement as the 
young man, who would become a 
connection to all Horace had told 
them, slowly dropped his eyelids and 
nearly ceased breathing, his slouched 
body still gently touching the stone 
through his fingers. 

"All is ready," Horace whispered, 
barely above the sounds coming from 
the fire. "We may ask him anything." 

Mrs. Dai, again peering from the 
pantry, rustled into the room and fell 
at the side of Joseph. The darkened 
scene of the entranced young man 
had so riveted the gathering that the 
appearance of the old woman barely 
was recognized. She grabbed at 
Joseph's sleeve, weeping. "You not 
like these men. You good. Do not ask 
the stone bad things. One bad thing 
will make someone die." 

Joseph looked at this pitiful sight 
clutching his arm and rocking back 
and forth on the floor and turned to 
Horace with anger. "What is all this? 
Some well-staged theater? You've 
managed to get this poor woman 
pretty damn worked up." 

Horace's little eyes bugged out in 
amazement at the scene next to 
Joseph, not because of what she said, 
but because the the woman had never 
spoken before, to anyone. "It is no act 
my friend," he said quietly pointing to 
Mrs. Dai. "I know of no questions that 
cannot be asked, and nothing about 
good and bad." 

Joseph surveyed the faces around the 
table, and neither Francis or Nathaniel 
seemed influenced by the woman's 
plea. The young man sat transfixed on 
the stone. 

He turned down to her and said, "I 
must believe that we can learn good 
from this thing." He put his hand to 
her face and she clutched it briefly, 
then fled out, knocking a vase of 
zinnias off a little endtable, which 
crashed down splattering water and 
blossoms over the maple floor into the 
parlor. She turned to look back at 

what she had done, but simply threw 
her clenched hands up to her face 
and dashed off. 

The room was very still, but for the 
roar of the hearth, while the men sat 
looking beyond each other at the 
events of the last few minutes. A rock 
that could tell anything, the secrets of 
times past, the happenings of the 
future? A livid little woman with real 
fear in her eyes? What of the strength 
of this knowledge? The things that 
could be asked, the power of learning 
the forgotten, the discoveries of the 
yet to come! The flickering orange 
glow from the parlor fire lit the faces 
of the four men thinking the same 
things. 

Horace lifted his head and drew a 
breath. All eyes rested on his. He 
curled his lips and looked at the 
young man silently guarding the stone 
with his blank face and limp finger 
tips. "Tell me about the death of Julius 

Caesar." 

Slowly the young man straightened 
up, his thin hair moving across his 
face, while his grip on the stone 
became more intense. It warmed to 
his touch and somehow became 
whiter deep within, almost glowing. 
Francis drew back into his chair, as 
the young man's face grew strong and 
chiseled, a warrior from another time. 

He began to speak as though present 
at a great celebration in a great city. 
He described Rome in intimate detail, 
the people, the edifices, and the 
power of the empire vested in the men 
the great ruler kept around him. The 
vision, the fear, the bravelessness of 
the act came alive in Horace's dining 
room, and all sat transfixed by the 
voice of a proud citizen recounting 
the loss of a leader. When finished, he 
sat still, no breathing, then suddenly 
the youth slumped back over the 
stone, as powerless as he appeared 
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when Horace first sat him down. 

The wonder of what had happened 
was lost on no one. Nathaniel began 
to fidget, then he quietly blurted, "It's 
true. I've been there, he described 
Rome like it is, or was, and things that 
no historian has known. It's really true. 
This boy could not have known any of 
this. That stone ... " His eyes lowered to 
the smooth rock, now cold and 
lifeless among it's four angry warriors. 
Nathaniel's forehead grew tight, and 
he bravely advanced on the young 
man over the table, putting a finger to 
his chin. "What of the building of the 
Pyramids?" he said. 

The stone churned creamy and 
quivered the touching hands. An old 
priest became of the young man, age 
poured across his face, and the lines 
of many hot summers seemed to 
appear on his brow. He spoke in an 
exotic, but clear dialect about the 
stone cutting, the rollers, the pulleys 
no one had thought they had, as well 
as the lifting capabilities of winches 
and wheels. The walls of the dining 
room were witness to the greatest of 
construction projects, the perfection 
of the forms, and the other worldly 
reasons that commanded they be 
built. Amazement ·shown on every 
face around the table, the stories so 
complete that time seemed to be of no 
importance. They were wherever this 
young man was guiding them. 

The evening went on and on, each 
member of the knowledge feast 
asking everything they always wanted 
to know, the stone becoming alive 
and flowing out through the person of 
the youth. Francis asked about 
Shakespeare and the Battle of 
Hastings and about how his shipping 
concerns would fare. They learned of 
starships and thought travel and the 
war that would soon begin over the 
differences in their own country. 
Joseph pursued science, the making 
of the first timepieces, electricity, 
nuclear fusion two centuries way, and 
life on new planets. Nathaniel learned 
everything he'd need to do in the next 
50 years to make himself even more 
disgustingly wealthy. They simply had 
to ask, and the young man obediently 
replied to the stone's orders, always 
returning to his sleepy, induced 
trance, and always leaving the men 
about the table collectively awestruck. 
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The fire in the parlor had died down 
hours before, and a cool draft shook 
Joseph away from the last vision to 
the first morning rays warming up the 
dining room windows. Horace looked 
over his assemblage with pleasure, 
and felt nearly burdened by the things 
that had been said to them, as did the 
other men. But he was not as content, 
and he announced he'd like the honor 
of asking the evening's last question. 

Francis shifted his tired bulk back 
again. "Make it a good one, 
something we don't need to know or 
want to know. I'd like something 
different." He rubbed his baggy face 
and yawned. 

"Yes, try a different angle," Nathaniel 
intoned, replacing his sharp knees 
across one another. 

Joseph looked down from the dead 
chandelier after skimming the nights 
events over again. He stared at 
Horace knowingly. "Ask something 
bad." 

Francis blinked more ~lertly at 
Joseph, and Nathaniel began flapping 
his right leg. Horace sat calmly, and 
smiled at Joseph. 

"We've all been so attentive to our 
little whims and petty personal 
advances. I believe we have entirely 
neglected what men have wanted to 
know about for centuries. Time told or 
will tell all we have asked so far, what 
about that which we all come to know, 
but can never learn from another? 

Nathaniel looked crookedly 
perplexed. "For heaven's sake sir, 
what is it?" 

"You're on the right road, my friend." 
Horace turned to the young man, and 
gazed into the blank stone. "Tell us," 
he said slowly, "about Hell." 

Joseph's heart beat perceptively' 
harder, and he sat straight in his chair 
rubbing his palms on his knees. His 
partners became equally alert, 
Nathaniel quivering his lip and 
Francis suddenly very nimble. No one 
spoke up to stop it. 

The stone remained lifeless for a very 
long time. The young man groaned 
and rolled his head. It was his own 

weak voice, not like the other 
personalities that had come to life 
over the evening. Joseph looked to 
Horace discouragingly. 

Slowly, the stone became a stormy 
red, illuminating the Chinese 
wall paper and the transfixed stares of 
the very small men squatting in the 
highbacked chairs. It sucked the 
fingers of the youth tight to its surface, 
and he began trembling and breathing 
rapidly. His groans became yells and 
he strained to pull himself from the 
burning stone, his head yanking 
backward, jerking his whole being, his 
mouth tightening into silent 
contortions. He clearly was trying to 
stop himself, his tongue gagging his 
rapid breaths, his chest tying itself up, 
while the rest of his body shook 
uncontrollably. The violence occuring 
before the other men was primeval; 
they could neither move nor speak. 

The boy began thrashing in his seat, 
his flesh burning in sweat as he tried 
to release himself from the torture. 
The stone sat intensely red, reeling 
with flashes a.nd sparks within, not 
letting go of its human connection. It 
was too powerful for words, the 
screaming and cries became more 
convulsed and horrible. 

The glowing and the terrible shaking 
made the young man into a puzzle of 
bits and pieces, arms and torso 
waving violently apart, head twisted 
and unrecognizable. 

Joseph gagged in horror at the 
apparition, and dove out of his seat 
across the table towards the blinding 
heat of the stone and swiped it off the 
ebony table. The youth flew back with 
it, his body like a comet's tail to the 
evil flying onto the parlor floor. 
Something screamed from deep 
within the twisted flesh following the 
stone as it hit and burst into blood-red 
shrapnel that danced over the wool 
rugs and mahogony chairs. The light 
died in the parlor as the onlookers 
stumbled in on the withered youth 
sprawled helplessly dead, his hands 
and fingers pulled over his head still 
following the disintegrated stone, 
whose bits lay scattered and cool 
green on the wet floor, among the 
withered zinnias. 
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PAT, THE W~SE SPEAKS 

Hello, I'm the famous, awe-inspiring, 
intellectual giant called Pat the Wise. 
Hold your applause until the end of 
the article, please. You've all heard of 
the Blarney Stone and its power over 
the Institute of Technology. The 
Blarney Stone, of which I am the 
guardian, is responsible for all of what 
is good in IT. You can blame the 
administration for the rest. 

With recruiting down on campus, I 
feel that it is necessary for me to make 
my presence felt once again. I will 
consult with Mr. K, your mustashioed 
leader, about improving the lot of IT 
students. I believe that providing a 
complimentary HP calculator to all 
incoming IT students would be a good 
start, don't you? 

For now, I will give you a few good 
hints on how to survive and thrive on 
campus. First, treat your fellow IT 
brothers and sisters with respect. 
Second, carry a lucky shamrock with 
you at all times (especially during 
exams). Third, observe St. Patrick's 
Day with reverence. Fourth, humble 
yourself before the power of the 
Blarney Stone. Last and most 
important, show up and participate in 
IT WEEK (May 4-8). 

If you have any questions about life, 
the universe, or IT WEEK, feel free to 
contact my fanatical followers ... those 
who call themselves Plumb Bob 
Honorary Leadership Society 
(626-1552). They will do anything I 
ask of them. Until the next time I 
speak, remember these words: "He 
that would govern others, first should 
be the master of himself." 

Human Volume 

by Jim Willenbring 

Finding a comfortable way of 
measuring the volume of the human 

body has been a priority of some 
scientists and engineers, and it looks 
like a solution using an acoustical 
method is on its way to reality. In most 
cases, body volume is determined by 
total submersion in a tank of water; 
the person's volume is calculated 
from the amount of water he or she 
displaces. 

At the American Society of 
Mechanical Engineers winter meeting, 
December 7-12, in Anaheim, 
California, W. Gregory Deskins, a 
scientist at Hoover Keith & Bruce, Inc., 
presented the new concept that uses 
the principle of the Helmholtz 
resonator. 

The Helmholtz resonator principle is 
best observed when air is blown over 
the top of a bottle, producing a 
different sound for each level of the 
liquid inside. The acoustic body 
volumeter uses the same principle in 
its determination of volume. 
Background noise is introduced into 
an empty chamber and is varied so 
the resonant frequency is found. Mass 
is placed into the chamber and the 
frequency rises. The object volume is 
then found using this frequency 
difference. 

The advantages of the volumeter in 
the medical field are already being 
looked at. Body composition is 
determined using mass and volume 
and is a factor important in the proper 
feeding of premature infants. 
Measuring volume by total immersion 
is not applicable for infants. The 
proper diet for adults with nutritional 
problems can also be discovered 
more comfortably with the acoustic 
body volumeter because the amounts 
of fat and lean mass are found from 
body composition. 

Research in the calibration of the 
chambers is continuing. The possible 
adverse affects of clothing, hair, 
motion and position are being 
considered. With these minor 
obstacles out of the way, a reliable, 

safe and rapid system for measuring 
body volume would be readily 
accepted for many uses. 

Source: ASME News Release 

Controlling Plastics 
Properties 

by Jim Willenbring 

From a new computer model 
developed at AT&T Bell Laboratories, 
engineers will be able to better 
understand the electrical and 
mechanical properties of plastics. Up 
until now, the process of developing a 
polymer with particular properties has 
been one generally based on trial and 
error. With the computer model, the 
properties of a new polymer can be 
predicted by observing the 
temperatures at different stages of the 
processing and the molecular 
structure of the polymer. This 
simulation can greatly cut down the 
amount of experimentation needed. 

