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Not too many years ago, this nurse 

was a patient at St. Jude Children's 
Research Hospital. She fought a tough 
battle with childhood cancer. And won. 

Now married and with a child ofher 
own, she has returned to St. Jude Hospi
tal to care for cancer-stricken children. 

Until every child can be saved, our 
scientists and doctors must continue 

if 
their research in a race against time. 

To find out more, write St. Jude 
Hospital, P.O. Box 3704, Memphis, TN 
38103, or calll-800-877-5833. 

ST.JVDE CHILDREN'S 
RESEARCH HOSPI'IiU. 
Danny Thomas, Founder 
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Rocketing from 23rd place last year to sixth place in 1993, 
Minnesota Wild Ones rocked the roads of Marysville, Ohio-
and set themselves up for even greater future victories. 

\\'"orld ... buildi:ng Kids Get Booked 
on Seienee 
Schoolkids all over the state developed "ownership" of a small 
section of the big blue marble we call home by working on the 
Globe project--and may pursue science careers because of it. 

Chendstry is Fun! 
The U Chemistry department's using Twinkies and bowls of 
cereal to teach kids chemistry basics--in a literally hands-on way. 

20 ~loving Out and Taking Shape: 
Bioengineering with £ells at the IJ 
They slip, they slide, they shiver to the biorhythms-- they're 
totally bioengineered. Take a tour of the latest in the marriage of 
engineering and medicine: cell manipulation and an artificial liver. 

26 (~oing Mobile? Think Alternative 
And what to put in your own buggy? Get the lowdown on two 
innovative fuels. They may help save the planet--if they don't 
explode in researchers' faces first. 

30 Detecting Neutrinos- Pushing the 
.t~rontiers of Particle Physics in Minnesota 
Deep underground, Minnesota physicists are working with these 
particles to help account for the missing mass of the universe. 

34 Chaos in the lJ niversity! 
In a chaotic world, where few things are predictable and where 
instability is a constant, Chaos theory--the study of non-linear 
dynamics--may enable researchers in science and the humanities to 
clarify issues. 

Ab01ut the eove:r ••• 
Minnesota's Baja Buggy roars around a 
corner in Marysville, Ohio, en route to a 
strong finish. 



EDITORIAL 

Don't Go It lone 
by Corinna Nelson Editor in Chief 

You know the feeling. 
You're sitting in a cast-of
thousands Chern, Calc or 
Physics lecture feeling like just 
another number, not unlike 
those blurring before you on 
the board. You're feeling 
reduced to a vertical pencil 
line (that's number two to you, 
pal) on computer-read test 
forms. 

I.T. administrators and 
faculty, reaching back into 
their pasts, could identify with 
the feeling and had a great 
idea two years ago: break 
down the isolation. Put stu
dents in groups so they could 
meet each other. Act as if LT. 
were a small, personal college. 
What a great idea. 

And so team advising was 
born. The idea: if freshmen 
attend the same cast-of-thou
sands lectures together, maybe 
they'll get to know each other, 
form study groups, get better 
grades ... stay in LT. 

The idea was borrowed 
from the Honors program, 
where students were doing 
well in smaller lectures geared 
specifically toward them. LT. 
thoughtthatevenifthey 
couldn't have smaller lectures 
they could replicate the Hon-
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ors experience by putting 
incoming greenhorns in 
groups of 90, assigning them 
ongoing peer and faculty 
advisers, setting up social 
events, giving them a lounge. 

It was also based on re
search indicating that students 
learn best in groups rather 
than alone. A study of math 
students in California showed 
that students who worked on 
problems in groups had better 
test results-taking the test 
alone-than did students who 
studied alone. 

The results of the first 
batch of freshmen-the 
1991'ers-are beginning to 
come in. What's the verdict? 
Can a behemoth school really 
act like a small college-with 
similar results? And if it can, 
should it keep on doing it? 

Preliminarily: G.P.A.s are 
inching up and students seem 
to be taking more credits per 
quarter. All good, so far. 
What's not dear from the 
statistics is whether more 
students are opting to stay in 
LT. rather than transferring to 
C.L.A. -or leaving school 
entirely-and what their LT. 
experience is like. 

The experiences of the 

Physics department provide a 
few more dues on how best to 
fine-tune group learning, and 
on how to keep LT. students 
motivated. That department 
divided up students into 
groups of three in some situa
tions. Interesting patterns 
emerged: same-sex groups, 
and groups including two 
females and one male did fine; 
however, in groups where 
there was only one female, the 
female sometimes tended to 
get overlooked by the two 
males. Physics altered group
ings in orientations, using sex
segregated tables. 

Associate Dean Sally 
Kohlstedt echoed these results, 
saying that students who are 
in the minority in engineering 
programs-women, and some 
racial groups- do best if they 
aren't isolated as the utoken" 
in learning situations. It stands 
to reason that going it alone is 
rough on anybody in I.T. 
Students in the majority here 
aren't immune from stress 
either. 

The solution? Participate in 
events with your advising 
team, but don't stop there. A 
group of 90 sharing a few 
advisers hardly receives dose, 



personal attention. Join a 
group: the LT. Board, the 
Board of Publications, Project 
Technology Power, the Society 
of Women Engineers (which, 
despite the name, welcomes 
men with open arms-and 
open test files) or others. Tutor 
other students. Commuters 
who leave right after classes 
miss out big time on opportu-

nities to network with other 
students and with profession
als in the field. Since so much 
work in science and engineer
ing is done cooperatively, you 
won't have the option of 
going it alone once you get 
into your first professional job, 
or into grad school. Get into 
the habit of you working with 
your colleagues now. 

Don't go it alone. 
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HAPPENINGS 

UROP 
MarehesOn 

I.T. students are making a 
splash in the Undergraduate 
Research Opportunities Pro
gram: of the approximately 350 
students who participate in a 
year, at least least 75 come 
from LT. 

Vicki Munro-Bjorklund, an 
administrative fellow in the 
program/ has a personal favor
ite from the projects submitted 
over the last several years: a 
computer simulation of lion 
breeding. Other recent projects 
have ranged from the cosmic
a study of Minnesota's Lunar 
Simulant-to the asthmatic-a 
simulation of lung wheezes. 

Bjorklund stresses that 
there's no G.P.A. cutoff-some 
UROP' ers are honors students, 
some aren't. The main qualifi
cation, she says, is self-motiva
tion. 

Although Physics, Chemis
try and Chemical Engineering 
have been especially in evi
dence in UROP, students from 
any discipline in LT. may 
participate. What's required is 
a faculty sponsor and a re
search proposal. 

UROP accepts applications 
twice annually. For further 
information, call 625-3853. 
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e • ariucei rena: 
Not a Bad at in tlte 

Douse 
It's new, it's sleek and there 

ain't a bad seat in the house. 
The new Mariucci arena, 

which will open for its first 
season this winter, was de
signed with the help of a 
computer system for architects 
and structural engineers. The 
system, from McDonell Dou-

With the aid of the com
puter, architects could see 
what the view of the ice arena 
would be from each seat in the 
house. This part of the 
computer's help was elemen
tary in showing University 
officials what the new hockey 
arena would be like for the 
audience. 

To get the one-of-a-kind 
seating arrangement, the arena 
has parabolic seating. As a 
member of the audience walks 
down the stadium steps to
ward the ice rink1 they would 
notice the steps flattening out 

~ as they got closer to the ice. 
] The seats slope down to the ice 
.;so the people sitting up higher 
M • 
] can see over the people m front 

="'-'-----""-'----~-_J___...o:::__ _ __~ ~of them and still have a good 

glas, has been used widely by 
architects and structural engi
neers. 

Computer-aided design, or 
CAD, is run-of-the-mill stuff 
these days in architecture. The 
people who designed the 
arena, OPUS Architects and 
Engineers, Incorporated, use 
CAD in many if not all of their 
projects, said Mike Lederle, 
manager of the structural 
department at OPUS. 

view of the ice. 
What does it mean for the 

audience? 
Gone are the days when the 

low-priced ticket meant a seat 
behind a cement column. 

Some say that the hockey 
arena is a contender for being 
one of the best hockey stadi
ums in the world. Check it out 
this fall and see what the 
computer aided-design of the 
Mariucci Arena does for your 
view. 



PERSPECTIVES 

En ~neering ducation on_ the 
Verge of the 21st Century: 
the Transfor10ing Context 
by F. A. Kulacki, Dean, Institute of Technology, University of Minnesota 

ngineers and applied 
scientists are on the verge 

of the most exciting period of 
history. Graduates of the 
Institute of Technology will 
see great change and challenge 
during their careers. 

The engineer who gradu
ates in the 21st century will be 
a different individual than 
those of my era some 30 years 
ago. He or she will face a 
wholly different context and 
professional environment for 
the practice of the profession. 

Schools of engineering and 
science, like IT, are in the 
middle of this transformation 
by virtue of their pivotal role 
in education and the impor
tance of their graduates to 
literally every aspect of mod
ern society. 

To explore all of this a bit 
further, let's begin with a bit of 
history and then take a look at 
some of the important forces 
facing engineers in the years 
ahead. 

THE HISTORICAl 

SETTING 

Engineering education in 
the United States has gone 
through several periods of 
development in this century. 
Curricular philosophies and 

structures have been produced 
in response to the primary 
need of the post-19th-century 
industrial age: the education 
and training of entry-level 
engineers equipped to solve 
problems in design and prod
uct development. But revolu
tionary scientific and technical 
developments after World War 
II reoriented engineers and 
engineering education toward 
emerging disciplines. Special-

ized curricula evolved to meet 
industrial and governmental 
needs at both the undergradu
ate and graduate levels. 