The computer model can work in 
three different ways. Based on the 
processing methods and the chemical 
structure of the polymer, the model 
can predict specific characteristics 
like electrical properties and high
stress strength. Another use is the 
ability to predict the long-term 
behavior of the polymer given only the 
results of a small amount of lab tests. 
Finally, the simulation can be used to 
"reverse engineer" a plastic. Given 
some solution to a specific 
characteristic of the polymer, it can 
tell you what the material is and how it 
was made. These applications of the 
computer model show promise to 
save much in the areas of testing and 
experimentation of plastics. 

Source: AT&T News Release 
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An Extraordinary New Novel By 

B9ok Four of Incarnations of Immortality 

by Renee Hanson 

Wielding a Red Sword, Piers 
Anthony, Ballantine Books, 1986, 
hardcover, 297 pages, $16.95. 

Wielding a Red Sword is Book Four of 
Incarnations of Immortality by Piers 
Anthony and is billed as a complete
in-itself novel. 

The plot of this novel involves an 
Indian prince, Mym, who gets angry at 
his father for interfering with his love 
life. He accepts a position as the 
Incarnation of War (Mars, as he is 
otherwise known). Mym then meets 
Satan and discovers that Satan has 
been interfering in his life. Mym must 
find a way to defeat Satan. 

The characters are difficult to assess 
in this novel. The main character, 
Mym, is Hindu and maintains his 
Hindu principles throughout the book, 
yet he's thrust into a Judea-Christian 
religious system and constantly 
reminds himself that he's Hindu and 
believes in reincarnation. "I have no 
truck with Satan!" Mym sang. "I hardly 
believe in him! I am Hindu!" 
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Many of his dilemmas could have 
been avoided if he didn't "need" a 
female companion constantly. This 
was perhaps overplayed in the novel. 
Mym didn't seem to learn from his 
mistakes until the end of the novel 
when he started making decisions 
and standing by them without backing 
down under pressure or blackmail. 

The biggest disappointment was not 
so much with the book but with the 
book jacket. The entire plot of the 
book was summarized on the jacket 
cover so there were no surprises for 
the reader. 

The novel does succeed as a 
complete-in-itself novel and 
continues the series Piers Anthony 
started, setting up further books and 
conflicts between good and evil. 

The Mirror of Her Dreams, Stephen R. 
Donaldson, Ballantine Books, 1986, 
hardcover, pp. 642, $19.95. 

Stephen R. Donaldson has produced 
his first novel after his sixth book in 

the Thomas Covenant series. This 
new book titled The Mirror of Her 
Dreams, like Thomas Covenant books, 
is a story about an anti-hero which is 
a person who is a hero in spite of 
herself. 

The story revolves around Terisa, an 
insecure your woman who is 
translated through a mirror to another 
world. The world she is translated to 
has mirrors which behave quite 
differently from what she was used to. 
Terisa's fascination with mirrors plays 
an important part in the story. "Mirrors 
had a seductive beauty which spoke 
to her-but that wasn't the point. The 
point was that there was virtually no 
angle in her apartment from which 
she couldn't see herself. That was 
how she knew she existed." 

This book has wonderful qualities. 
The lead female character is well 
thought out. She feels and thinks like 
a believable character. For example, 
she doesn't think she's beautiful and 
doesn't believe anyone could love 
her. Her development is also 
thorough. At the beginning of the 
story, she is passive and unable or 
unwilling to defend herself. By the end 
of the book, she is starting to take 
action and think and reason for 
herself. Also, as an anti-hero, Terisa 
doesn't believe she's the hero people 
are expecting her to be and yet she's 
compelled to act. This is a different 
and refreshing tactic to use with the 
main protagonist. 

The other main character is Geraden. 
He is the clumsy apprentice who 
brought Terisa to the world of 
Mordant. He has been an apprentice 
to the Masters who make the magical 
mirrors for ten years-longer than 
anyone else. Geraden means well but 
he can't seem to do anything right. 

Donaldson's use of language also 
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under our sheltered earth blanket. Project OPVOMS skyrocketed with United Nations' funds, while eager agricultural 
technicians flocked aboard spacecraft from all eight quadrants to utilize long wasted futuristic farming methods. Hovering 
tractors, making use of the low "g" force, use a vacuum approach to harvesting enabling the farming engineer to remain safe 
and comfortable away from the low oxygen atmosphere. Numerous other agricultural techniques are on the laser screen in 
laboratories around our globe, promising to make the Martian endeavor as practical as it is adventuresome. 

As I gaze through my telescope, I look now upon an emerald planet where our starving ancestors once viewed a red, desolate 
mass. From wind-swept, iron-rusted, silicate land, we have sprouted fertile fields teaming with living nutrition for future 
generations. Long-captive waters now race through Valles Marineris, following ancient paths towards fields of hybrid corn and 
rice paddies. We have done all this in a mere fraction of geological time, bending nature to aid in our quest. Bringing to life a 
planet, we have saved our own. The Martian project will continue to work. We, the world, will make it. Venturing onto a new 
planet, we have ended in success and begun in life. 

Reading from 28 

makes the story enjoyable. He uses 
colorful words like "lugubrious" to 
describe things. 

This book is fast paced and exciting 
but it does have some drawbacks. 
The first is its cost. At $19.95 it's very 
expensive. And also, it's a lengthy 
book with six hundred and forty-two 
pages. That's an extensive piece of 
reading. 

The biggest drawback, however, is 
the ending. This book is set up for a 
sequel. The caption above the title 
reads "Mordant's Need" and also the 
title of the next volume is given at the 
end of the book-A Man Rides 
Through. With this, Donaldson leaves 
the reader hanging a little bit too 
much at the end of this book. The 
Mirror of Her Dreams is not a 
complete story in itself and required 
another volume to answer all the 
questions the first volume raises. 

Despite the drawbacks, this book may 
well be Donaldson's next bestseller 
and is an excellent story. If you can, 
wait for the paperback but do read 
this book and try to wait as patiently 
as possible for the next volume A 
Man Rides Through. 1 

Knowledge from 26 
Horace stood leaning, astonished at 
what lay about in his parlor. He 
staggered to the boy, and closed his 
mouth as he turned to his 
companions and stared sadly. Joseph 
distraughtly recalled words said 
earlier, about not asking the stone bad 

Prof. Bernard Richmond 
President 
Project OPVOMS 

things. Some things are never meant 
to be known, he thought. A. 

Forever is a long time, but not 
as long as it was yesterday. 
-Dennis H'orgnies 

The intensity of the conviction that a 
hypothesis is true has no bearing on 
whether it is true or not 
-Sir Peter Medawar 

At Kinko's, we've been expanding our desktop 
publishing capability. We now have four Mac 
512K's and one AppleTM 20 megabyte hard drive. 
Add to that two LaserWriters, one a Plus. And 
ThunderScan. And a modum. In addition, we've 
connected an ffiM PC XT to our LaserWriter via PC 
MacBridge. 

Plus, we're open 24 hours, everyday except 
holidays. 
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the world. It was only during the last 
few days, when only a few of us 
remained that the secret was 
discovered. 

"You see, Steen, I haven't slept for 
four days. In all parts of the world the 
same thing is happening-people are 
not sleeping ... " Walsh's voice trailed 
off, his eyes meanwhile studied 
Rogal's face. "I can tell that you have 
confirmed what we determined 
yesterday: neither the bacteria nor the 
virus can be effectively destroyed. 
This time," Walsh's voice was firm, 
"You will not escape your 
responsibility." 

Steen watched as Walsh turned and 
slowly walked away. The ideas 
flooded his mind at once. The data 
from the Olmec civilization finally 
made sense. The people had 
disappeared without a trace, with only 
a few migrating out of the Yucatan 
Peninsula. The only remains with skull 
formations characteristic of the 
bacterial infection had been from 
molten tar pits where presumable the 
people and bacteria had died almost 
instantaneously. For all the others, 
they had died, or more likely were 
killed by the bacteria, with the 
bacteria then using their powers of 
degradation to break down the 
corpses, bones and all, into their 
basic molecules before they died. 
Steen's lab tests had confirmed the 
incredible strength of their 
degradative enzymes. He shuddered. 
The same thing had probably 
occurred in Egypt, with the infected 
workers dying and decaying in days. It 
would account for the small 
population estimates from the time, 
but not the absence of any records of 
the event. Possible the plague had 
flashed so fast that the uninfected 
could not escape before they too 
were affected. Steen had no idea 
when the bacteria would start to kill 
off the populace but he knew that he 
would be held responsible. He only 
had a limited time left in his lab before 
they came to get him. He felt no fear. 
He shut off the lights in his office and, 
walking quickly through the halls to 
his lab, he began diagramming new 
tests in his mind. A. 
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with yourself as God." Fischer spoke 
softly and evenly. "You're nothing 
more than a slavelord to these people. 
They're no more free now than when 
you got here, even less so. Your 
methods are flawed, John, you failed." 

"You are wrong! Everything was fine 
until you showed up!" The veins on 
Valtok's neck were standing out, and 
his fists were clenched. "You're so 
blind, can't you see anything? You're 
the one who forced me to teach them 
to kill!" 

"Everythi was fine 
until you showed 
up!'' 

"It's you who are blind John. Blind to 
your own disease. Teach them to kill? 
Don't you see that war is a natural 
part of sentient life? How do you think 
that humans evolved? By being nice 
to each other? Killing is just a phase 
of evolution, John. You've just never 
been around to see it until now, that's 
all. They'll evolve out of it in a few 
thousand years, just like we had to. 
For that matter, how long do you think 
that the Yots would have put up with 
you? Don't you see that it isn't for you 
or I or the Central Administration to 
control the evolution of these 
creatures? Your function here was to 
give the Yots a head start, a foothold 
on life, nothing more." 

"You're wrong!" Valtok screamed and 
went for Fischer's throat. The two men 
grappled, sparks flying from Valtok's 
armor as he strove to crush Fischer's 
spine. 

uaSparks flying from 
Valtok's armor as he 
strove to crush 
Fischer's spineg 

Fischer dropped his sword and 
reached his hand behind Valtok. It 
was his only chance. He groped 

helplessly for an instant before he 
found the surgically implanted plug in 
the base of Valtok's skull that 
connected his armor to the medulla 
oblongata of his brain. A sharp tug 
rendered the power armor useless 
and Valtok collapsed on the floor. 

Valtok lay on the polished stone, 
breathing heavily. A trickle of blood 
dripped from his nose. 

"No John," Fischer said sadly. "You 
are the one who is wrong. You've 
been wrong all along. Wrong about 
me and wrong about the Yots. It was 
the Yots who followed me away from 
your city who first tried to kill you." 

Valtok shook his head but said 
nothing. 

"Yes John, it's true. I didn't want to kill 
you, I only wanted to take you back 
with me. It was the Yots all along. 
Your Yots didn't obey you out of 
respect of admiration, they obeyed 
you out of fear. You just took things 
too far, much too far. You have 
become a monster." 

Valtok coughed thickly and looked up. 
.His nose was bleeding freely now. 

"Now what?" He asked. 

"Now it's time for me to collect a 
hundred and ninety years of 
overtime." 

Valtok tried to get up, but couln't. "I'm 
not going back, Fischer." 

Fischer stared at the crumpled man 
on the floor for a long time before 
answering. "I know John, I know." He 
turned and quietly walked to the next 
room. There he found Valtok's journal 
and some other artifacts. He sat down 
and began reading. 

After some minutes he closed the 
jou rna I and went to find the 
transporter. He found the machine, set 
the controls, and stepped through. 

Outside the cave, the sounds of 
fighting could still be heard in the city. A. 
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IT Connection 

by Jim Willenbring 

The IT Connection, an informational 
biweekly newsletter for IT, is in its 7th 
year of production since its inception 
in 1981. The need for a way to 
disseminate information pertaining to 
the IT community of students, staff 
and faculty was identified as a 
growing problem. Scott Dako and Dr. 
John Clausen initiated the newsletter 
that appears today as the IT 
Connection. Published by the IT 
Board of Publications (also the 
publisher of the Technolog), the 
Connection is funded through student 
service fees and a grant from the IT 
Alumni Association. Scott Dako was 
the editor for the first two years and 
established the basic format and type 
of news that is included in each issue. 
The Connection's appearance has 
changed dramatically since its 
conception, but its purpose and 
direction to keep the IT community 
informed about events and 
opportunities has remained the same. 