To a great degree, the 
growth of the major industries 
of the 20th century---chemical 
production, automotive manu
facture, electrical power and a 
variety of commodity indus
tries-depended on a partner
ship with engineering schools. 
So, curricula and research 
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programs tended to mirror the 
needs of industry and, during 
and after World War II, the 
needs of government and the 
military. 

It must be said that by 
many measures/ engineering 
schools and their graduates 
have been extremely success
ful. Graduates of American 
colleges of engineering are 
systematic thinkers, problem 
solvers and can adapt to man
agement responsibility, a 
narrowly focused technical 
specialty or other fields of 
work. 

The growth of the national 
economy over the generation 
following World War II has 
tended to affirm the educa
tional paradigm supported by 
the academic1 industrial and 
governmental alliance that was 
so carefully forged out of the 
industrial expansion of the 
early years of this century. 
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TOWARD A 

TRANSFORMATION 

In the last quarter of this 
century, however, many of the 
assumptions underlying the 
education of engineers/ the 
manner in which they will be 
employed by industry and 
government and the policies 
under which engineering 
education and research are 
supported are being chal
lenged by pervasive changes 
in engineering practice and the 
national economy. Part of our 
nation/s response to this ongo
ing industrial challenge must 
lie within the engineering 
schools and their faculties. 

The present generation has 
seen the coming of a new post
industrial age characterized by 
the emergence of several 
general trends in the United 
States and the world. These 
include: 

$A growing dependence 
on information throughout all 
aspects of society. 

@The movement of the 
United States toward member
ship of both regional econo
mies and a global economy. 

@A movement to a duality 
of "high tech" and "high 
touch." 

$An increasing awareness 
that the nation needs to focus 
on long-term solutions to 
problems and to develop 
coping and adapting strategies 
for future changes. 

Industries that are charac
teristic drivers of the new era 
include space and aerospace, 
telecommunications, comput
ing/ information management, 
biotechnology and environ
mental management and 
conservation. A quick com
parison to the leading indus
tries of a generation ago gives 
ample evidence of the changes 



that these trends have brought 
to the U.S. economy. 

Interestingly enough, the 
leading science-based indus
tries of today were spawned, 
in part, by engineering and 
science departments supported 
by grants from the federal 
government. In some cases, 
the collaboration between 
engineering schools and indus
trial firms was essential to the 
development of new technol
ogy. This happened with the 
transistor, the integrated 
circuit and the field of semi
conductor electronics. 

For engineering schools, 
there is also ample evidence to 
suggest that engineering in the 
first half of the 21st century 
will be practiced within the 
context of a global macro
economic conversion. There 
will be much greater competi
tion among nations for essen
tial natural resources and 
emerging global markets. 
Hence, the theory and practice 
of engineering may change 
dramatically over the next 
generation. 

Engineering education will 
also need to adopt a new basis 
for structuring curricula. Its 
development will involve 
conceptual, methodological, 
organizational and substantive 
transformations which will 
first be felt in society at large 
and then in academe. 

Broadly speaking, these 
transformations and trans
forming forces can be charac
terized by globalization, inter
dependence, vulnerability, 
uncertainty and turbulence. 
These are the trends that I 

believe will shape the prepara
tion of all professionals, and 
particularly engineers. 

THE FUTURE EDUCATIONAL 

FRAMEWORK AND CONTEXT 

Tomorrow's educational 
process for engineers will 
likely be a curriculum that 
addresses aspects of 
interdisciplinarity, macro
engineering, cross- cultural 

The theory and 

practice of 

. . 
eng1neenng may 

change dramatically 

over the next 

generation. 

sensitivities and the develop
ment of an appropriate frame
work for the exercise of engi
neering judgment in combina
tion with data and alternatives. 
Most importantly, the engineer 
of the next century needs to be 
more "problem-minded" 
rather than simply "answer
giving." 

The window of opportu
nity to impact the preparation 
of baccalaureate engineers by 
the year 2000 is a very narrow 
one, given the changing cli
mate for financial support for 
higher education and ana-

tiona! faculty that will experi
ence an increased rate of 
retirement in the next five 
years. 

Let me suggest that the 
context for engineering educa
tion in the next decade will be 
built upon the need to develop 
what I like to call"prudent" 
engineers-those who can 
better combine information, 
knowledge and judgment in 
their early career assignments. 
In addition to demanding a 
heightened sense of profes
sionalism, the future of engi
neering education will be very 
much influenced by the ever
narrowing distance between 
scientific advancement and its 
application to a technology. A 
new and enlightened partner
ship between science and 
engineering education will be 
needed to produce the kind of 
engineer who can quickly 
grasp the utility of scientific 
advances. 

Schools of engineering also 
need to improve the social 
awareness of their graduates 
through a closer relation with 
the liberal arts colleges. It may 
require a rethinking of what 
liberal education in a techno
logical era means both for the 
engineer and non-engineer 
alike. In any case, engineering 
students should be educated 
within a more coherent liberal 
framework than presently 
exists in most engineering 
schools. 

The idea of life-long learn
ing will also take on a new 
dimension for engineers. 
Undergraduate curricula need 
to be redesigned to reflect the 
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reality that the baccalaureate 
degree will not suffice for a 
career that can span some 40 
years and encompass several 
major shifts in the technologies 
of a discipline. Moreover, the 
normal career progression of 
most engineers takes them 
from specific, discipline-based 
assignments to more inter- and 
trans-disciplinary work. The 

latter requires that the engi
neer continue to broaden his or 
her knowledge base, and this 
can only be obtained via a 
regular program of educa
tional activity after formal 
engineering studies have been 
completed. 

To conclude, curricular 
redesign for the future should 
prepare engineering students 

to manage uncertainty and risk 
in problem solving, to deal 
with alternative solution 
scenarios, to correctly define 
problems as well as solve them 
and to work effectively in a 
social framework much more 
influenced by cultural and 
economic diversity than in the 
past. 
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Dr. Francis A. Kulacki 
Dr. Kulacki is dean of the Institute of Technology, a position he as
sumed this fall quarter. He received his B.S. and M.S. Degrees at the 
Illinois Institute of Technology and his doctorate in Mechanical Engi
neering at the University of Minnesota. Kulacki has been a faculty 
member at Ohio State University and served as chairperson of the 
Mechanical and Aerospace Engineering Department at the University 
of Delaware. For the past seven years, he served as dean of the College 
of Engineering at Colorado State University. 

IF YOU'RE THINKING 
SCIENCE OR 

ENGINEERING, THINK 
AIR FORCE ROTC. 

College is where your edu
cation in science or engineering 

reaches new heights. 
Air Force ROTC can take that education 

even higher- into satellite, laser or other 
technologies that become the focus of your 

career upon graduation. You may also qualify for 
two- through four-year scholarships that help defray your 
college costs and provide you with $100 each academic 
month tax-free. 

If you're thinking technology, think Air Force 
ROTC. Call 

Dept. of Aerospace Studies 
(612) 626~2279 

Leadership Excellence Starts Here 



a 
orld 

etter 
by To Tong, Spring 1993 Student Commencement Speaker 

reetings! 

I'm honored to be up here 
addressing all of you, and I 
promise to keep it short. So 
keep all the rotten tomatoes 
and eggs for someone else. 
You probably saw the large 
replica of our world on the 
Northrop Plaza. That project 
is called Building a New 
World. As graduates, we are 
now entering this new world 
of fast-paced technological 
advancement. Our challenge 
is to make the world a better 
place. What can we do to 
ensure this? To excel on an 
individual level is not enough 
anymore. We must strive for 
cooperation on a global scale. 
This goal will require much 
long term vision as well as an 
understanding of cultural 
diversity. We can take ex
amples of progress from cor
porations such as 3M, 
Honeywell, Hewlett Packard, 
and Andersen Consulting. By 
forming alliances across inter
national boundaries, these 
companies are working to 
unite global markets. By 
promoting cooperation as well 
as competition, their global 
vision contributes to their 
success. Technology is what 

has made these changes pos
sible. Political and national 
boundaries are becoming less 
important as multinational 
corporations expand. We 
cannot allow cultural differ-

ences to interfere with this 
progress. 

At the U we've already 
been exposed to a great deal of 
cultural diversity. We know 
it's not always easy to under-
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stand the English used by 
some of our foreign T As. 
Some of you might even have 
trouble understanding my 
accent, but I'm working on it!! 
We persevere because what we 
have to say is more important 
than how we say it. We must 
carry this attitude with us into 
our work places. 

In IT sometimes we tend to 
focus on the formulas and 
technology while neglecting 
some important real-world 
issues. Just the fact that we are 
all here together proves that 
we can thrive in a diverse 
environment, but we need to 
be aware of others' opinions 
and viewpoints. I heard that 
there used to be a class called 
Personality 101 for IT students. 
I believe this class could teach 
us scientists to be more sensi
tive- a useful thing. How
ever, there's more to sensitiv
ity than just being approach
able. 

The world is run by real 
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people, not by machines. To 
survive in a multicultural 
society we need to be sensitive 
and open to people from all 
walks of life and all corners of 
the earth. The world is a lot 
more complicated than solving 
some of the multivariable 
Shroedinger' s differential 
equations. Dr. Martin Luther 
King, Jr. said: "We have 
guided missiles and mis
guided men." As countless 
historical lessons have shown, 
technology itself does not 
always benefit humankind. 
When you work on your 
future projects and inventions, 
I'd like to remind all of you to 
consider the importance of 
humanity, society, ethics, 
environment and 
multiculturalism. 

So, my fellow graduates, 
take pride in your accomplish
ments thus far. Making it 
through IT isn't easy - from 
all-night study sessions to 
frustrating lab projects, to 

To Tong 

dealing with wisecracks about 
our status as IT nerds! 

As we begin this next stage 
of our journey, exploring new 
horizons and tackling new 
challenges, we can be confi
dent that we've received top 
notch training at this fine 
school. The Institute of Tech
nology has just produced 
another fine graduating class 
of future chief engineers, 
scientists, entrepreneurs, 
corporate founders, and CEOs. 
Now we have all the knowl
edge and aspirations. But all 
the wonderful plans are just 
empty dreams without proper 
execution. Before I go, I'd like 
to share with you an ancient 
Chinese saying that my father 
taught me before I came to the 
US for school: "A journey of 
ten thousand miles begins 
with the first step." Let's take 
that first step, and begin build
ing a better world! 

Thank you very much, and 
good luck! 

To Tong, who graduated with a double major in Phys
ics and Electrical Engineering, participated in two 
undergraduate research opportunity program projects, 
won several scholarships and participated in numerous 
IT dubs and academic societies. 



FEATURES 

Day of Glory: 
the Baja Buggy 

by Drew Denker, Teclmolog Staff Writer 

The Baja Buggy team. L toR: Front row: Dale Lindbeck, Mark Hafley, Steve Smith, Debra Jochum, James 
Holroyd. Back row: Jeff Meyers, Robb Benson, John Rapheal, Cory Danks, Balazs Vandor, Adam Friedrich. 

"Look at 56! It's gonna take 
'em in that turn again!" 

Eyes and outstretched arms 
follow an off-road vehicle as it 
takes the inside of a turn, 
sliding by several cars. There 
may be faster cars on the track, 
but on this June day, car 56 is 
among the leaders. As the cars 
disappear from view, the 
spectators anxiously wait for 
the drama of the next lap. 

Car 56 captured sixth place 
out of seventy-four entries in 
last June's Midwest Mini Baja 
Competition in Marysville, 
Ohio. The car is also known as 
the University of Minnesota's 

Society of Automotive Engi
neers' Baja Buggy. The stu
dent-initiated, student-run 
endeavor was the product of 
well over 600 hours of dedi
cated design and construction 
work. 

THE BAJA BuGGY 

The SAE team's Baja 
Buggy, a four-wheeled, one
person recreational vehicle, 
first captured the drive and 
imagination of IT students in 
November of 1991. As a Senior 
Design Project, mechanical 
engineering students spent the 

winter of 1992 designing a 
vehicle for the annual Mini 
Baja Competition. They con
structed their vision the fol
lowing spring. The 1992 raced 
to a 23rd place finish out of 
more than 70 entries. They 
were proud to be one of the 
few first-year teams to finish 
the grueling endurance race. 

The SAE construction 
guidelines required two 
things: uniformity in the 
buggies' engines, and safety. 
All vehicles were restricted to 
an 8-horsepower Briggs and 
Stratton four-cycle engine. Roll 
cages, elaborate driver re-
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Steve Smith (seated) and John Rapheal in a discussion during the race. 

straints, and braking and fuel 
system design constraints were 
required. Beyond these major 
specifications, the team could 
unleash its creativity. The 
choice of dimensions, suspen
sion, drive train and frame 
construction remained up to 
the design teams. 

The University's 1992 
vehicle, made out of alumi
num, came "standard" with 
four- wheel independent 
suspension, rack-and-pinion 
steering, a five-speed transmis
sion and with the buggy's 
open cage, air conditioning. 

REDESIGN IN 1993 

The 1993 SAE team set 
upon the redesign and modifi
cation of the Baja Buggy eager 
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to improve its capabilities. 
Two basic changes didn't 
require extensive design work: 
strengthening the axles and 
softening the rear suspension. 
As the 1992 team's chances 
were nearly shattered by a 
broken axle, this was an im
portant matter. By decreasing 
the suspension's stiffness, the 
team also hoped to improve 
the buggy's handling. If the 
shocks' spring rates are too 
stift the car's tires bounce off 
of the ground too easily. 

The major redesign altered 
the drive train: making use of 
toothed timing belts, an idler, 
and a system that allowed for 
the vibration and motion of the 
transmission and motor. The 
SAE members gained automo
tive engineering knowledge 

while determining how to 
mount the transmission and 
alter the drive train. 

To prepare for 1993's Mini 
Baja, the SAE team logged 
nearly 300 hours in the ma
chine shop and an estimated 
300 more in design work. 

MARYSVILLE, OHIO 

Last June at the Transporta
tion Research Center in 
Marysville Ohio, the Baja 
Buggy faced competition from 
72 entries from all over the 
country, including universities 
in Wisconsin, Kentucky, Kan
sas, Michigan, Virginia and 
Ohio. The team's car was put 
through a variety of rigors. 
Cost and design reports, han
dling, acceleration, braking, 



The educational 
benefits of 

the 
project are 

immeasurable. 

top speed, and maneuverabil
ity tests, as well as a chain pull 
and an endurance race com
prised some of the evaluations. 
The Minnesota team fared 
slightly above average in most 
categories. Where the 
University's SAE team and its 
machine excelled was on the 

endurance course, finishing in 
third place. The points gained 
in the endurance race allowed 
the Minnesota team to post a 
sixth-place finish overall. 

Member, 1993 Society of 
Automotive Engineers' Baja 

Buggy design team. 

Employers say that it's this 
sort of item on a resume that 
catches their attention. Faculty 
advisor Professor Pat Starr 
says the educational benefits of 
the project are immeasurable. 

"Students work in small, 
highly focused teams develop
ing complete systems," he 
said. Perhaps a student's 

Drew Denker 

response to a post-project 
survey sums up the impor
tance of the Baja Buggy. 

"It is difficult to assess 
exactly what I have learned 
working on the Baja Buggy," 
the student wrote. "On a 
conscious level I understand 
much better the workings of ... 
automotive and power train 
related items. For this I will be 
eternally grateful. What was 
learned more subtly is perhaps 
more important though." 

When Drew isn't grooving on his favorite tunes, he 
passes his time studying the theories of Ian Malcolm, 
allowing himself to become a part of the Jurasso-band
wagon. The main fuel for his daydreams is another trip 
to the BWCA with a huge can of beans. 
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. T. is reaching out to schoolkids across the state 
in experi1nental and worldly ways. From the 

spring globe-building project to summer chemis
try labs, I. T. faculty and students are connecting 
with Minnesota kids from elementary age through 
high school. Some of those kids are being inspired 
to continue in careers in science. Here's an up
date on hozv the U is nzeeting kids at their level. 

orld-bnildin 
Get Boo 

by Lara Carls~ Lissick, 

for Technolog 
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• e1enee 
More than 10,000 Minnesota children pulled together to 

produce a science project of global proportions at the University 
of Minnesota in May. Teachers from around the state are enthu
siastic about the results of the "Building a New World" project, 
which involved grade school and junior high school students in 
the planning, drawing and construction of a 42-foot model of 
Earth. 

Sponsored and organized by the Institute of Technology, the 
project used a hands-on approach to increase students' interest 
in technology and engineering, and helped the students learn 
about distances, weights and the Earth's scale. 

Eighth-grade teacher Dave Myers coordinated the project for 
Scott Highlands Middle School in Apple Valley, and helped 35 
students plot and paint one ocean panel and two land panels of 
Australia and its islands. He says that the project helped in
crease the students' interest in science-a result he noticed 
especially in several female students. 

"When they were done with the project, there was a career 
information fair put on {in our school} for women in engineer
ing, and quite a few of the girls who participated in the project 
went," he says. 



After completing the 1,620 triangular panels 
that comprised the skin of the globe, the stu
dents gathered on Northrop Plaza and took 
turns riding bicycles to provide the power to 
raise the globe. Myers says that it was impor
tant that the students were involved with 
assembling the globe in addition to plotting 
and painting the panels. 

"I definitely think that one of the best things 
about the project was going down to the Uni
versity to assemble it," Myers says. "I don't 
think they realized how huge the project was 
until they actually saw it." He says the hard
est part was helping the students to under-

stand the task at the beginning, since they had 
to visualize what their panels and the globe 
would look like. 

"They're really visual learners at that 
stage," Myers says. But patience, perseverance 
and much hard work paid off for the students. 

The panels included geographical features 
and political boundaries and were accurate to 
within one-sixteenth of an inch. Myers says his 
students were glad that their panels were 
accurate, especially when they saw douds 
being painted over mistakes that were discov
ered as the globe was being raised. 
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"They were really happy that they didn't 
get 'clouded'-they were very proud of that," 
Myers says. 

Katsy Hanson, a teacher of gifted students 
at Chisago Lakes Middle School, said that her 
students got impatient during the wait while 
the globe was being raised. 

"Actually, I think their favorite part was 
painting on the panels," Hanson says of the 26 
fifth- through eighth-grade students involved 
from her school. They got so excited in fact, 
that she had to slow them down a little. 

"They wanted to make a quantum leap 
from seeing the map to painting the panels," 
Hanson said. "But they loved researching the 
panels they painted, and they developed a 
sense of ownership of that part of the world." 
Hanson says that the students wanted to learn 
a lot about the areas in their three panels, 
which included part of Bolivia and New 
Zealand as well as one ocean paneL 

"They had to learn a lot of teamwork and 
cooperation," she says, adding that some 
students may have become more interested in 
math and geography as a result of the project. 
She says that it was a great opportunity for an 
out-state school like Chisago Lakes to take 
advantage of a learning opportunity in the 
metro area. 