This year's editor, Steve Littig, has 
added a few new features to the 
issues. A column called "Career 
Connection" by Eileen Kiely, the IT 
Director of Placement, gives many 
helpful tips for IT students looking at 
career options. Steve hopes that this 
column has increased upper division 
student readership. On the light side, 
Tech Trivia and a one frame comic 
called "The Near Side" have been 
started to provide a little 
entertainment. The IT Connection has 
been an excellent source of 
information for the IT community in 
the past and will continue to do so in 
the future. A 
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vacuum tube. I ate some fruit loops 
and sent the bowl on the conveyor 
belt to be washed. 

I picked up my school computer and 
checked the homework microchip. 
After I made sure my homework was 
done, I put everything in my pocket. 
The purple light over the desk where I 

keep my school equipment started to 
flash so I ran and caught the bullet 
bus to school. A 

Any country that can afford to spend 
seven billion dollars a year on 
cosmetics can afford a space 
program. -Gene Roddenbury 

e 

If your experiment needs statistics, 
you ought to have done a better 
experiment. -Emest Rutherford 

If fifty million people say a foolish 
thing, it is still a foolish thing. 
-Anatole France 

lett~ ac ard 
rein e ts the 

calculato. 

The new 
HP,28C does 

things no other 
calculator can. 

Like algebra and 
calculus using vari, 

abies in letters and 
words, such as x, y 

and zebra. 

It does matrix, vector 
and complex number 

arithmetic. Plots func, 
tion and data points. 

And solves for any vari, 
able in any order. 

How does the HP,28C do it? With menus, softkeys and 
the largest number of built,in functions of any calculator 
ever. 

It isn't more of the same. It's the reinvention of the 

calculator. See it today. $209.90 HEWLETT 
PACKARD 

IELS 
RIDGEDALE ® ROSEDALE Ell BURNSVILLE CENTER 
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Officers in today's Nuclear Navy develop their 
talents working with some of the most sophisti
cated equipment in the world. The Navy operates 
over half of the nuclear reactors in the U.S. Being 
the best in nuclear engineering takes a lot of talent 
and the hands-on experience the Navy provides. 

As a nuclear propulsion officer candidate, you 
can earn s1,200 a month starting your junior year 
of college. Plus you get a $4,000 bonus upon accep
tance and enlistment into the program, and another 
$2,000 when you complete your Navy studies. 

After college graduation, you receive a year of 
graduate-level education. And you get the respon
sibility, respect and experience that can take you 

to the top of one of America's high-tech industries. 
And, as a Navy officer, you get exceptional 

benefits, and a solid salary that can grow to 
S4s.ooo after five years. 

To qualify, you must be working toward, or 
have earned, a bachelor's degree and be a U.S. 
citizen between 19 and 25 years of age. You must 
also have completed a minimum of one year each 
of calculus and calculus-based physics with a "B" 
average or better. 

Start your career at the top. And lead the 
adventure as a Navy officer. Call Navy Manage
ment Programs .. There e a no o b I i gat ion .. 



At today's GE, young engineers like 
Mark Simmons are pushing micro
electronics to the limit, and beyond. 
In design applications that take them 
from the ocean floor to the automated 
factory to outer space. 

With each breakthrough, an amazing 
revolution takes place. As each new 
GE chip design multiplies micro
processor capacity, so grows our 

capacity to design more powerful, 
more accommodating chips. 

Consider some recent GE develop
ments. Our custom-designed 
Graphics Array Processor converts 
massive amounts of information into 
simulated 3-0 images. With far less 
time and expense than conventional 
computers require. 

Or GE's Advanced Very Large Scale 
Integrated Circuits. With feature sizes 
a hundred times smaller than a 
human hair. 

What's our "electronic blueprint" for 
the future? Solar energy chips that 
power their own intelligence and pave 
the way for deep space exploration. 

General Electric is an equal opportunity employer. 

Fifth generation computers that build 
on the astonishing speed and capacity 
of chips taking shape today. Plus start
ling ideas still in the minds of our 
engineers. 

If you're drawn to the challenges of 
microelectronic design, you should 
have designs on us. At GE locations 
throughout the USA, we design, 
manufacture, use and explore 
breakthrough applications in micro
electronics. 

Come contemplate the infinite 
universe. Flex your gray matter with 
the great minds at GE. 

If you can . 8m it 
can it 

• A registered trademark of General Electric Company. 
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Advancin T chnolc, 
As technology advances, those committed to their future will succeed. 
These are people who view obstacles as challenges. To them, inno
vation is the master key that releases new ideas and methods. From 
themselves they demand only the best. And they hold the brightest 
futures. 

At NCR Comten, we seek out these people. People who will keep us 
going strong. We're one of the leading designers, manufacturers and 
distributors of data communication processing systems. To successfully 
spread information worldwide, our products have to be the best. Our 
top-notch employees make them that way. 

If you are a University of Minnesota computer science or electri
cal engineering major and you won't settle for less than the best, we 
may be able to help you. You can be at the front of our high tech push 
for excellence. You can work hands-on with some of the most soph
isticated data communications processing systems available. You can 
join NCR Com ten, a solid, state-of-the-art company full of challenge and 
opportunity. 

We offer ongoing advancement potential, recognition for your exper
tise, an extensive compensation package and a chance to hold a bright 
future. If you'd like more information about career opportunities with 
NCR Comten, check with the Placement Office to see when we'll be on 
campus interviewing or send your resume to the address below. 

Personnel Dept. DL 373 
2700 Snelling Avenue North 
St. Paul, MN 55113 

An Equal Opportunity Employer 
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In 1971, the Soviet Union launched its 
first orbital space station. This launch 
exemplified their commitment to a 
permanent manned presence in space. 
On February 20, 1986, they launched 
the core of their permanently manned 
station called "Mir," which means 
peace or world. In the time between 
these two launches, the Soviets have 
logged over 90,000 flight hours in 
space compared to our nearly 40,000 
hours. They have a much larger 
knowledge base about endurance in 
space than we do. We can only slip 
behind more as we will not have the 
shuttle in operation until around 1990. 

This might not be so bad, some people 
say; after all, we have different goals 
for our space program, so competing 
with them is silly. Now, however, there 
is a new twist to the story. 

Last year, the Russians formed a new 
space agency to market time on their 
space vehicles. This agency is called 
Glavkosmos. They have offered space 
on their station for rent and offered 
some of their rockets for sale. 

1m 

I 
As the saying goes, "All good things 
must come to an end." and Volume 67 
of the Technolog is no exception. I 
have enjoyed editing the Technolog 
this year and I am pleased to pass it on 
to next year's editor and this year's 
assistant editor, Jim Willenbring. Jim 
will be a junior in electrical 
engineering next year. He is well 
prepared for the job and has some 
exciting things in store for Technolog. 

li 
They appear to be ready to market 
their program with Western European 
and Japanese diplomats, diplomats 
who usually work with the U.S.; with 
whom we have alliances and have 
entrusted some technologically 
advanced circuitry. This hardware 
would be lifted into space from bases 
deep within Russia, easily accessible 
to Soviet military personnel. 

Most of these countries appear to 
prefer the U.S. space program, but 
since it is severely hampered for a 
while and since our government is 
doing little to assure them that we are 
committed to helping them get into 
space, they are seriously looking at the 
Soviet's offer. 

The French have already agreed to 
send an astronaut to Mir in 1988 to 
take a space walk and to conduct 
experiments. 

The British signed an agreement last 
year which stated their intent to 
cooperate with the Soviets in an X-ray 
astronomy satellite and to share data 
from the Soviet mission to the Martian 
moon Phobos in 1988. In addition, the 

f 
Just as my job will be turned over this 
year, so will many other Technolog 
positions. If you are interested in 
having an active part in producing the 
Technolog or the IT Connection, stop 
by Room 2, Mechanical Engineering 
before the end of the quarter and 
speak with Jim or the new Connection 
editor, Scott Hoffer. 

I will be contributing to the Technolog 
next year, but my main concentration 

r ti r 
Russians have offered to let them use 
Mir's material processing furnace 
which is capable of producing high 
quality crystals and alloys. 

Iran and Finland have already agreed 
to launch satellites with the Soviets 
and even people in our own country 
have been dealing with Glavkosmos: a 
group of Houston investors has set up 
a company to market the Soviet Proton 
rocket in the U.S. pending approval by 
the Soviet government. 

Now more than ever, it should be clear 
that we need to invest in our space 
program. Aside from the many 
advantages which others have argued 
in the past, such as the numerous 
technological spinnoffs, it is now 
extremely important as a foriegn policy 
tool that we keep our space program 
operating. 

We can't afford to lose European 
cooperation with us on space policy. 
The Soviets will soon have an 
immense base of experience in space 

Spaceto 7 
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will be on working toward graduation. 

Thanks to all who have participated in 
any way with this year's magazines. It 
takes a lot of talented people to deliver 
to you the finished product that you 
know as the Minnesota Technolog. A 

Mark Werner 
Editor 
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By Scott D. Hoffer 

Jim Willenbring A Bridge ~o 
Span the Times 

Jim is a sophomore in electrical 
engineering. He has been on the I.T. 
Board of publications since winter 
quarter '86, and is also the assistant 
editor of the Technolog. One of Jim's 
methods of relaxation is to shoot a 
game of pool. He pre-fers the Beatles 
over the Monkeys by far, and pringle's 
Cheese-Urn's are his favorite artificially 
flavored snack food. Of I.T. classes and 
his fellow students, Jim says they 
"need to lighten up a bit, trying to 
absorb all the facts and theories alone 
is enough to drive almost anyone into 
the 'nerd' stereotype." 

No photo available 

Sasha Braude P.J.&H. Building 
Sasha is a junior in electrical 
engineering. This was her first writing 
experience for the Technolog, but she 
was the I. T. Connection editor during 
the '85-'86 school year. Sasha moved 
from Russia to the United States when 
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Debbie Carlson Tr;:mscontinental 
Tracking 

Debbie is a senior in electrical 
engineering currently working with 
military avionics of Honeywell. She is 
an analog rather than digital engineer. 
Debbie also has a degree in 
journalism. This is her first article for 
the Technolog. After a long day of 
school or work she enjoys either 
aerobics or watching television. Her 
favorite hair care product is Swedish 
Botanical Formulae Mousse. When 
asked what really bothered her, this 
Minnesota student was quick to reply 
"cold weather." 

she was 13. She definitely prefers new 
wave music, and has been listening to 
a lot of the Talking Heads lately. When 
asked to rate her bowling skill on a 
scale of one to ten, Sasha safely rated 
herself a five. 

David Kortenkamp An Architect's 
Dream Tool 

Microchip Etching Process 
David is a senior in computer science 
with minors in both psychology, and 
math. He has written for the 
Technolog for three years. David 
hopes to research artificial 
intelligence systems with space based 
applications when he enters the job 
market. Being a competitive distance 
runner, when David wants to relax, he 
goes for a run. David's advice for 
incoming freshmen in computer 
science? "You'd better love it, if you're 
just in it for the money, you're going to 
get buried. Greed is NOT enough 
motivation." 

A mole of chemistry textbooks would 
cover the entire surface of the 
Continental United States to a height 
of 190 miles. 

Source: Chemistry and Society, Fifth 
Edition, Saunders College Publishing. 
P.33, 1987. 
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Computers are invading the architect's studio. 
These machines will give the architect the capabUity 
to see his or her creation in its intended 
environment 

by David Kortenkamp 

Architecture doesn't fit the traditional 
mold of IT disciplines. The displays of 
models, drawings and photographs 
which greet the lunch-time crowd in 
the Architecture building's chaotic 
Mann courtyard reveal an emphasis 
placed on the aesthetics of a 
structure, more than the nuts and 
bolts of how it's constructed. Yet 
there's more connecting architecture 
to IT than just a walkway to the ME 
building. For one thing, architecture 
students have access to a dizzying 
array of advanced computer graphics 
equipment, including the 
Supercomputer Institute's Gray 2, 
which makes designing a new 
structure less and less of a guessing 
game. 