Stacey Kadrmas, a sixth-grade teacher at 
Frost Lake Magnet School in St. Paut says the 
project became especially important to a small 
group of students from her school. 

"The project had a significant impact on 
about eight to 10 students who were especially 
interested and involved," Kadrmas says. "The 
project was hard enough that teachers learned 
something too. I also think the students really 
enjoyed the field trip to the University and 
seeing the globe actually go up and become a 
reality." 
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Kadrmas says that much time and energy 
went into the construction of Frost Lake's 
17 panels, and that a great deal of math was 
used to plot the land panels. 

"Plotting the panels was the most challeng
ing part," Kadrmas says. "Knowing you were 
going to be connecting your panels with some 
stranger's panels, and the borders were sup
posed to match up ... that was very intimidat
ing." She says that an extremely accurate atlas, 
provided for each school by the Institute of 
Technology, helped her sixth-grade students 
immensely. 

The globe was originally scheduled tore
main on Northrup Plaza for one week, May 4-
9, but its overwhelming popularity led the 
University to keep it there longer. The project 
team plans to make it available for other groups 
of students to reassemble around the state and 
the country. 

Sources: 

Hanson, Katsy; Interview. 

Kadrmas, Stacey; Interview. 

Myers, Dave; Interview. 

Benda, Chuck, "Building a New World," Items, 
Spring 1993, pp. 9 -11 

Lara Carls-Lis sick 

Lara Carls-Lissick, a Journalism grad stu
dent, may be gracing the T.V. screen after 
graduating with a focus in broadcasting. This 
is her first article for Technolog. 



Terra Cole discusses her experiment with instructor Nancy Breshnahan. 

• I n! 
by Emma Douglas, Techno log Staff Writer 

n a Smith hall laboratory, about 25 junior high school kids bend over their lab benches, mash
ing up Twinkies. No, it isn't snack time; they are measuring the fat content in a Twinkie. One 
boy goes a step further. Pulling the cake away from the cream, he has decided on his own to 

compare the fat content of the two critical components (cake and cream that is.) 
This analysis of munchies is part of a five-week summer lab program in Upward Bound, a 

year-round, hands-on learning experience for junior high school students from low-income fami
lies. The lab program is one of several in which faculty and students from the Chemistry Depart
ment use their talents to stimulate young imaginations. 

Team leaders encourage students to think about how to set up experiments, and not just 
follow a "cookbook recipe." They meet before beginning to talk about approaches and ideas. One 
experiment requires students to measure the iron in cereal. When one of the young experimenters 
cannot isolate the iron in an iron-fortified cereal, he goes home and calls the manufacturer to find 
out why. His curiosity illustrates one of the goals of the program: getting students interested 
enough in their surroundings to ask questions and to search for answers. 

The Chemistry Department is also extensively involved in community outreach. Professor 
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Louis Pignolet initiated the 
outreach program in Fall1989 
as a way to get kids from 
elementary school through 
high school interested in 
science, chemistry in particu
lar. 

"The perception is that 
chemistry is difficult and that 
only a genius can do it," Dr. 
Pignolet said. He wants to 
show that chemistry is fun and 
that anyone can do it. 

According to Pignolet, 
when students do badly in 
school, counselors tend to steer 
them away from science. He 
hopes to make students com
fortable with science, to en
courage them to go into sci
ence, and to build confidence. 
Although it is difficult to 
assess effectiveness after just 
four years, some counselors 
report student improvement in 
problem areas after participat
ing in the lab course. 

About 30 undergraduate 
and graduate students 
from the U visit metro 
Twin Cities schools to 
demonstrate basic 
chemical principles. 
These highly visual 
demonstrations are 
designed to impress 
kids with no prior 
chemistry experience. 
For example, by way 
of demonstrating the 
properties of liquid 
nitrogen and various 
gasses(argon,oxygen, 
ethane, helium, and 
hydrogen), demonstra
tors illustrate differ
ences in flammability 
and explosiveness. 
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"The perception is 

that 

chemistry is difficult 

and 

that only a genius 

can do it." 

Iii Iii Iii Dr. Pignolet 

The outreach leaders also 
do demonstrations in conduc
tivity, polymers (silly putty 
and Slime), catalysis and 
memory metal (nickel-titanium 
alloy). High school students 
witness a more complex dem
onstration involving electroly
sis of an HCl solution and a 
photochemical chain reaction 
of H2 and C12. 

Initially, the outreach 
program and development of 
the demonstrations were big 

investments in time. Stephanie 
Miller, a principal student 
personnel worker in the de
partment of Chemistry, juggles 
schedules for participating 
students (especially difficult 
during final exams) and 
handles the administration of 
the program. 

If community interest is a 
gauge, the investment is pay
ing off. In the past academic 
year, approximately 1,000-
2,000 students have partici
pated in the outreach program, 
and there are waiting lists of 
interested schools. Following 
one presentation, a teacher 
wrote a note of gratitude 
saying, "They really got the 
students excited about sci
ence!" The outreach program 
has also worked with the 
Science Museum of Minnesota 
in St. Paul. 

Another outreach effort 
organized by Miller and Dr. 
Pignolet focused on stimulat

!U 

ing interest in chemis
try among high school 
students, is Chemistry 
Day. University 
students and noted 
scientists participat
ing in the Annual 
Larry Conroy Memo
rial Lecture conduct 

·~ demonstrations, local 
"" ~ colleges and compa-
&'l nies put up exhibits 
!:: 8 and provide career 
!U information and the 
~ Chemistry Depart
~ ment offers tours of 
~ their research fadli
f ties. About 600 high 

Professor louis H. Pig~n-ol_e_t -in""h""i-s -of~f~ic-e-at---' school students and 
139 Smith Hall, University of Minnesota. 30 teachers attend 



Chern Day each year. 
It's clear that elementary, 

junior high and high school 
students benefit from the 
chemistry outreach program; 
however, the University stu
dents who volunteer benefit 
even more. He says students 
learn to teach and to motivate 
others and that it is "profes
sional training outside of the 
classroom." It is also impres
sive to companies, some of 
whom have their own out
reach programs. 

Steven Skansberg watches Tarik do his experiment with cream cake. Tarik 
wants to find out whether the cream has more fat than the cake, or vice-versa. 

Emma Douglas 

Emma, a Chemistry senior, can be found fiddling away-she's 
played violin since age eight-when she's not in the lab experi
menting away. True Brit Douglas-a British citizen thanks to an 
Irish dad and an English mum-is a diehard movie fan. This is 
her first piece for Technolog. 
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Out and a in 
hape: Bioen ·neering 

Iilii 

OVID 

ith Cell at the U 
by Tamara Lubic, Techno log Staff Editor 

n campus and off, engi
neers and biologists used to 

keep to themselves. Oh sure, 
they saw each other in chemis
try and calculus class. But 
then the bell rang and one 
group headed off for thermo
dynamics. The other scooted 
along to physiology. After 
graduation, out in the real 
world, they saw even less of 
one another. 

Then a few years ago, a 
transformation began. Engi
neers and biologists were 
cooperating and collaborating 
in record numbers. Calling. 
Writing. Faxing. Doing lunch. 
Booking their research agen
das well into the next century. 

They were cooking up a 
storm. And what was on their 
cutting board, er ... drawing 
board? Cells. The newly 
reacquainted biologists and 
engineers were slicing, dicing, 
mincing and peeling cells 
down to their tiniest fragments 
and filaments. Swapping 
DNA and other parts like 
crazy. The first university 
bioengineering programs 
started in the 1950s. In the 70s 
and 80s, "bio" words 
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sprinkled our language: bio
technology, bioprocesses, 
biomaterials. Stock prices for 
"biotech firms" smashed 
through the ceiling. Biologists 
told 'em how to keep things 
alive; engineers told 'em how 
to scale up and manufacture. 
Chemists helped bridge the 
disciplines. Competition was 
fierce, and riddles became big 
and very, very scary (what do 
you get when you cross the 
genetic material of several 
species?) 

Biotechnology has experi
enced both successes and 
setbacks. One enduring con
cept that has emerged is: 
"Natural" often works better 
than" artificial/ synthetic." 
The body is sometimes its own 
worst enemy, a suicidal sniper 
on the road to getting well. A 
healthy immune system may 
attack foreign substances
even helpful, physician-pre
scribed substances-faster 
than a person can say Saccha
romyces cerevisiae. Animal 
cells. Artificial substances. 
Cells and tissue from other 
humans with different blood 
types and antibodies. All of 

them are in danger of getting 
zapped. 

But if researchers were able 
to culture or grow real tissue, 
stuff that the body would not 
resist, amazing things might be 
possible. Maybe researchers 
could trick healthy cells into 
destroying tumors. Perhaps 
they could replace scarred skin 
with healthy, unblemished 
flesh, rejuvenate cardiac 
muscle, give an athlete a new 
kneecap or elbow. 

Two researchers at the U 
who are working in tissue 
engineering are Dr. Wei-Shou 
Hu and Dr. Robert Tranquillo, 
Chemical Engineering and 
Materials Science. Collaborat
ing with Dr. Frank Cerra, 
Surgery, Hu is designing an 
artificial liver for providing 
short term support outside the 
patient's body. Tranquillo is 
researching the way that cells 
migrate through the body, a 
process critical to wound 
healing and inflammation. 

With biologists and engi
neers combining their know
how, making spare or replace
ment parts might one day be 
almost as easy as saying, 



"Hand me a tissue, will you 
please?" 

CELLS Hn THE RoAD 

The cells in our bodies are 
social creatures. They like to 
network and form committees. 
They also like to travel. By 
studying the road maps that 
cells follow and the "choices" 
they make, medical research
ers and clinicians 

them do it (or stopping them 
from doing it) on cue could 
one day help slow the spread 
of cancer, reduce scarring and 
lead to living, functioning 
replacements for skin, bone 
and other tissue. Dozens of 
human body repair jobs would 
become more efficient. 

But cells can be stubborn. 
Tranquillo says, "One of the 
challenges to creating tissue 

tics of cells, including the 
paths they take when they 
migrate and the types of pro
teins they produce. 

According to Tranquillo, 
when cells within the matrix 
begin to migrate, they follow 
certain directional cues. For 
example, they move up chemi
cal concentration gradients 
(chemotaxis) or adhesion 
concentration gradients 

(haptotaxis); they 
are steering to
ward better treat
ments for wounds, 
inflammation, 
tumors and other 
tissue glitches. 

Traction-induced Migration Cues in Fibrous Matrices also tend to move 
back and forth 
along aligned 
fibers. By setting 
up gradients or 

Tissues (skin, 
bone, muscle, etc.) 
are clusters of task 
specific cells, so it 
follows that the 

~~!"" statistical fluctuation (increase) 
in local cell concentration 

traction-induced fiber: 

gradient ~ haptotaxis 

aligned fibers in 
the lab, and corn
paring predicted 
movement to 
actual movement, 
Tranquillo can 
begin to character
ize cell behavior. 

behavior of indi
vidual cells affects 
the group. Dr. 
Robert Tranquillo 
of the Department 
of Chemical Engi
neering and Mate
rials Science 

Illustration courtesy of Dr. Robert Tranquillo 

"The rna trix pre
sents certain infor
mation to the cell, 
and the cell re
sponds to it," he 

researches the cues that 
prompt cells to migrate. 

"We study how cells in the 
body crawl in response to cues 
in their environment and the 
role of cell forces in that pro
cess," he said. "Cell and tissue 
forces are coupled. Cells can 
generate forces in their cyto
plasm. They can transmit their 
force to tissue fibers and it's 
that transmission of force 
which allows them to crawl." 

Characterizing the way 
cells "crawl" and then making 

analogs is getting lab-cultured 
cells to crawl to the right 
places and stay there." To get 
them to shape up, he creates 
mathematical and experimen
tal models for testing their 
migration patterns. The mod
els also help characterize the 
forces cells generate and trans
mit. 

Cells live within a support 
structure called the extracellu
lar matrix (ECM). Information 
from the ECM helps determine 
the behavior and characteris-

says. "The fasci
nating but complicated thing is 
that the cells can modify the 
matrix. They can align the 
fibers while migrating through 
them. It would be like the 
road changing directions 
depending on how you and 
those around you are driving 
your cars." 

Tranquillo explains that an 
important part of creating 
effective tissue analogs is 
engineering a fiber network in 
such a way that cells "populate 
it in correct fashion." If the 
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Dr. Robert Tranquillo of Chemical Engineering and Materials Science 

cells don't form the right 
connections, if their spacing is 
off or they don't reproduce, 
instead of functioning as a unit 
(tissue), isolated cells will stay 
scattered and die out. 
Tranquillo says, /{Most of our 
attention is on the mechanics 
and dynamics of cell popu
lated networks." 

He notes that the experi
mental models involve a very 
common technique. "If s a 
relatively simple matter of 
causing the collagen material 
to assemble into long fibrils 
that entrap the cells, so you 
end up with a tissue-like 
network. The big question is 
how similar is this to real 
tissue? Can it be used as a 
tissue analog?" 

Tranquillo measures the 
rate that tumor cells invade the 
collagen-based gels. To a 
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degree, the rate depends on 
the composition of the gels. 
He says, "We ask how much 
these rate constants we mea-

If researchers were 

able to culture or 

grow real tissue, 

stuff that the 

body would not 

resist, amazing 

things might be 

possible. 

sure depend on cellular prop
erties and how much they 
depend on proteins with 

which we supplement the 
collagen. One of the great 
unknowns is how closely the 
gels resemble real tissue." 

Getting a grip on cell be
havior in the laboratory should 
eventually lead to improved 
products in the marketplace. 
As an example, Tranquillo 
mentions wound-healing 
agents that are applied to the 
surface of the skin. 'T d say 
that in 99 percent of cases, the 
[existing] products are not 
being systematically character
ized in objective, quantitative 
ways." 

But understanding the 
relationship of connective 
tissues and the forces cells 
exert would offer new possi
bilities. "The goal is to en
hance or inhibit some facet of 
that process, to promote or 
diminish a particular cellular 



activity. We [in research] 
focus on cell migration behav
ior and must leave it to clini
cians to apply what we're 
doing." 

Tranquillo says that an 
exciting still-to-be-explored 
question is how cells at the 
molecular level actually sense 
and respond to signals. He 
terms it "the marriage of 
molecular I cell biology and 
cellular I tissue engineering." 

This union will explain not 
just what a cell does but how 
it does it. How does it sense 
environmental cues over its 
whole surface? "If you know 
that," says Tranquillo, "in 
principle, one day, via some 
means of genetic engineering, 
someone will design a drug to 
alter a cell in a way that will 
correct a defect in [its] ability 
to sense and respond to a 
particular signal or to enhance 
its normal ability." 

Tranquillo describes his 
research as bridge-building. 
"Our work," he says, "is a link 
between phenomenological 
mathematical models and 
cellular mechanisms, a bridge 
between the micro and macro 
levels. We develop these 
models by conferring the cells 
and matrix with certain prop
erties and mathematically 
making these links. But we 
can only go as fast as our 
understanding of molecular 
and cell biology allows." 

LIVER CELLS PROVIDE SUPPORT 

The liver is neither as 
tangible nor as romantic as the 
heart, not as exotic-sounding 

as the spleen. But what it lacks 
in glamour, the liver makes up 
many times over in complex
ity. It is a metabolic power
house that accounts for 3 
percent to 4 percent of our 
total body weight and per
forms more than 500 separate 
functions. 

Identifying, let alone repro
ducing, essential liver func
tions is a Herculean challenge. 
Humbled by this complexity, 
Lewis Thomas writes, in Lives 
of A Cell: Notes of A Biology 
Watcher: "For I am, to face the 
facts squarely, considerably 
less intelligent than my liver." 

A multi disciplinary team 
of Minnesota researchers led 
by Dr. Wei-Shou Hu of Chemi
cal Engineering and Materials 
Science and Dr. Frank B. Cerra 

of Surgery is matching wits 
with this genius of the organ 
family. They are developing a 
non-implantable bioartifidal 
liver (BAL), for short-term 
support of patients in acute 
fulminant liver failure, mean
ing comatose and close to 
death. 

Unlike patients in kidney 
failure, patients in liver failure 
have no options other than 
transplant. But only a few 
receive one. Many patients do 
not qualify; a shortage of 
donor organs and a long 
waiting list make the problem 
worse. 

As Hu has noted, there is 
"no substitute for the failing 
liver to either buy time for the 
... liver to recover or to find a 
suitable organ for transplanta-

Extracaptllary 
Perfusion 

lntralummal 
Inlet .....,._--

Figure l. Schematic diagram of hepatocyte entrapment in the hol
low fiber bioreactor. Top: Bioreactor with both extracapillary and 
intraluminal flows. Bottom: Single fiber with hepatocytes en
trapped in collagen gel. 

Reprinted with th.e permission of Biotechnology and Bioengineering Journal 
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Dr. Wei-Shou Hu (back left) with researchers Dr. Scott Nyberg, medical fellow, Surgery, (seated), Madhu.sudan 
V. Peshwa (back right) and Florence Wu, Ph.D students, Chemical Engineering and Materials Science. 

tion." According to Hu, if 
patients can be supported 
during failure, many condi
tions can be reversed. 

The heart pumps, the 
kidneys filter. What does the 
liver do? For starters, it me
tabolizes, synthesizes, detoxi
fies and gets rid of waste. To 
perform as many essential 
processes of the natural liver 
as possible, Hu's BALis a 
hybrid, a combination of 
bioractor system and living 
animal liver cells. This inclu
sion of living cells distin
guishes the BAL from a kidney 
dialysis machine which has the 
single objective of mechanical 
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filtration. 
Though human cells would 

be the ideal for the reactor, 
they aren't available; given the 
shortage of transplant organs, 
when a liver becomes available 
it is transplanted immediately 
rather than separated into 
cells. So far, getting cells to 
grow in a lab and keeping 
them healthy hasn't worked 
either. This leaves no easy 
way to get cells. 

For the time being, re
searchers are using animal 
cells. They are the key ingredi
ent in the system. The 
bioreactor is based on a tube
within-a-tube hollow-fiber 

system. Hepatocytes (liver 
cells) are inoculated into the 
cavities of a bundle of semi
permeable hollow fiber that 
behaves like capillaries. The 
fiber creates a membrane 
between the cells and the 
circulating blood, keeping 
them separated. This prevents 
the immune system attack that 
would normally kick in if 
animal cells entered the hu
man bloodstream. 