Turning a sketch into a computer 
simulation is done by tracing over it 
with a mouse or digitizer and entering 
the corner points. Additional 
information can be given by the 
designer to indicate height, color and 
material type. The design is then 
displayed on a high-resolution color 
monitor in true perspective, that is, a 
photograph-like, three-dimensional 
display of the design. Objects in the 
design can be modified, scaled, 
rotated and duplicated; and then 
viewed from any height, distance or 
angle. As the design is modified, the 
changes become immediately 
apparent on the screen. 

I . 

To produce a representation which is 
as realistic as possible, the basic 
color of a surface can be chosen from 
an on-screen palette. The program 
then shades the color of each surface, 
depending on the location of the light 
source. Also, a sophisticated routine 
generates shadows when given the 
latitude, month, day, hour and minute. 
The routine will display the correct 
color of the shadows, and even 
combine shadows from light sources 
other than the sun, such as 
streetlights. When a different view or 
time of day is chosen, the routine will 
regenerate new shadows. 

Prof. Anderson stresses that this 

Lee Anderson, a professor at the 
School of Architecture, directs the 
school's computer applications, which 
have expanded from beginning 
research a few years ago to include 
everyday tools used in the design 
process. A large grant from IBM 
resulted in an entire design studio 
outfitted with a network of IBM AT 
personal computers. A second studio 
is now being similarly remodelled. 
Prof. Anderson notes, "The generous 
IBM grant and support through the 
Woksape program has been very 
important to us-we couldn't have 
accomplished what we have without 
it." Prof. Anderson's long term goal is 
to put sophisticated computer-aided 
building design and analysis software 
in the hands of every student. This 
software, developed at the School of 
Architecture, allows students to create 
three-dimensional models from their 
sketches. 

Photo by Gary Lovelace 

Research fellow Oliver Ng at the i!BM-PC RT 5080 graphics attachment rotating a building image. 
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software is not meant to replace 
drawings or models, but to give 
students a new tool which can be 
used from the very beginning of the 
design process. According to Prof. 
Anderson, students at the school 
currently use computer-aided design 
systems more sophisticated than 
those available to the professional 
architects. Even so, this doesn't stop 
Prof. Anderson and Reasearch Fellow 
Oliver Ng from pressing the state of 
the art in computer graphics further. 
They are currently involved in several 
areas of research, one of which is the 
combination of computer graphics 
and video images. 

The computer lab at the School of 
Architecture has an IBM personal 
computer equipped with a special 
AT&T TARGA video board which is 
hooked up to a standard VCR. Using a 
video paint program, a user can 'grab' 
a frame from the video tape and 
display it on a high resolution monitor. 
The image can then be manipulated 
using a mouse. For example, using a 
video image of a house, it's possible 
to zoom in on the front door, outline it 
using the mouse and then rescale it, 
move it or even replace it. 

suit's possible to 
zoom in on the front 
door, outline it using 
the mouse and then 
rescale it, moving it 
or even replacing it 

Colors can be grabbed from the 
image and used as paint. For 
example, if a user wanted to eliminate 
the chimney in an image of a house, 
he could grab the color of the sky and 
use it to airbrush the chimney away. If 
a suitable color doesn't appear on in 
the image, one could be selected from 
any of 16 million colors available to 
the program and used to tint, shade or 
completely recolor objects in the 
frame. 

Another aspect of the program 
enables a user to outline an object 
from one frame, cut it out, rescale it 
and insert it into a different frame (e.g. 
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Photo by Gary lovelace 

Professor Lee Anderson at the IBM-PC AT using the TARGA 24 Video Board to add geometric solids to a 
videotape image of a house. 

Godzilla meets David Letterman). 
These cut out objects can be saved 
on a disk, allowing architects to 
amass a library of different types of 
windows, columns, trees, bushes, 
animals, etc. which can then be 
combined at the touch of a key. Given 
the incredible number of video taped 
films and television shows, Prof. 
Anderson sees an unlimited source of 
objects from anywhere in the world. 
For architects, the most intriguing 
aspect of this software isn't the 
combination of video images, but the 
combination of video images and 
computer graphics as is now being 
done in the School of Architecture 
design studio. 

Picture this scenario: an architect 
videotapes a site for a potential 
building, returns to the studio and 
using a design program, creates a 
three-dimensional model of the 
building. This model is then 
superimposed on the video image of 
the site. Presto! The architect (and the 
client) can see exactly what the 
building would look like in its actual 
surroundings. To improve the realism 
even further, a more sophisticated 
process of generating graphics called 
ray tracing can be used. 

In ray tracing a program calculates a 

ray eminating from the viewer's eye to 
a pixel (one of the individual dots of 
light which make up the image) on the 
computer screen. The program 
determines the type of surface in the 
three dimensional computer model 
that this ray is striking. If the surface is 
reflective, the ray is bounced off at the 
proper angle. If the surface is 
transparent, the ray is refracted 
through the surface. This continues 
until the rays strike a non-reflective, 
non-transparent surface. The combi
nation of traced rays determines the 
color and intensity of the original 
pixel. The program also traces rays 
from light sources to simulate 
shadings and relections. This whole 
process creates a very realistic 
representation of surfaces (such as 
windows) which reflect or refract light. 

In ray tracing a 
program calculated a 
ray en11in ing from 
the viewer's eye to a 
pixeLmm 

Ray tracing, however, requires an 
enormous number of computer 



calculations. For ray tracing only 
moderately complex objects, a newer, 
more powerful personal computer, the 
IBM RT PC, is used. But as images 
become more complex the computer 
lab can access the Supercomputer 
Institute's Gray 2 supercomputer. For 
now, the Gray 2 hasn't been needed 
for any ray tracing, but Prof. Anderson 
has used it to create computer 
animations, which can require the 
generation of thousands of frames. 
For example, a recent animation of 
the state capitol area run on the Gray 
2 needed 24 frames for each second 
of animation. Prof. Anderson looks for 
the Gray 2 to be used more frequently 
as computational complexity 
increases. 

dimensional representation of the 
building, the expert system aids in 
things such as structural analysis and 
functional layout. If a design change is 
needed, for example if the windows 
are made smaller, the architect can 
change the three-dimensional model 
and see the effect on energy 
consumption at the same time. 

In the future, Prof. Anderson hopes 
that expert systems will aid the 
architect in analyzing a design by 
suggesting changes. These 
suggestions might concern the 
structural system, different uses for 
space or where the elevators should 
be located. The expert system would 
be flexible enough to answer 
questions which were not necessarily 
programmed in. The entire system 

Serv1ces Smce 1957 

would work interactively with the 
graphics program. 

All of this research is dedicated to a 
single ideal, to improve the quality of 
architectural design. The School of 
Architecture is committed to this ideal 
and is one of the top schools in the 
country in the area of computer 
graphics. Prof. Anderson tries to 
involve students in this research, and 
welcomes students from outside of 
architecture who are interested in 
independent study or research the 
Undergraduate Research 
Opportunities Program (UROP). Prof. 
Anderson recognizes the role that 
high technology will play in the future 
of architecture and notes in a slightly 
understated voice, "We're happy to be 
in IT." A 

CONSULTING 
ENGINEERS 

A final area of research may seem, at 
first glance, to have little to do with 
computer graphics. Prof. Anderson 
and several students are using a high 
level artificial intelligence 
programming language called Prolog 
to experiment with expert systems, 
which they hope will someday help in 
the design of new structures. The key 
feature of these expert systems is that 
they will obtain the information they 
need directly from the graphics data 
base. In an emerging prototype, a 
designer attaches an attribute, such 
as material type, to a surface. Then as 
the architect creates the three 

Geotechnical, Construction Materials and Environmental 
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Apollo graphics workstation depicting the East Bank campus looking south west. 
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Space from 3 

that may take years or decades to 
catch up to. The sooner we decide to 
commit ourselves to the program not 
only financially, but in our fo_reign 
policy statements as well, the better we 
will be. A 

Sources: 
The Selling of the Soviet Space Program, Melinda 
Gipson. The World & I, Vol. 2, No.3, pp. 94-102. 
Technology Transfer: Building a Better Beast, 
Thomas Gulick. The World & I, Vol. 2, No. 2, pp. 
114-21. 

Well, Columbus was probably 
regarded as an escapist when he set 
forth for the New World. 

-Arthur C. Clarke 
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Since the explosion and demolition of the High 
Bridge in 1985, St Paul has eagerly awaited the 
completion of the graceful set of arches now 
spanning the Mississippi River. 

by Jim Willenbring 

A new bridge spanning the 
Mississippi River in St. Paul is in its 
final stages of construction this 
summer and promises to be an 
interesting contribution to the 
architecture of the St. Paul area. The 
Smith Avenue High Bridge 
incorporates steel and concrete in its 
design that has one full arch and two 
half arches stretching across the river. 

This new bridge replaces the old High 
Bridge that was demolished in 
February of 1985. The original bridge 
was a wrought iron structure that was 
recognized by the National Register of 
Historic Places as playing a vital role 
in the development of St. Paul (see 
Figure 1). It was also seen as an 
excellent example of wrought iron 
technology that was prevalent in the 
19th century. Completed in 1889 and 
originally designed for horse and 
wagon traffic, the High Bridge 
withstood weather, structural 
deterioration and the devefopment of 
modern transportation until it was 
closed in July of 1984. 

Built by Keystone Bridge Company, 
owned by steel magnate Andrew 
Carnegie, the original High Bridge 
took almost three years to build and 
used nearly one million pieces of 
wrought iron weighing over three 
thousand tons. It stretched 2770 feet, 
linking St. Paul's West Side to the 
West 7th Street area. For 97 years, its 
skeletal outline stood above St. Paul 
until it came to a spectacular death by 
explosive demolition and fell into the 
river in early 1985. The remnants of 
the bridge were cleared out and 
construction of the new bridge was 
started in the fall of 1985. 
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Figure 1: The original wrought iron High Bridge. 

The final design for the new High 
Bridge was selected from among 
twelve choices in a cooperative effort 
between the Minnesota Department of 
Transportation (MN/DOT), the two 
neighborhoods near the bridge and 
the U.S. government. Since a major 
portion of the bridge is funded by the 
Federal Highway Administration, it 
falls under federal government 
requirements which generally 
demand that bridges of this type be 
built of concrete. On the other hand, 
the residents of the adjacent 
neighborhoods wanted to incorporate 
some of the old bridge characteristics 
into the new one. This problem was 
solved by legislation introduced by 
Minnesota representatives which 
exempted the High Bridge from that 
design restriction. 

m 

I 

Photo Courtesy of Chuck Burback. 

The nearby residents wanted some of 
the metallic look of the original bridge 
to be reflected in the one replacing it. 
Therefore, steel arches were used in 
the spans over the river. Also, the 
decorative sidewalk railing design 
was chosen from the work of Cass 
Gilbert, the architect of the State 
Capitol. The two overlooks were built 
from salvaged sidewalk railing and 
stone from th.e river piers of the old 
bridge. The overall look of the new 
bridge uses a combination of steel 
and concrete and was designed by 
Strgar-Roscoe-Fausch Inc./ T.Y. Lin 
International of Minneapolis and San 
Francisco, respectively. 

The construction of the new High 
Bridge was let into two separate 
contracts. The first was only for the 



two river piers and was awarded to 
Ed Kraemer and Sons from Plains, 
Wisconsin. The second contract was 
for the bridge superstructure, the 
remaining eight land piers, the 
approach decks, the street approach 
on the north side and an overlook on 
each bank. This contract, which 
contained the major portion of the 
construction, was awarded to Lunda 
Construction from Black River Falls, 
Wisconsin, for $16.9 million. 

Photo by Tom Rucci 

The river piers were the first phase of 
construction for the new High Bridge 
(see Figure 2). Beginning in the fall of 
1985, the two piers were built by 
means of a coffer dam cell, which is 
made up of sections of steel sheeting 
driven into the river bed and joined 
together in a circle around the footing 
area to keep the water out. When the 
coffer dam was in place, piling was 
driven to provide a support for the 
footings. The piling used was%" thick 
wall steel gas pipe and each pile was 
driven about seventy to eighty feet 
below the footing elevation until 
adequate bearing capacity was 
obtained. Bearing capacity is the 
strength of a soil to support the 
anticipated foundation loads. 

Figure 2: The two river piers before construction of the arches. 

The next step was to pour a ten foot 
layer of concrete in the bottom of the 
coffer dam around the piling as a seal 
to keep the water from the footings. 