After the cells are inocu
lated into the lumen of the 
hollow fiber, the temperature 
inside is raised to entrap the 
liver cells in a fibrous, porous 
gel matrix that allows a nutri-



ent solution to flow through. 
In the experimental model, 
solution also flows through 
the extracapillary space. But 
when the BAL reaches clinical 
trial, the patient's blood will 
flow through this outer cham
ber. 

As testing and refinement 
of the experimental device 
continues, Hu's and Cerra's 
team will evaluate it from 
several disciplines. They will 
look at the biological aspects 
(making cells more functional), 
engineering aspects (scale-up 
and improved efficiency of the 
reactor design) and surgical 
implications (catheter size and 
installation). 

The BAL has been tested on 
small animals (rats and rab
bits) and is about to be scaled 
up for dogs. Already, it has 

become an example of technol
ogy transfer between the 
University and industry; the 
University owns the patent but 
has licensed its application to a 
private company. However, if 
the BAL ultimately proves 
viable for short term support 
of liver failure in humans, the 
device will also raise ethical 
issues. 

"We have to ask, what 
should be our long-term 
goal?" Hu said. "It should not 
be prolonging the life of a 
patient to wait for an organ 
because of the shortage of 
organs. Also, if a patient is in 
a trial, and the machine 
doesn't work, should the 
patient be moved to a higher 
priority list? If so, would 
people sign up for the trial for 
this reason?" 

Tamara M. Lubic 

Satisfactory answers will 
require time and consider
ation. The prospect of provid
ing a support mechanism for 
liver failure patients is still 
some distance from availabil
ity. But today's BAL testing 
may pay off for animals as 
well as humans. Hu points out 
that because one major func
tion of the liver is detoxifica
tion, an important aspect of 
developing the BAL is its 
potential as a substitute for 
animal testing. 

If successful, Hu says, "You 
would have a more controlled 
system that could be used 
[instead of live animals] for 
metabolic studies for drug 
development as well as for 
screening and testing." 

Tamara M. Lubic is extremely interested in how people decide 
what is right, wrong, or unavoidable. A Journalism grad 
student with a minor in Biomedical Ethics, she sees a writing 
career as a way of getting answers. 
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by Matt McKinney 
Technolog Staff Editor 
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s the world's oil reserves get closer and closer to that big 
'E' on our world gas tank, more and more people are think
ing of ways to turn natural resources into fuel. Corn and 

natural gas have been used for a long time for fuel, but we are now 
poised to begin using both at an unprecedented rate. Farmers in 
Minnesota are dealing in a new trade: putting corn in our gas 
tanks. And University of Minnesota researchers have found a 
ground-breaking process for turning natural gas into methanol and 
diesel fuel. Before we enter the next era of fuel consumption, the 
alternative era, we should strive to better understand both exciting 
technologies. 

bile . 
bin Itet•native 

Down on the farm: 
Ethanol production is helping farmers, 

but what about the environment? 

The sun is just coming up, and already John Nelson can tell it 
will be another day before he can go back to work. The floods in 
southwestern Minnesota have put his corn planting weeks behind 
schedule. It may be that no corn will get into his fields this year. 

Despite the gloomy beginnings to the season, Nelson has one 
thing on his side that most other farmers don't: membership in an 
ethanol-making plant. The Minnesota Corn Processors plant in the 
town of Marshall, Minnesota is owned by hundreds of farmers who 
turn the stuff most people would eat into fuel for cars and trucks all 
over Minnesota. 

Ethanol has become big business. With profit-sharing from the 
sale of ethanol, and added incentives from the state government, 
many farmers have seen ethanol turn corn farming into something 
unusual for a farm: lucrative. It's so good, in fact, that other farm
ers in the state are turning a curious eye toward Marshall. 
Some 15 ethanol plants like this one are under construction 
throughout the state. 

Ethanol is a highly combustible fuel made from the cellulose 
found in corn and many other substances. Many things can be used 
to make ethanol. At Nelson's Marshall plant, some 15,000 gallons 



of ethanol are turned out every year. For every 
gallon produced, the state government pays the 
farmers 20 cents. In addition, state government 
grants helped to fund the plant's start-up. 

Last winter, the state government required 
that gasoline sold in the Twin Cities metro area 
be blended with ethanol to reduce carbon 
monoxide emissions. For three months, from 
Nov. 1 to Jan. 31, gasoline sold in the Twin 
Cities was 10 percent ethanol. 

The period will be lengthened this winter 

and again the following year. Eventually state 
lawmakers say that ethanol wm be sold 
throughout the state, every day of the year. 

The Environmental Protection Agency said 
that, this year, Minnesota did not exceed health 
codes for carbon monoxide levels, a strong 
testament to the environmental benefits of 
ethanol. But to most promoters of ethanol, the 
findings were not surprising. 

The Minnesota Agriculture Commission, 
charged with the duty of protecting 
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Minnesota's farmers, says ethanol protects the 
ozone layer. The crop helps farmers, reduces 
the nation's dependence on foreign oil and uses 
a reusable energy source. In fact, it seems too 
good to be true. Maybe it is. 

EPA evidence suggests that ethanol, which 
evaporates much more quickly than gasoline, 
leads to higher levels of ozone in the air. That's 
right: the same stuff we don't have enough of in 
the atmosphere. But while ozone is good up 
there, it's hazardous to our health down here. 

"It's not a clear winner," said Paul Hansen 
of the Izaak Walton League of Minnesota, an 
environmentally minded organization. He said 
the Twin Cities are already barely in compli
ance with EPA ozone standards and that etha
nol use may push us over the edge. 

"If we continue to keep putting cars on the 
road (with ethanol) it seems very likely that we 
will be way out of compliance," Hansen said. 

What gives? 
Some people argue further that the ethanol 

alternative is tricky because so much fuel is 
used to make ethanol. From tractors plowing 

the fields to trucks transporting the product, 
ethanol may use more fuel than it produces. 

"This is not a popular message in the heart 
of the corn belt ... however, we need to face the 
reality that ethanol is not an efficient option," 
said Iowa Professor Lon Drake in Iowa 
Groundwater Quarterly. 

With this winter fast approaching, 
Minnesota's thirst for ethanol will soon push 
production levels at the Marshall plant well 
into overdrive. But it seems the question more 
people should be asking is: does ethanol fix as 
much as it claims? 

Alternative fuels: University 
researchers go natural (gas). 

It's a simple little process that could really 
ruin your day. To turn natural gas into metha
nol or diesel fuel, run a mixture of methane (the 
burnable part of natural gas) and air over a 
rhodium- or platinum-coated catalyst. 

One miscalculation and the explosions 
would level you, if not the laboratory. But do it 

Professor Larry Schmidt and graduate students Marylin Huff and Paul Tomiainen are 
working on a process that will turn natural gas into methanol or diesel fuel. 
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right, and you could revolutionize the energy 
industry. 

That discovery by Institute of Technology 
researchers Daniel 

warming. Hickman and Schmidt's process is 
1,000 to 10,000 times faster than the old steam 
process. Engineering problems still remain, 

Schmidt said; the syngas is 
Hickman and Lanny 
Schmidt is being heralded 
throughout the petroleum 
world as the latest break
through in alternative 
fuels. If used widely by 
petroleum companies, the 
process could be used to 
turn the vast U.S. reserves 
of natural gas into metha
nol and diesel fuel. 

The crop helps 
highly explosive and flam
mable. 

farmers, reduces the 
"You've got to know what 

you are doing or you will 
blow it up," he said. nation's dependence on The greatest advantage to 
the new process will be in 
the fast production of 
thousands of gallons of 
methanol or diesel fuel 
from the syngas. The fuel is 
easily stored and trans
ported, unlike natural gas, 
which must be cooled 
down, converted into a 
liquid, then transported in 

foreign oil and uses a 

reusable energy source. 

Here's how it works: a 
mixture of methane (from 
natural gas) and oxygen 
flows through a ceramic 
monolith coated with 

In fact, it seems too 

good to be true. 

Maybe it is. 

rhodium. The catalyst looks like a gray, pitted 
golf ball. It is heated up until the chemical 
reaction starts, turning the methane and oxygen 
into "syngas." The syngas is easily converted 
into methanol or diesel fuel by known chemical 
processes. Hickman and Schmidt discovered a 
faster way of converting the natural gas into 
syngas. The work of the researchers was pub
lished in the January issue of Science. 

Syngas used to be produced with big steam 
reactors. Schmidt said that Germans used the 
technology to turn natural gas into fuel for 
tanks in WWII. But the process was largely 
inefficient and produced an unhealthy dose of 
carbon monoxide, a widely cited cause of global 

Matt McKinney 

insulated carriers. 
Petroleum companies aren't waiting for 

engineers at the University to work out the 
bugs. In fact, Schmidt has been courted by 
companies around the nation as they inquire 
about the new process. 

For Schmidt, the attention is flattering, but 
he's not about to leave his students for a job at 
the big oil companies. 

"The oil companies will have to do the pilot 
work to find the most feasible way to do it," the 
professor of chemical engineering and materials 
science said. He added, "I am here to teach 
graduate students." 

When Journalism grad student Matt McKinney isn't piloting a boat 
through Alaskan waters or rooting out corruption, he can be found 
squinting in front of a computer in his quest to become an even fur
ther-evolved editron. 
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t lies deep in 
the heart of 27 
Montana, 

underneath a half 
mile of Minnesota. 
27 Montana is not 
actually in Big Sky 

eteetin 
eutrino 

friend a few 
meters away 
while in the 
middle of rush 
hour in Minne
apolis. The 
sound exists, 
butit's country, it's the 

lowest level of the Soudan 
Underground Iron Mine, 2,341 
feet below ground. 