When the seal concrete reached the 
required strength, the water was 
pumped from the dam. The seal rests 
on the river bottom and continues up 
to the top of the piling. The concrete 
footing for the pier was then poured 
on top of the seal and the piling to 
provide the foundation for the bridge 
above. The final step for the river piers 
was pouring the rest of the pier that 

Photo by Tom Rucci 

Figure 3: A view of the north approach deck and piers before ihe arches were started. 

appears above water, up to the base 
of the steel arches. 

Lunda Construction Company then 
started the more visible portion of the 
High Bridge construction. Work 
proceeded on the six land piers on 
the north side, the two on the south 
side and each abutment. This stage of 
the construction resembled the 
building of normal land bridges 
except for the extreme height that had 
to be reached (see Figure 3). 
Construction of the arches was 
started when the piers and the deck 
on the north side were finished. 

Starting on the north bank, two 250 
ton cranes mounted on barges in the 
river placed the pieces of the two 
north half-arches. They stretched 
from the river pier on that side up to 
the closest land pier on the bank. 
When the arch pieces were 
connected, the vertical deck supports 
were bolted to the arches and to each 
other horizontally (see Figure 4). This 
same procedure was followed for the 
south half-arches and the center 
full-arches. 

When the time came for the center 
pieces of the full arches to be lowered 
into place, final elevations were shot 
and distances calculated to make 
sure that the last pieces would fit as 
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Photo by Jim Willenbring 

Figure 4: The vertide deck supports are the 1r-shaped steel girders attached across the arches. 

close as possible. No matter how 
accurate the measurements were, it 
would have been almost impossible 
for the fit to have been exact, so the 
bases of the arches on the river piers 
were not set permanently but could 
be moved by hydraulic jacks. As it 
turned out, the two curved 108 foot 
long pieces were only short by Vs" 
and %" gaps. The final pieces of the 
arches were securely in place on 
March 12, 1987, completing two 
elongated "W'"s across the 
Mississippi (see Figure 5). 

The work yet to be completed this 
spring and summer includes the arch 
deck supports, the arch deck, the 
deck above the two piers on the south 
shore and the cable tensioning 
system. The supports for the deck will 
be finished first along with the post 
tensioning system, which gives 
additional support for the deck. A total 
of sixteen steel cable tendons 
bundled in sets of four stretch each 
way from the center of the middle 
arch to the first land piers on each 
river bank. These tendons are 
stressed at certain times during 
construction, especially when the 
sections of the deck are poured. They 
are a major element for the support of 
the heavy deck weights and the travel 
over the bridge. In all, 4,751,600 
pounds of steel will be used in the 
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sub- and superstructure of the arch 
spans. 

The concrete bridge deck will be nine 
inches in thickness. There is a seven 
inch thick base with a two inch 
overlay. The overlay is a high-strength 
thin layer of concrete which acts as a 
wear layer for traffic. A total of 60,330 
square feet of concrete using 536,360 
pounds of steel reinforcement will 

Figure 5: A downriver view of the completed arches. 

cover the deck just in the arch 
sections of the bridge. Two 12 foot 
lanes with shoulders will handle the 
traffic while sidewalks on both sides 
will accommodate pedestrians. The 
bridge has been designed to 
withstand the maximum legal weights 
allowed on Minnesota highways. 

Lunda Construction Co. estimates that 
the 2755 foot (0.522 mile) long bridge 
will be finished and open for traffic 
around the first week of August, 1987. 
This completion date is almost fifty 
days ahead of schedule and will give 
Lunda a large bonus from the 
incentive program built into the 
contract. The main span, stretching 
520 feet and towering almost 150 feet 
off the surface of the river, is one of 
the largest arches in Minnesota. The 
completion of this beautiful bridge is 
looked forward to by many so that a 
vital transportation route across the 
Mississippi River will again be 
available. A 

Sources: 
1. Blomquist, Gene, Project Supervisor, 

Minnesota Department of Transportation, 
Interview: St. Paul, 12 March 1987. 

2. Willenbring, Emesi, Division Manager, Carl 
Bolander & Sons Company, Interview: St. 
Paul, 29 March 1987. 

3. Millet, larry and George, Jim, "Bridge throws 
new curve into urban landscape", St. Paul 
Pioneer Press Dispatch, March 11, 1987, AM. 

4. Minnesota Department of Transportation 
Smith Avenue High Bridge Plans and 
Specifications. 
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When a student is asked to describe 
the University of Minnesota, the first 
thing that comes to mind is the huge 
size of the University and the 
impersonality generally associated 
with the University's system of 
organization. When the same student 
is asked to give his or her description 
of Plumb Bob, two answers are 
commonly stated. The first, that it is a 
measuring instrument, and the other 
an elite leadership society with a 
strange name. While both answers 
are correct, the latter has much more 
importance to the LT. student. This is 
true because one of the primary goals 
of Plumb Bob is to create better 
relations and communication between 
the University and its students. Plumb 
Bob takes on this task each year by 
planning and carrying out the 
University's I.T. Week; a week of 
activities and fun provided for the 
students and university community as 
a whole. This year the dates of I.T. 
Week are May 4-8, which means that 
everything gets under way Monday at 
noon in front of Coffman. Plan on 
heading over there and starting off I.T. 
Week in the right way. 

There are many easy ways to have 
some fun and at the same time 
possibly improve the future. This can 
only be done, though, with your 
involvement during I.T. Week. By 
participating in the many events of I.T. 
Week, you have the opportunity to 
meet new people. These people may 
include a representative from a 
company such as IBM, Cargill, or 
Hewlett Packard. You might also meet 
a member of an I.T. organization you 
would like to join. Organizations such 
as these can be a useful and 
rewarding way to develop many of the 

working skills needed in a 
professional career. With these 
opportunities in mind, it should be 
obvious that most bright students will 
be looking into how they can take 
advantage of these great possibilities. 
The key, of course, is to focus on I.T. 
Week this year. By doing so, a student 
has the chance to open doors to the 
future. See you there. A 

Concert Halls: 
lder is better 

by Kevin Cummings 
Does it surprise you to learn that 
sometimes modern technology can 
produce negative consequences? 
How about negative aesthetic 
consequences? In the case of concert 
halls, this has become true. 

Old concert halls, built in the late 
1800's, were long and narrow with 
thick walls to hold up the high ceiling. 
This shape was necessary because 
the wide roofs were too heavy to be 
supported by the design of the walls. 
The narrow hall, however, has been 

found to be more acoustically 
pleasing because sound from the 
stage bounces off the close wall into 
the ear of the audience member. This 
gives a three-dimensional sound 
quality not found in a large, wide 
concert hall that was built with 
modern engineering technologies. 

The construction of the walls also 
affects sound quality. Solid walls in 
older halls bounce all the frequencies 
from the stage equally well, but thin 
wood panels and plaster do not 
reflect low frequencies, so the sound 
looses its grand quality. 

Mechanical equipment in the building, 
such as air circulation systems, are 
not present in older halls and do not 
disturb the quiet passages of a tune 
when played in those halls. 

Typically, engineers try to use more 
technology to solve the new 
problems. Adding canopies, reflecting 
panels, etc. can sometimes help. Also, 
microphones and speakers with 
sophisticated electronic systems can 
help the problem, but microphones 
pick up sound from one direction and 
musical instruments produce sound in 
all directions. 

Sometimes natural acoustics can beat 
the most talented engineers. A 

Source: American Society of Mechanical 
Engineers 

ATES: 
A Second look 
by Kevin Cummings 

Last fall, Technolog reported an 
experimer1t on Aquifer Thermal 
Energy Storage being performed on 
the St. Paul Campus. On April 4, 1987, 
the second of two long-term heat 
storage tests was completed. 

The tests were performed by pumping 
hot (118°C) pressurized water into 
bedrock over 600 feet below the St. 
Paul Campus. The amount of heat 
pumped into the system would heat 
200 homes. After 6 months, the water 
was pumped out. The mean 
temperature of the output water was 
85°C.This computes to at least a 60% 
recovery rate, and the experimenters 
are just now going over the test data. 
They expect post test monitoring to 
continue for at least two years, and 
they also will need to take a year to 
pump the water out of the aquifer into 
the Mississippi River. 

An interesting project paralleling the 
aquifer work was computer modeling 

ATES to 24 
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The mask and etch process revealedm 

Far from Silicon Valley, Plymouth, 
Minnesota, seems an unlikely place to 
be working on the latest in integrated 
circuit technology. Warm, sunny days 
are only a memory during a good part 
of the year, and life proceeds at a 
more relaxed pace. Yet along Hwy. 55, 
within sight of the Minneapolis skyline 
sits Honeywell's entrant in the race to 
design smaller, faster integrated 
circuits-the Solid State Electronics 
Division's Research and Development 
facility. 

Integrated circuits lie at the heart of 
our high-tech world, from talking dolls 
to supercomputers. It's only fitting 
then that high-tech plays a large role 
in the development and production of 
these same circuits. Let's take a look 
at how Honeywell designs a new 
integrated circuit, from start to finish. 

The first steps in the design of a new 
integrated circuit are typically done at 
computer work stations. Graphics 
packages are used to create a 
schematic diagram of the proposed 
circuit and the diagrams are then 
analyzed by simulation programs. 
These programs let engineers test the 
performance of a circuit without 
making a prototype. 

Until five years ago, simulation 
programs of this type didn't exist. 
Integrated circuit design was more of 
an art than a science. More often than 
not, designs which worked in 
engineers' heads, flopped when 
constructed of silicon. Computer 
Aided Design (CAD) has drastically 
cut both the time and expense of 
circuit design. 

Once a suitable design is achieved, 
the computer tapes containing the 
diagrams are loaded into an electron 
beam mask-making machine, which 
will transfer the circuit design to a 
mask. A mask is a glass plate coated 
with a thin layer of chrome and a layer 
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of photoresist, a substance similar to 
film but sensitive to electrons instead 
of light photons. 

Using the computer tapes as a guide, 
the mask making machine will 
selectively expose the photoresist 
with a electron beam, imprinting the 
circuit pattern onto the plate. When 
the plate is developed, using a 
process similar to developing film, a 
layer of photoresist remains where the 

muthe mask making 
machine will 
s ectively pose 

photoresist with 
an ectron beam .. 

electron beam struck the plate. The 
chrome not covered by photoresist 
now needs to be etched away. 

Usually, etching is done by immersing 
the plate in an acid bath which chews 
away the chrome, but leaves the 
photoresist (and the chrome 
underneath) intact. Honeywell, 
however, now uses a newer, more 
precise method called reaction ion 

Illustration by Conrad Teves 

plasma etching. 

A plasma is a bright, glowing gas 
containing electrically charged ions 
and reactive gas atoms. If the proper 
chemicals are introduced into the 
plasma, it reacts with the chrome, 
etching it away. The advantage of 
plasma etching over acid etching is 
that the plasma etches only in the 
direction of its kinetic energy. Acid, on 
the other hand, etches in all 
directions. More specifically, acid will 
etch the chrome out from under the 
photoresist. On larger circuit 
geometries with much chrome, this 
effect was negligible, but it proved 
disastrous as circuits became smaller 
and smaller. 

------------------------------

This cross-section of a MOS circuit at an intermediate stage in the manufacturing process clearly shows 
the different layers of materials. Dopants have been introduced into the substrate to create the source 
and drain contacts. layers of silicon oxide (Si02) separate the metal from these contacts, the channels 
and the gates. 



Once the etching is complete, the 
remaining photoresist is washed off 
and the mask is finished. It is then 
verified against the original computer 
tapes using an optical comparer, a 
machine which can detect variations 
between the mask and the tapes. This 
mask-making process is repeated for 
each layer of the integraged circuit. 
The complete set of masks will play a 
role similar to a picture negative
allowing multiple copies of the 
intergrated circuit to be mass 
produced. 

Until now, quite a bit of work has been 
done but not a single circuit has been 
produced. That's about to change, 
though, as the masks are used to 
build up an integrated circuit layer by 
layer. To begin, a silicon wafer is 
blanketed with a layer of mono
crystalline silicon, called an epitaxial 
layer. A layer of silicon oxide is then 
formed on top of the epitaxial layer. 
Finally the entire wafer is coated with 
a photoresist sensitive to ultraviolet 
light. 