The Soudan underground 
mine is home to the largest 
neutrino detector of its kind in 
the US and one in which 
University of Minnesota physi
cists hope to find some of the 
secrets of the exotic world of 
particle physics. Why take the 
trouble to cast tons of electron
ics a half mile below the sur
face and into the dank caverns 
of an abandoned iron mine? 
Iron's high density is one of 
the best shields for stopping all 
but the smallest particles of the 
physics world. The neutrinos, 
however, get through. 

The University began 
construction of the detector at 
the deepest level of the Soudan 
Mine in 1985. Mining there 
stopped back in 1962, when 
imported ore became cheaper, 
and now in place of skipjacks 
and Granby ore cars, a small 
portion of Soudan has a dizzy
ing array of wires, cables, 

Page 30 '" Minnesota Technolog 

Pushing the 
Frontiers of 

Particle Physics 
• tn 

Minnesota 
bv Chris Kasic, 

Teclmolog Staff Writ-er 

shielding, and detector in
nards. 

The detector sits under a 
half mile of rock to shield it 
from the showers of other 
particles received from outer 
space. When you're looking 
for a particle as small as the 
neutrino, you can't be too far 
underground. Since their mass 
is so minute, physicists have 
the best chance of finding 
neutrinos deep underground, 
where larger particles cannot 
easily penetrate. Imagine 
trying to hear a whispering 

drowned out by much louder 
noises. At midnight, chances 
are better you'll hear at least 
something. Similarly, search
ing for neutrinos deep under
ground, where few particles 
can eventually tunnel, is most 
likely to result in success. 

Neutrinos themselves 
result from collisions at high 
speeds. They can be produced 
by the sun (solar neutrinos), or 
remain as remnants of the Big 
Bang (cosmic ray neutrinos), or 
even be created in super
colliders. The essential differ
ence in such neutrinos is the 
measure of their energy, with 
cosmic ray neutrinos being the 
weakest, and supercollider
produced neutrinos the most 
energetic. The Soudan detector 
has the ability to detect all 
three. The only way to really 
detect them, however, is to 
watch for the energy they 
produce upon collision. The 
900-ton detector provides 
ample mass for such a colli
sion. Since neutrinos 



When you're 

looking for 

a particle as small as 

the neutrino, 

you can't be too far 

underground. 

interact essentially with mass, 
increasing target size, or more 
accurately, target mass, in
creases the likelihood of a 
strike. 

The detector itself is a 
conglomeration of 208 inter
connected modules. Each 
module is a honeycomb of 17 
mm. plastic tubes separated by 
steel plates. The tubes, which 
are filled with a mixture of 
Argon gas and carbon dioxide, 
serve as highways to transport 
the results of microscopic 
collisions with the steel plates. 
Incoming particles collide with 
iron nuclei inside the steel 
plates, and result in a shower 
of high-energy particles which 
then ionize the gas in the 
tubes. The ionization is re
corded by an array of electron
ics at either end of the tubes. 
These electronic receptacles 
pick up the signal and amplify 
it. A computer then receives a 
signal from the electronic 
array, denoting the exact time, 
place, and pattern of the colli
sion. This type of detector is 
also able to reconstruct a three
dimensional picture of the 
event within, and the resulting 
pattern of interaction among 

the particles is crucial to deter
mining their masses, among 
other things. In this case, mass 
translates into distance trav
eled within the resulting 
particle shower. 

What makes neutrinos so 
interesting is their supposed 
quirkiness. Neutrinos are 
nearly massless or may even 
be massless-no one knows for 
sure. Neutrinos are hard to 
catch, but far from rare. Tril
lions of neutrinos are pro
duced every day in the sun's 
thermonuclear oven, and the 
overwhelming majority pass 
through the earth without 
hitting a single atom. Of any
thing. Metaphors tend to pale 
in such situations, but winning 
the lottery on consecutive 
weeks is more likely than a 
single neutrino colliding with 
something on Earth. Millions 
go through our bodies every 
day, but don't worry-they're 
not harmful. It's only because 

of the sheer numbers of neutri
nos that we catch them striking 
anything at all. Particle physi
cists are gradually bettering 
the odds of catching more 
neutrinos, and placing a detec
tor where few other particles 
penetrate is one such strategy. 

The most profuse local 
source of neutrinos is the sun. 
The extreme temperatures 
inside the sun create a variety 
of ionized particles, which 
streak toward Earth con
stantly. Radiation from the 
sun and extra-solar radiation 
called cosmic rays buffet 
earth's upper atmosphere. 
Once a cosmic ray strikes 
something in the atmosphere, 
it creates a shower of high
energy particles. Some cosmic 
rays reach the detector in 
Minnesota. "Even with half a 
mile of bedrock, a cosmic ray 
manages to enter the detector 
about every four seconds," 
says Earl Peterson, University 

The Soudan neutrino detector 
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of Minnesota Professor in the 
School of Physics and As
tronomy. They're hoping to 
catch a few of the scores of 
neutrinos which pass through 
the detector. 

Neutrinos 

could be 

the sprites that 

account 

for the missing 

mass 

problem. 

How many of these neutri
nos ever leave a trace of inter
esting sub-microscopic colli
sions? About 40 per year. 
Peterson estimates 50% of the 
events detected are simply 
snakes, the physicists' whimsi
cal name for a false alarm. 
Particles that come in through 
the top and exit through the 
bottom of the detector/ such as 
muons, aren't really what 
particle physicists are after. A 
contained event, something 
which begins and ends in the 
detector and produces a spray 
of particles, says Peterson, is 
most likely to contain what the 
physicists are looking for. 

Peterson admits much of 
the searching is a matter of 
probabilities, and particle 
physicists know almost any 
collision or reaction comes 
with some probabilistic and 
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relativistic baggage. What that 
boils down to, says Peterson, is 
a matter of getting repeatable 
data. 

Some applications of the 
data from the Soudan Detector 
lie in the realm of cosmolo
gists' research. Physicists and 
astronomers have been trying 
to determine just what holds 
our universe together-with 
current detection limits, ac
cording to the latest theories, 
the universe doesn't have 
nearly enough mass to even 
hold itself together. Unless 
we're just not good enough at 
looking for small particles, we 
should be flying apart at the 
seams. Neutrinos could be the 
sprites that account for the 
missing mass problem. Given 
its ubiquity, even a neutrino 
with very small mass could 
account for the missing mass 
of the universe. Craig Bode, a 
Physics graduate student, 
combs through reams of data 
produced by the detector, 
hoping to pin the neutrino 
down as the ghostly mass
carrier of the universe. 

Other physicists, like Pro
fessor and Physics Department 
Head Marvin Marshak, use the 
data to try to prove that proton 
decay really does happen. 
Breaking a proton into its 
constituent parts hasn't yet 
been done, and is something 
that not all physicists agree 
can be done. A spontaneously 
decaying proton theoretically 
produces pure energy from 
mass. Marshak believes wit
nessing such a decay would 

mean the eventual disintegra
tion of all mass into energy. 
But don't hold your breath 
hoping the mass of parking 
tickets under your seat will 
burst into light anytime soon
cosmic time scales go by the 
billions of years. 

Other major projects use 
the detector to study cosmic 
ray events, magnetic mono
poles, and other intractable 
beasties of the particle physics 
world. 

Although you may not lose 
sleep wondering if anyone will 
ever see a magnetic monopole, 
physicists who study these 
particles are aiming at nothing 

"It's much 

eas1er 

to understand where 

you're going," 

says Marshak, 

"if you know 

where you came 

from." 

less than a more complete 
explanation of the origin of the 
universe. "It's much easier to 
understand where you're 
going," says Marshak, "if you 
know where you came from." 
Furthering Einstein's theory of 
relativity and gaining a better 
understanding of the interac
tions of rna tter and energy are 



some of the banners flying on 
the horizon. Some cosmolo
gists have long been speculat
ing on a "Theory of Every
thing," and particle physics 
will no doubt supply some 
crucial pieces to the puzzle. 

Some interesting projects 
lie in store for the Soudan 
Detector in the coming years. 
A project sponsored by the 
U.S. Department of Energy 
and Argonne National Labora
tory in Illinois may fire man-

made, high-energy neutrinos 
at the detector before the turn 
of the century. These neutri
nos are produced at much 
higher temperatures than the 
sun's core, and result in 
higher-energy, more "likely to 
be caught" neutrinos. Minne
sota physicists hope then to 
see proton decay in action, and 
perhaps even prove that the 
neutrino has mass, and is in 
fact the particle holding our 
universe together. 

Chris Kasic 

Sources: 
Personal Interview with Dr. 
Earl Peterson, Soudan, MN, 17 
Jul1993. 

Personal Interview with Craig 
Bode, 22 Jul1993. 

Personal Interviews with Dr. 
Marvin Marshak, 1 J ul 1993, 2 
Aug 1993. 

Chris is currently completing his Master's Degree in Scientific 
and Technical Communication in the Rhetoric Department. 
He recently moved to Minnesota from Ann Arbor, Michigan 
and Detroit Red Wing hockey, only to watch his second
favorite team, the North Stars, leave town. He is a technical 
writer at Fisher-Rosemount Systems in Burnsville. 
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in the 

by Robert Subiaga, Jr., Techno log Staff Writer 

ne can scarcely avoid mention of Chaos 
Theory nowadays. In Jurassic Park, for ex

ample, Jeff Goldblum plays a prophetic math
ematician with an expertise in it. Behind it, many 
experts claim, lies a scientific revolution on par 
with relativity, quantum theory, or the cracking 
of the genetic code. And as Chaos Theory tech
niques become more widespread, researchers 
here at the University of Minnesota use them to 
solve problems once thought insoluble. Yet many 
people still find themselves asking "What is 
Chaos Theory?" 