The wafer and the mask are then put 
into a machine called a stepper where 
the wafer is exposed to ultraviolet 
light shone through the mask (UV light 
is used because its shorter 
wavelength allows for better 
resolution). When the photoresist is 
developed, the pattern from the mask 
has been transferred to the silicon 
wafer. The silicon oxide not covered 
by photoresist is etched off, again 
using plasma, and the wafer is ready 
to receive dopants. 

Dopants are impurities introduced into 
regions of the silicon to facilitate the 
carrying of electrical charge. At 
Honeywell, dopants are introduced 
using an ion implanter. The implanter 
generates ions in a small linear 
accelerator, shoots them through 
selection magnets to separate 
impurities, and directs them at the 
wafer. These ions will implant 
themselves in the silicon wherever 
there isn't a shield of silicon oxide. 
The wafer now has small islands of 
impurities (called n wells) in a silicon 
substrate (called a p substrate). 

The n and p regions now need to be 
isolated from each other. This is 
accomplished by growing a thin oxide 

SOU!tE AND DRAIN CONTACTS SUBSTPJiTE 

~----------~-----------~~~-~---·-~--~----

Using the mask and etch process, another layer of metal has been added to the MOS circuit A layer of 
silicon oxide separates the two layers except at certain contact points. 

layer and depositing silicon nitride on 
top of it. The nitride is patterned using 
the mask and etch process. Then the 
wafer is placed in a furnace and the 
oxide is grown. In the areas where 
there is no nitride, the oxygen diffuses 
quickly to the surface of the silicon 
and a thick oxide layer is grown. 
Elsewhere, the oxygen cannot 
penetrate the nitride mask so no 
additional oxide is grown. 

Because of their 
small size, integrated 
circuits can be 
ruined if even the 
smallest of particles 
attach themselves to 
the wafer during the 
manufacturing 
process .. 

The entire doping process is repeated 
many times, depositing p areas inside 
of n wells and vice versa. These 
areas, called channels, are switched 
on and off using polysilicon gates 
which are placed directly over them. 
The gate, channel and channel 
contacts form transistors, the basic 
building blocks of integrated circuits. 
Finally, metal lines are formed to 
connect the transistors. These gates 

and lines are formed using the familiar 
mask and etch process. 

Even if all this seems difficult, I've 
neglected to mention another 
complicationg factor. Because of their 
small size, integrated circuits can be 
ruined if even the smallest of particles 
attach themselves to the wafer during 
the manufacturing process. Therefore, 
all of these steps must be carried out 
in special rooms called clean rooms. 
The Honeywell facility contains a 
class 1 0 clean room, which means 
that there are no more than ten 
unwanted particles per cubic foot of 
air. A class 10 clean room is 

approximately 100 times more sterile 
than an average operating room, and 
more than 1 000 times cleaner than 
fresh country air. This cleanliness 
comes at a steep price though, as 
clean rooms can cost more than $800 
per square foot to build. 

The final step in the development 
process is the testing of the finished 
circuit. There are two different types 
of testing. First, the circuit is checked 
to make sure it does what it is 
supposed to do. And second, the 
circuit is tested to see what its limits 
are. Engineers literally try to kill the 
circuit by exposing it to high 
temperatures, radiation and electrical 
shock. The circuit can be inspected 

Micro to 24 
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Susan Ubbelohde 

by Susan Curran 

When she contemplated leaving her 
position at Florida A&M, one of her 
criterion for moving was to go to a 
state that hadn't elected Reagan. Her 
choices were limited, Washington 
D.C. or Minnesota. Luckily she 
received offers from schools in both 
areas. Susan Ubbelohde, Assistant 
Professor, has been teaching in the 
University of Minnesota School of 
Architecture for the past two years. 

This spring quarter Ubbelohde is co
teaching a daylighting course and 
spending the rest of her time on a 
research project which will allow her 
and her colleagues to teach students, 
other professors and architects the 
most up-to-date information on 
daylighting and the energy associated 
with it. This four-year project 
sponsored by the Exxon Violation 
Escrow Funds began on February 1, 
1987 and currently involves collecting 
25 years worth of data on daylighting 
research. Ubbelohde believes the 
project will help the teaching abilities 
of the researchers since it is geared 
toward teaching different groups 
current information. "It's clear in the 

Ubbelohde became 
interested in 
teaching as a child .. 

Exxon project that you have to be 
a teacher in order to succeed," 
Ubbelohde said. The University of 
Minnesota is a Regional Daylighting 
center, so Ubbelohde and her 
colleagues have a good base to start 
their bibliographic search. They are 
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also gathering information from other 
regional centers across the country. 

Ubbelohde became interested in 
teaching as a child. By the second 
grade she knew what she wanted to 
do as an adult. Her father, who is a 
history professor at Case Western 

Photo by Gary lovelace 

Reserve University in Cleveland, Ohio, 
helped get her interested in the 
educational process and teaching. 
Since she was fascinated by the 
architecture of buildings, she earned 
a bachelor's of art degree in urban 
studies at Oberline College in Ohio 
and a bachelor's of science in 
architecture at the University of 
Michigan. Ubbelohde then received 
her master's of architecture at the 
University of Oregon. She went on to 
teach at Tulane University in New 
Orleans after graduating. The 
atmosphere was so relaxed in New 
Orleans that she was afraid she 
wouldn't work to her full potential if 
she stayed there. Obbelohde then 
taught at Florida A&M before coming 
to the University of Minnesota in 1985. 

Ubbelohde is very interested in the 
learning process. "Students never 
learn what you set out for them to 
learn," Ubbelohde said. What they get 
out of a class isn't always what the 
instructor is attempting to teach. If 
only a few students are having 
difficulty grasping the objectives of 
the course, tl1ere isn't much of a 
problem. If the whole class does 
poorly, then there's something wrong 
with the teaching approach. "If the 
whole does well or poorly, then 
there's the problem of who's at fault or 
who gets the credit!" Ubbelohde said. 

Ubbelohde admits that her attitude 
toward teaching changes depending 
on the size of the class. When she's 
teaching a large class, such as 
Environmental Management and 
Control, she needs to be tougher 
administratively. There isn't room for 
leniency on designated deadlines. But 
in the smaller Design Studio class, 
there is more room for leaway and 
ambiguity. Assignments can be 
ambiguous in order to foster each 
student's creativity. How the student 

Ubbelohde cares 
about her students 
and is scinated 
with the learning 
process .. 

interprets the assignments shows 
Ubbelohde what each individual is 
learning and getting out of the course. 

Facultyto 26 
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James Craig 

by Scott D. Hoffer 

In a large company like Braun 
Engineering Testing, Inc., the second 
largest engineering firm of its kind in 
the Midwest, upward mobility does 
not come easy. To the Director of 
Engineering, it comes even less 
easily. James Craig, Jr. has not only 
risen to the level of Director of 
Engineering, but has done so in only 
twelve years. 

Graduating in 1973 from the Institute 
of Technology where he earned a 
bachelor of science degree in civil 
engineering, Jim initially worked for 
the Geotechnical Engineering 
Corporation. At Geotechnical 
Engineering he was involved with, 
among other things, foundation and 
soil testing. After working there for 
one year, Jim felt that he needed to 
expand his horizons. Feeling the need 
to work for a company that would 
provide him the growth opportunities 
he desired, he applied to Braun 
Engineering Testing Inc. Initially 
Braun was not interested, but 
eventually did hire him. 

Currently, Braun is doing the soil and 
foundation testing for the new 
Electrical Engineering building on the 
University of Minnesota campus. Jim 
says that since the building has such 
a deep basement, it is almost founded 
on bedrock. 

Jim misses the relatively flexible and 
unstructured schedule and lifestyle of 
college life when compared with the 
8:00 to 6:00 or worse schedule often 
associated with the "fast track" of the 
competitive business world. Since 
classwork came fairly easy in 

comparison to the responsibilities and 
projects he oversees now, Jim 
enjoyed a less pressured, more 
carefree college life. 

One aspect of college that Jim does 
not miss is going to class, sitting 

Photo by Gary lovelace 

through an hour of lecture, and then 
wondering how in the world any of 
the material he just learned was going 
to apply when he got out into the 
business world. To Jim, practical 
applications of his knowledge was an 
important part of his education. At 
times his classes frustrated him with a 
lack of any practical application. 

Jim has three pieces of valuable 
advice for graduates and students. 
First, Jim strongly recommends taking 
advantage of summer internships, co
ops or any practical engineering 
experience prior to graduating. "It's 
amazing the difference between 
school and work," Jim doesn't think 
students realize how different the 

workplace and its tasks are from the 
classroom and its homework. 
"Summer work, any involvement or 
experience really helps focus your 
education." Jim says that after 
working an internship, the student will 
return to schoolwork and say "Oh, I 
can apply that..." Jim believes that the 
student with prior experience has a 
real advantage over those without it. 
Second, Jim suggests that a student 
work for at least two years before 
going on and getting his or her 
master's degree. His logic and 
reasoning being that with two years 
experience in your field, you will be 
able to "see what society and the 
business world needs," and more 
easily decide in which areas you want 
to emphasize your graduate training. 
His third suggestion applies to 
graduating civil engineers and stems 
from what he sees as a problem. "Civil 
engineering seems to have quite a 
few graduates, and the marketplace is 
strong for them, but the newly 
graduated civil engineer isn't helpful 
to most companies. Most graduates 
seem to have this "I just graduated, 
show me where the desk is because I 
know everything there is to know 
attitude." Civil engineering is an 
extremely specialized field, and most 
new engineers simply don't have the 
necessary knowledge to start right off 
as a full engineer. The graduate 
should be willing to take lower pay 
perhaps as a technician in an entry 
level position, and then take on extra 
responsibilities and show interest in 
advancement. The firm's consulting 
engineers recognize exemplary 

Craig to 26 
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by Renee Hanson 

MECHANICAL ENGtNEEAING/43 

EDWARD J. PRESTON 
GEORGE W. CRAWFORD 
MARK E.COTICCHIA 

CAD/CAM Dictionary, Edward J. 
Preston, George W. Crawford and 
Mark E. Coiicchia, Marcel Dekker, 
Inc., 1985, Hardcover, pp. 224,$39.75. 

Marcel Dekker, Inc. has released a 
new book called the CADI CAM 
Dictionary. The publisher has built this 
dictionary up as something important 
for vendors, engineers, draftspersons, 
designers and students of CAD/CAM. 
The dictionary is designed to help an 
individual cut through technical jargon 
and improve understanding of many 
fields. 

The dictionary contains abbreviations 
and technical terms associated with 
computers and computer software, as 
well as occasional engineering terms. 
These terms and abbreviations are 
often simplistic with simplistic 
definitions. For example, the dictionary 
defines "2-D" and "CRT." These 
abbreviations are widely used and · 
understood. To define these in a book 
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designed for engineers, draftspersons, 
designers and students undermines 
the basic purpose of the dictionary. 
The space used in defining these 
abbreviations could have been used 
more effectively by providing other in
depth definitions of additional terms. 

CADI CAM Dictionary provides a 
reference to both the abbreviation and 
full term. This cross reference is 
important and useful. But the dictionary 
does not provide a full definition of the 
abbreviation. The reader, for added 
information, must look up the full term 
to get a more complete definition. 
Having the full definition under the 
abbreviation would have been a 
convenience. 

Also, the dictionary did not give a very 
comprehensive definition of some 
words or terms. For example, "cell" 
was defined in terms of computing with 
barely a mention of the manufacturing 
aspect of cells, i.e., cellular 
manufacturing. 

For an engineer or student who is 
looking for definitions to technical 
jargon, this dictionary is an expensive 
acquisition at $39.75. Considering all 
the simplistic terms and definitions, a 
regular textbook or library is a better 
choice for information. A 

Highway of Eternity, Clifford D. 
Simak, Ballantine Books, 1986, 
$14.95, hardcover, 289 pages. 

From Clifford D. Simak, a native of the 
Midwest, comes a new novel titled 
Highway of Eternity. The story starts 
with Boone and Jay Corcoran, both 
people of strange, mutant abilities. 
One of Corcoran's clients disappears 
and he tracks the client to a building 
where he sees a room that's not 
visible to ordinary humans. Needing 
help to enter the room, Corcoran calls 
his friend Boone. At the last moment, 
Boone gains entrance to this special 

mom. The room brings them to a 
family of refugees from the future. The 
family is attacked by the forces from 
whom they were hiding and it 
becomes everybody for himself. The 
plot follows each group as they try to 
find each other after the separation. 
Finally, the plot braids itself back 
together when the characters rejoin 
one another. 

This novel is not filled with many 
cliffhangers or even much suspense. 
(The reader will be able to put the 
book down at anytime). It drags on at 
a leisurely pace. The plot is difficult to 
follow because the number of major 
characters increases with each 
chapter. (There's no clear cut main 
character until the end of the novel). 

A redeeming quality about the book is 
the concept the refugee family brings 
with them from the future. This 
concept is incorporeality I immortality. 
The concept and the way that it is 
presented is an interesting 
philosophical side of the book and yet 
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by Debbie Carlson 

Editor's note: 
The United States Air Force plans to erect 
an antenna system in West Central or 
Northeastern South Dakota. Some of the 
farmers in these areas object to the Overo 
the-Horizion Backscatter, OTH-B, Radar 
because of the large amount of farmland 
that it will take up and the high powered, 
high frequency radiation it will emit. A 
group of citizens is currently fighting the 
OTH-IB Radar proposal. So far, construction 
sights have not been chosen. Three other 
OTH-IB Radars are under construction or 
are in planning stages in the East and West 
Coasts. These radars will complete the Air 
Force's Control Radar System (CRS). 
Debbie Carlson describes below the OTH
IB Radar system that is planned for 
construction in South Dakota. 

The OTH-B Radar will detect and track 
aircraft and cruise missles 
approaching from the south or near 
shore areas off the East, West and Gulf 
Coasts. The circumference of detection 
is a 240 degree arc facing due south. 

This type of radar, however, has had 
limited use in the past. A similar system 
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Illustration by Tom O'Rourke 

The surveillance zone of the OTH-B radar proposed for the area around Wheaton Minnesota. The exact 
sites have not been chosen yet 

was constructed and tested in Maine 
during the mid and late 1970's and has 
since been dismantled. 

TRANS!'1IT 
5ITE 

The transit site for the OTH-B Radar, or 
any antenna, must do two things. First, 
it directs energy to its desired location 
and suppresses radiation in others. 
Second, the antenna acts as an 
impedence transforming device, 
matching the impedance of the 
transmission line to free space. 
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Illustration by Tom O'Rourke 

The transmit and receive sites consist of four subarrays positioned at SO-degree angles from each other. 
The transmit subarrays radiate continuously. 

Each antenna design, therefore, is 
unique since it emits a radiation 
pattern characteristic of its 
construction and purpose. The OTH-B 
Radar is different from "conventional" 
antennas. Most antennas operate in 
microwave with the height and length 
of each linear section varying with the 
mean wavelength transmitted. For 
example, the shortest section, 35 feet, 
emits the shortest mean wavelength 
39.4 feet. The frequency range of the 
radar is from 22.25 MHz to 28.00 MHz. 
The tallest section, 135 feet, emits a 
wavelength of 170 feet. 

Beam steering is accomplished by 
varying the phase of the incoming 
signal. The sub-arrays cover 
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Illustration by Tom O'Rourke 

One transmit subarray stretches for approximately 5,000 feet Each subarray is identical and is divided 
into six sections with heights corresponding to the emitted wavelength. 

degrees of longitude in steps of 7.5 
degrees. The beam is held in one 
direction for about 10 seconds, 
progressing at 7.5 degree increments, 
completing the cycle in 80 seconds. 

An antenna receiver-transmitter system 
is, technically, a circuit which does not 
fit the requirements of being in the near 
zone. In the near zone, Kirkoff's current 
and voltage laws apply. In the far zone, 
electromagnetic propagation travels 

with spherical surfaces of constant 
phase and expand with constant radial 
velocity. 

The transmit and receiver sites for the 
OTH-B Radar are to be stationed 50 to 
150 nautical miles apart. These two 
sites are similar in design but different 
in scale. One of the transmit sub
arrays is approximately 5,000 feet long, 
while the receive sub-array is about 
9,000 feet long. 

E L EC TR.O MAGNET l C SPeC I RUI'-1 

The electromagnetic spectrum. 
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The new Piper Jaffray & Hopwood building gives 
Minneapolis a distinctive flair to its skyline9 Sasha 
Braude explains. 

by Sasha Braude 

It all started with one. A 52 story IDS 
building that looked like it belonged in 
Chicago. The comfortably midwestern 
Minneapolis had a "skyscraper" and 
didn't quite know what to do about it. 
And then something happened. New 
exciting buildings started to dominate 
the skyline. One of them is the new 
Piper Jaffray Tower in downtown 
Minneapolis. A sleek, stylish, 
contemporary building; it has a 
timeless quality that reflects the face 
of the city. The smooth blue facade 
gives a professional, pinstripe suit 

image and the jagged asymmetric top 
lends it just the right air of 
individuality to make it unique. At a 
time when more and more businesses 
call downtown "home," the Piper 
Tower is a perfect building for the 
corporate America. Stylish without 
being flashy, it has a face of 
professionalism that can almost be 
called yuppie. It is truly an ideally 
suited building for today's 

PJH to 21 
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If you're a science or engineering major, you'll want to be part of today's Air Force. We're developing lasers and 
satellites that make science fiction seem dated. Air Force ROTC is one way to be part of this fast-paced technology. 

Air Force ROTC has 2- through 4-year scholarship programs that can help defray some of the college costs, plus 
you'll receive $100 each academic month for living expenses. 

After graduation, you'll be an Air Force officer, and will join those who are leading us into space-age technology. 
Take a close look at Air Force ROTC now. Don't let technology pass you by. Be a part of it. 

Department of Aerospace Studoes 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 (612) 624-2884 

lEADERSHIP EXCELLENCE STARTS HERE 



ATES from 11 

of the ATES, done on a Gray 
supercomputer at the Supercomputer 
Institute. The computer simulation 
used the same data that was actually 
used in the aquifer, and the result 
showed nearly the same output 
temperature as the real project did. 

After the first test ended in May 1985, 
the hot water left over from that test 
remained in the ground until the 
second test started in October 1986. 
During that 18 months, the water 
temperature dropped from 68 octo 
33°C, a relatively slow decline. 

Work on the ATES project was done 
in conjunction with the U.S. 
Department of Energy, Underground 
Energy Storage Program through 
Battelle Pacific Northwest 
Laboratories. A 

Source: Marc Hoyer, Minnesota Geological 
Survey, U of M 

Unique 
Fiber ptics 
by Kevin Cummings 

As fiber optics become the state-of
the-art in tele-communication 
transmission, some companies are 
coming up with new ways of laying 
fiber optic cables. Since laying cables 
underground is much safer than 
above ground, companies have had to 
dig trenches to get deep into the 
ground. The cable also had to be 
heavily reinforced to prevent rodents 
and other underground animals from 
destroying the cable. 

One company, Williams Pipeline, 
realized it could use its old gas and oil 
pipelines to carry the fiber optic 
cables. Since Williams has large pipes 
(1 0-24 inch diameter) that now carry 
its hydrocarbon fuels, the old lines (6-
8 inch dis.) are not used anymore. 
These old lines are perfect for 
carrying fiber optic cable. 

Williams Telecommunication ran a 14 
month test of using pipelines to carry 

Fiber to 21 
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I T AS 

Institute of Technology Alumni Society 

The ITAS has been formed specifically to benefit the 

Institute of Technology and its alumni. 3,948 I.T. 

alumni currently hold membership jointly in IT Alumni 

Society and the Minnesota Alumni Association. 

The IT Alumni Society was officially established as 

a constituent society of the MAA in 19.54. The Society 

maintains its original purpose: to stimulate continuing 

interest and participation by alumni and former students 

in the activites of the Institute of Technology. 

The primary event of ITAS is its Science and Technology 

Day held annually ln the fall. Proceeds are used to 

support a number of student related concerns including 

scholarships, IT Week, IT Connection, and career planning 

and placement. 

Membership dues are $22/year which covers both ITAS and 

MAA fees. If you graduated less than 3 years ago, or 

before 1945. dues are only $17. 

Graduating Students!! -We Want Youl 

® 

minnESOTA 

Institute of Technology Alumni Society 
107 Walter Library 

117 Pleasant St. S.E. 
Minneapolis, Minnesota 55455 

(612)624-1030 



professionals. Originally built as a 
speculative project, it attracted the 
Piper, Jaffray & Hopwood Corporation 
because of the perfect way in which it 
fit their image. 

The Piper is not the only building 
reflecting the personality of its client. 
from the light and airy Pillsbury 
building to the austere Government 
Center, buildings accent the functions 
and personalities of their respective 
clients. 

New and exciting buildings like the 
Piper Tower and the now-being-built 
Lincoln Center and Nicollet Mall are a 
growing trend in the development of 
the downtown skyline. With more 
original and new structures, 
Minneapolis promises to have a look 
and feel of a truly spectacular city of 
the future. A. 

Fiber from 20 

1000 miles of fiber optic cable. Each 
day the crews would lay an average 
of five miles of fiber optic cable by 
pulling it through the pipelines 
underground. The normal process of 
burying cable was up to three times 
slower, and also very expensive 
because the new cables did not have 
to have the reinforcement the old 
pipeline was protection enough. 

Williams used the longest lengths of 
fiber optic cable, available, five 
kilometer lengths. Unlike anything 
else of such length, the fiber optic 
cable had no flaws and exceeded 
their design specifications for quality. 

The electrical tests showed the cable 
to be equal in quality to traditionally 
layed cable, plus the costs for the 
cable and installation were much 
lower. This new use of old technology 
will hopefully continue in the future. A. 

Source: American Society of Mechanical 
Engineers 

If all else fails try doing something nice 
for somebody who doesn't expect it. 

-George Bums 

Reading from 16 

is the major thrust of the book in the 
beginning. The debate centered over 
whether you could be human in the 
incorporeal state or not. Instead of 
resolving the issue, Simak drags in yet 
another alien race and jerks the 
reader in a different direction. 
Incorporeality and the raging debate 
could have been enough with which 
to finish the novel, but this didn't 
happen and as the novel progressed 
it seemed to get more far out and 
bizarre. 

This creates an unfinished feeling, 
leaving the reader disappointed. It 
feels as though Simak didn't know 
quite where he was going with the 
story and settled for second best, 
namely to get the book out quickly. 

The characters are well developed for 
the most part and stand on their own 
but the plot and setting need 
overhauling. This novel could be 
salvaged with some major re-writing 
but at $14.98, wait for the second 
edition. A. 

Half the battle of obtaining great copies lies in 
your original. Here are some tips on producing an 
original for great copies. 

1. Use a clean white sheet of paper. Avoid 
shades of yellow, gold, red, or brown. 

2. Use black ink only. Avoid blue ink, pencil, 
and yellow highlighting. 

3. Leave at least 3/8 inch margin "all the way 
around." Avoid lettering or graphics close to 
any edge. 

4. Use clean, transparent tape to attach "paste
ups" securely. Avoid rubber cement or paste. 

5. Use a fresh, dark ribbon in your t)pewriter or 
printer. Avoid using a worn ribbon, especially in 
your dot matrix printer. 

6. Screened black and white photos reproduce 
best. Avoid color photos. 

A suitable original is half the battle. Using a 
copy service that cares about quality is the other 
half. At Kinko's, we care . 

• 
I 
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The following is a list of the civil engineering department's faculty and some of their research interests. 

Roger E. A. Arndt 

Randal J. Barnes 

Gust Bitsianes 

Patrick l. Brezonik 

Ladislav Cerny 

Steven L Crouch 

Andrzej Drescher 

Steven J. Eisemeich 

Charles Fairhurst 

Cesar Farell 

Catherine E. French 

Theodore V. Galambos 

lawrence E. Goodman 

John S. Gulliver 

Malcom T. Hepworth 

Matthew J. Huber 

lwao Iwasaki 

Gerald W. Johnson 

Theodor Krauthammer 

Roberto T. Leon 

Walter J. Maier 

Panos G. Michalopoulos 

Hydroacoustics, trubulent shear flows, bubbly flows, hydrotubine technoiogy, noise and vibration. 

Geostatistics, operations research, mineral engineering, engineering economics, and mine planning and 
design. 

Kinetics and rates of high-temperature metallurgical reactions. Recycling of strategic metals. 

Aquatic chemistry, water pollution, biogeochemical cycles of N,P,S. Effects of acid preciption on lakes. Heavy 
metal chemistry. 

Design and construction of reinforced concrete and prestressed concrete building systems. Design and 
construction of masonry systems. 

Computer applications in mining and rock mechanics. 

Mechanics of granular media. Soil mechanics. Storage and flow of bulk solids. Theory of plasticity as applied to 
granular media. 

Transformations, transport and fate of chemical pollutants in the aquatic environment with emphasis on 
atmospheric and aquatic interactions. 

Rock mechanics and applications to design of underground excavations and applications to design of 
underground excavations and mining systems. 

Fluid mechanics and hydraulic engineering vortex flows. Turbulence. Water waves. Computational fluid 
dynamics. 

Structural response to earthquakes. Evaluation of repair techniques for earthquake damage. Impact damage 
and corrosion damage. 

Steel structures behavior and design. Stability of metal structures. Earthquake engineering. 

Structural analysis. Structural damping. Contact damping. Continuum mechanics. 

Hydraulics. Air-water transfer of mass momentum and energy. Intake vortices. Streamwise vortices in open 
channels. 

Hydrometallurgy desulfurizing combustion of coal. Inhibition of corrosion in concrete structures. 

Highway traffic flow theory. Design and operation of transportation facilities. 

Surface chemistry of floatation and and flocculation. Fine particle technology for iron ore processing and 
nonferrous sulfide systems. Chlorination and segregation roasting. 

Development of surveying and photogrammetric techniques for specialized applications, particularly remote 
areas where conventional methods are impractical. 

Structural mechanics and dynamics. Reinforced concrete structural behavior under severe loading conditions. 
Dynamic soil structure interactions. 

Design and analysis of structures under seismic loads. 

Kinetics of biodegradation of hazardous chloroorganic chemicals. Dynamics of processes for decontamination 
of water, wastewater, groundwater and soils. 

Transportation engineering. Traffic engineering, traffic flow theory and control, computer applications. High 
tech applications and hardware development in transportation. 
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Gary N. Parker 

Kenneth J. Reid 

Micheal J. Semmens 

Karl A. Smith 

Charles C.S. Song 

Anthony M. Starfield 

Heins G. Stefan 

Yorgos J. Stephandes 

Raymond L. Sterling 

Otto D.l. Strack 

Jean Vardoulakis 

Vaughan R. Voller 

Finite loops 

BLAST! THE DOOR WON'T 

OPEW! i'D BETTER IT 

DOW"''\-{ 

River mechanics. Fluid mechanics of solid-liquid mixtures. Density flows. 

Process analysis and control in mineral engineering. Plasma technology in metallurgical engineering. Earth 
science analytical systems. Novel cement and building materials technology. 

Physical and chemical processes for wastewater and treatment including membrane processes, ion exchange, 
absorption, coagulation filtration. 

Mineral processing. Extractive metallurgy. Applications of systems analysis. Engineering education. 

Computational hydrodynamics. Hydraulic transients and flood routing. Sedimentation and river engineering. 
Modeling and design of sewer systems. 

Computer modeling studies. Techniques of stress determination in rock masses. Nuclear waste isolation. 
Groundwater contamination. Heat flow into mined openings. 

Hydrodynamics of rivers, reserviors and lakes. Transport of substances in water. Dynamic water quality 
modeling. Design of hydraulic structures for the electric power industry. 

Transportation and regional development. Computer-aided decision making in transportation. Transportation 
systems analysis, stimulation, optimization and control. Pattern recognition. 

Design and construction and utilization of underground facilities. 

Mathematical description analytical modeling and computer modeling of flow of groundwater and contaminant 
transport by groundwater. 

Experimental investigation of the strength of geomaterials. Constitutive modeling of soils and rocks. 

Numerical modeling methodologies for heat and mass transfer process. Engineering applications of artificial 
intelligence and knowledge engineering. £. 

!T IS 
POU.JT WHAT THE RE.ASON 
fOR THIS BEttf\\JIOR I S ... 

If 't'OU DON'T GET OOT OF 
THERE SOON) IT'll BE ... 

/ D\$ASTROUS1 

~ 

by Conrad Teves 
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Reading from 16 

happen and as the novel progressed 
it seemed to get more far out and 
bizarre. 

This creates an unfinished feeling, 
leaving the reader disappointed. It 
feels as though Simak didn't know 
quite where he was going with the 
story and settled for second best, 
namely to get the book out quickly. 

The characters are well developed for 
the most part and stand on their own 
but the plot and setting need 
overhauling. This novel could be 
salvaged with some major re-writing 
but at $14.95, wait for the second 
edition. A. 

Micro from 13 

with a scanning electron microscope 
equipped with an instrument which 
can detect a voltage contrast, 
allowing a viewer to see which gates 
are active. 

When the tests are completed, and 
the limits of failure determined, the 
circuit is ready to be mass produced. 
Since the Plymouth facility is a 
research and development 
organization, the tapes are shipped to 
Colorado Springs, Colorado, where 
Honeywell maintains a manufacturing 
facility. 

Though located in frigid Minnesota, 
not sunny California, the Plymouth 
facility of the Solid State Electronics 
Division helps keep Honeywell a hot 
competitor in the arena of high 
technology. A. 

References: 

Elliot, David J. Integrated Circuit Mask 
Technology, McGraw Hill, 1985. 

Hibberd, R.G. Solid State Electronics, McGraw
Hill, 1968. 
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Late night with echnotrivia 

by Scott D. Hoffer 

late night with Technotrivia's Engineering Quiz 

1. In computerese, a trojan is: 

A. A computer graphics simulation of a horse. 
B. The itinerary for National Condom Week. 
C. A virus program designed to mis-align drive heads. 
D. An Asia Minor ancient history class study aid. 

2. Reverse polish Notation is: 

A. An archaic slavic method of writing music. 
B. A color coded nail polish system of organization. 
C .. skrawkcab gnitirW 
D. An unorthodox digit entry system popularized by HP. 

3. Engineering is to Science as: 

A. IBM is to industry standards. 
B. Sleep is to college. 
C. The PSO is to lawfulness. 
D. Industry is to productivity. 

4. To graduate as an engineer with a 4.0, you must: 

A. Sell your first-born male child. 
B. Become celibate. 
C. Mow Ben Sharpe's lawn (for free). 
D. NO ONE graduates as an engineer with a 4.0; if they 

say they did, they're probably celibate. 

Answers: You actually think this quiz has real answers? 
C'mon, you're an engineer, engineer your own answers! 

From the home office in 
Alamogordo, New Mexico, 
comes late night With 
Technotrivia's own ... 
Top Ten list of Names for 
Overachieving Engineering 
Students. 

10. Dork 
9. Gilbert 
8. Geek 
7. (a tie between) "the Beav" and 

Chump 
6. Cretin 
5. Dweeb 
4. Putz 
3. Weenie or Wiener 
2. Nerd 
1. and a darkhorse at first 

with, Squid 

Late night with Technotrivia's newest catch phrase. 
(it's sweeping the nation!) 

"Yeah sure, they say it's 30 below, but the wind chill's 
about 70 below!" 



Faculty from 14 

Although Ubbelohde is interested in 
the architectural profession, she 
believes teaching is "the most 
intellectually stirring thing you can do 
in the field of architecture." 

Ubbelohde cares about her students 
and is fascinated with the learning 
process. Research is also important to 
her. "Research helps teaching," 
Ubbelohde said. She believes it's 
difficult to successfully handle a full 
load of research and teaching at the 
same time. A professor needs 
adequate time for both activities in 
order to have either one be a 
beneficial experience. 

Keeping on top of the most up-to-date 
information in her field is important. 
Although it's hard to make the time to 
read professional journals, there are 
other alternatives. Ubbelohde talks 
with other professors. They share 
information on different aspects of 
architecture and keep each other 
informed on what's new. 

Susan Ubbelohde enjoys her work. 
She's interested in the learning pro
cess and believes that teaching and 
research should reach a beneficial 
balance. Reagan may have lost 
Minnesota, but Minnesota gained 
Ubbelohde. A 

Craig from 15 

performance and ability. They will see 
this, and will "get you into 
engineering." Jim believes that the 
ambitious and enterprising graduate 
can "make his own market." 

Ji believes that the 
ambitious and 
enterprising 
graduate can "make 
his own market." 

+M§§@i!Ml@i 

When Jim isn't working, he and his 
wife are involved with sailing on Lake 
Minnetonka, and are planning a trip to 
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the Apostle Islands with some other 
sailing enthusiasts. He enjoys both 
cross-country and downhill skiing. 

Jim Craig is one alumni who has not 
only experienced success in the job 
market, but has had the presence of 
mind to observe the business world 
and recognize what those still in 
college need to do to have the same 
success as he. His commitment to 
excellence is exemplary of the caliber 
of graduates the Institute of 
Technology produces. A 

Once a full high school education was 
the best a~:hievement of a minority; 
today, it is the barest minimum for 
decent employment or self respect 

-Eric Sevareid 

Farmer, laborer, clerk-that is a brief 
history of the United States. 

-Johrn Naisbitt 

e lett~ Pac ard 
rein. e ts the 

<:alculat 

The new 
HP,28C does 

things no other 
calculator can. 

Like algebra and 
calculus using vari~ 

ables in letters and 
words, such as x, y 

and zebra. 

It does matrix, vector 
and complex number 

arithmetic. Plots func, 
tion and data points. 

And solves for any vari, 
able in any order. 

How does the HP,28C do it? With menus, softkeys and 
the largest number of built,in functions of any calculator 
ever. 

It isn't more of the same. It's the reinvention of the 
calculator. See it today. $ 18g.9Q 

ELS 

HEWLETT 
PACKARD 

RIDGEDALE ® ROSEDALE ® BURNSVILLE CENTER 
MIDWAY® NORTHTOWN o U. OF M~ DINKYTOWN 



IF E E, 
E. 

Today's Navy offers one of the best opportunities you may have to develop 

leadership experience. It's experience that has given a boost to many people 
in and out of the Navy. And it's an inherent part of a Navy officer's 

professional development. Naval ROTC gives qualified students the opportunity to 
obtain a commission in the United States Navy as surface ship, submarine, or 

aviation officers. For more information call (612)625-6677 or write to: 

NROTC Program 
15 Church Street SE 
203 Armory Building 

University of Minnesota 
Minneapolis, MN 55455 
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Photo by Gary lovelace 

Minnesota Technolog Staff, "1986-87. From left to right Front Row- Ronda Way, Lori Wischnak, Renee Hanson, Annette O'Connor, Vicki Bryner. Middle Row
Christine Krocak, Kirk Nelson, Rick Youngblood, Scott Fischer, Susan Curran, Gary lovelace. Back Row- David Kortenkamp, Tom Saefke, Jim Willenbring, 
Scott Hoffer, Eric Hendrickson, Mark Werner, Kevin Cummings. 
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Lisa Dickson does! She's helping 
GE create tomorrow's robot sys
tems. With "smart" robots that can 
actually see, touch, and sense heat 
or cold. "Adaptive" robots that can 
measure how well they're doing a 
job, or reprogram themselves in 
moments to take on new 
assignments. 

Sound like sci fi? It's as close as 
your first career move. Because at 
GE, we're already using robots like 
these, for jobs that require decision 
as much as precision. 

When GE adds vision capability to 
lasers and off line programming, 
robotics takes a giant leap forward. 
Just on the horizon are GE sight
equipped robots that guide 
themselves through intricate laser 
welding. What next? Tactile sensor 
pads to enhance GE robots with 
super-human dexterity And 
computer brains for "trouble
shooting" robots whose thought 
processes come close to human 
intuition! 

General Electric is an equal opportunity employer. 

If you're fascinated by robotics, the 
new frontier is happening at GE. 
We not only design, build and sell 
robotic systems- we're using them 
in bold, new ways. Robots are an 
integral part of GE manufacturing 
processes, for everything from 
lightbulbs to locomotives. 

So consider your future through 
the eyes of today's most exciting 
technologies. If you're that rare 
individual whose excellence is 
driven by the power of imagination, 
you'll find room with a view at GE. 

• A registered trademark of General Electric Company. 