Simplified, three of Chaos Theory's big tenets 
are: one: A system of any kind, with three or 
more variables, no matter how smalt is never 
truly predictable except in a temporary and/ or 
qualitative way. Two: Any orderly system has 
inherent instabilities, and always has the capabil
ity of breaking down into chaos from even minor 
disturbances. Three: In any open thermodynamic 
system-which means any system smaller than 
the entire universe-chaos has the ability to 
spontaneously generate order. 

Described in its formal sense, Chaos Theory is 
the study of non-linear dynamics. Dynamics is 
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itself the study of changing systems, and 
quite self-explanatory-until one realizes that 
almost all of the dynamics studied with 
physical science up until now are either 
linear, or linear approximations. Simply put, 
they are the equations with easy answers. 
Those of you familiar with calculus will 
understand how this idea works; when differ
entiating a curve, the idea is to envision the 
curve as an !'imperfect" thing, an infinite 
collection of idealized, perfect straight lines. 
Discoveries like calculus made a host of these 
problems workable, and suddenly physics 
seemed to hold the promise of reducing 
everything to a machine-like description of 
causes and effects in a Newtonian clockwork 
universe. Quantum theory put unpredict
ability back into nature. But quantum events 
can be statistically averaged out, so statisti
cally adjusted determinism still allowed no 
room for free will, and verbal and artistic 
communication still seemed only temporary 
necessities. They could be eliminated by logic 
and mathematics when humans possessed 
enough knowledge. 



Everyone forgot that very little of natural 
phenomena had been successfully linearized. 
Despite developing a reputation for a search for 
ultimate truths, physics simply ignored prob
lems it could not yet solve, and rested in the 
assumption that if and when a powerful 
enough computer existed it would be able to 
conquer these phenomena. Instead, with the 
advent of such supercomputers, a few pioneers 
decided to stop treating non-linear equations as 
imperfect copies. Evidence started to emerge 
that the world itself is non-linear. Humans' 
success with linearizing had made them forget 
they had only become lucky with a special case 
of nature. 

Chaos was different. To picture it better, 
let's take a journey through phase-space. 

To understand phase space, first contrast it 
with "regular" space, which graphs given 
points in space or space-time on separate axes. 
The actual variables of the system (momentum 
for example) that cause its behavior are not 
directly represented. To solve problems in 
regular space, one of two methods are used. 

We might graph an idealized equation or set of 
equations, and see if our experimental system 
follows the behavior we predict. Or we might 
plot the behavior of a system, hoping we have 
held constant all but one or a few variables, and 
then try to fit the plot to a curve. Both pro
cesses are linear methods. "Regular" space 
says nothing about the actual forces causing a 
system to act as it does. This is not a problem 
when the forces and variables involved "be
have" and lend themselves to prediction and 
analysis. But in Chaos Theory one finds that 
"near-perfect" predictions are far from perfect 
and, conversely, systems that map as a hopeless 
jumble of points in such space might be cha
otic-looking but are not necessarily random! 

Phase space works by plotting all the vari
ables directly against one another. Another way 
to think of it is that a point in phase space is a 
shorthand for the state of an entire system in 
space and time. A system with no real dynam
ics, and so at rest, is easy to picture as being 
"at" a single point. But what about something 
moving, like a pendulum? In the real world the 
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forces on a pendulum eventually bring it to 
rest. This means that its behavior in phase 
space, no matter how it starts out, will spiral 
into that single point we just described for a 
system at rest. Such a point is called an 
attractor. 

Things start to 
become stranger as 
we realize that a 
system can have 
more than one 
attractor. One 
example is a typical 
predator-prey cycle 
in nature. The 
natural evolution
ary forces on each 
population will 
drive it toward a 
maximum. But if 
one population is 
too successful (the predators, for instance) it 
will affect the other population in a way that 
brings it back down (killing too many prey 
animals reduces the food supply/ predators 
starve, and their numbers come back down). 
Since each of the variables holds an upper hand 
against another, there is no way for the system 
to quickly settle 
into one rest state. 
Minus some major 
change in such a 
system (like intro
ducing a new 
variable), it will 
continue to oscil
late. Such a cycle is 
called a limit cycle, 
and it takes as 
many-dimensional 
a phase space to 
describe it as there 
are variables-and 
attractors. The cycle, however, can be perfectly 
predictable. 

When two or more limit cycles become 
"fastened" to each other, however, the 
attractors in phase space take on an even more 
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bizarre look. Now they cease to be points, but 
become a torus, a doughnut-shaped object. The 
system's variables cycle in such a way so that 
their values follow the surface of the torus. 
This is the only "rule," however-and there are 

infinitely many values 
to follow on this sur
face, without ever 
repeating the exact 
same path twice! To 
visualize one form of 
this in "regular" space, 
imagine drawing a 
figure-eight pattern on a 
piece of paper, but 
never actually retracing 
a previous path of the 
pen. This is called 
quasi-periodicity. The 
system tends to act in 
the same way in similar 

situations, but it never behaves exactly the 
same way twice. Like a living personality that 
is qualitatively predictable, the system nonethe
less exhibits a "free will" on the small scale. 
While this is not Chaos quite yet, it is its close 
cousin. 

Yet already this has immense implica-
tions for our whole 
conceptual framework 
of engineering, science 
and philosophy. Inani
mate matter is not as 
predictable as we 
would like to assume; 
and by incorporating 
unpredictability in its 
own behavior, a living 
thing responds far more 
successfully to an un
predictable world than 
almost all present 
control-systems tech

nologies. Rather than eliminating "mistakes," 
as most engineering solutions still do, the key 
seems to be "roll with the punches" and adapt 
by learning from mistakes. Nervous systems, 
in their dynamics, are in many ways just 



souped-up versions of these same processes, 
with the capability to act and learn much faster 
than metabolic or genetic mechanisms. Con
trast this with digital computers, which are 
designed to steadfastly resist glitches and 
display perfectly linear and predictable dynam
ics-but which "crash" so easily when errors do 
occur. 

One might assume that since a three-dimen
sional torus in phase 
space describes 
coupled two-variable 
oscillators, all we 
have to do is keep 
increasing the di
mensions of our 
phase space to in
clude more dimen
sions. But something 
else happens. The 
torus itself becomes 
unstable, and starts 
to break apart, enter
ing a space of
believe it or not-fractional dimension! It is 
the equations of fractional dimensional phase 
space that generate the beautiful, infintely 
complex images known as fractals, and the 
bizarre behavior encountered now makes 
Chaos Theorists refer to the breaking-up torus 
attractor as a strange attractor. 

Describing the natural breakup of order into 
turbulence has long been very difficult. As few 
as three variables can elicit such a breakup. The 
third variable need not be large; instead, a little 
disturbance at just the right critical point can 

Robert Subiaga, Jr. 

make all the difference. Picture a system that is 
very unstable: its attractor(s) are on the verge of 
"snapping," of changing their type or shape. 
Unlike quantum theory or relativity, the stakes 
of unpredictability in Chaos Theory impact our 
everyday lives. But Chaos Theory is not a 
picture of the world where nothing makes 
sense. Even horrendously complex systems can 
often easily be described qualitatively. Even 

when order breaks 
down to chaos, the 
seeds of new order are 
present. Where a 
quasi-periodic system 
displays global regu
larity and specific 
points of 
unpredictability, 
globally chaotic sys
tems form intricate 
orders. Life, far from 
being an accident, is 
an imperative. 

The thrust of Chaos 
Theory techniques, so highly mathematical yet 
so unwaveringly qualitative, seems paradoxi
cal. But by giving up never-realized claims 
that it can find Ultimate Knowledge in prin
ciple, humanity holds the promise of finding 
incredible vistas of understanding, in practice. 
As Jeff Goldblum's character says in "Jurassic 
Park," "Life will find a way ... Life always 
finds a way ... " If physical science and tech
nology are to advance, they will by learning the 
techniques of the beautiful and the organic, 
rather than explaining them away. 

Budding chaositician Robert Subiaga, Jr. got his B.A. in Physiol
ogy in 1988 and subsequently did graduate study in Philosophy. 
He's now an extension student and Neurology Research Techni
cian. When he's not creating computer graphics he provides 
illustrations for Technolog. 
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Mechanical Engineering 
Industrial Engineering 

Division 
Ph.D, Industrial Engineering, 

University of Illinois 

Professor Dooley is curious about how people 
become systems thinkers. Dooley has a variety 
of interests which he actively integrates. "I like 
my music on the edge of chaos," he admits. 

• • 

Dooley applies both engineering and manage
ment principles in his specialty of quality 
control. It is a field long driven by statistical 
methods. Dooley is"looking for deeper roots to 
'chance' and statistics" and had taugbt himself 
quantum theory all over again in vain, when a 
graduate student introduced him to James 
Gleick's seminal book, Chaos. Dooley seeks to 
overhaul the statistical toolkit, which can prove 
weak when dealing with non-linear phenom
ena. 

Statistics compares a system's "noise" with its 
linear model in making predictions. But what if 
background "noise" is really composed of 
subtle, pervasive non-linearities? The system 
may be sensitive to initial conditions, but very 
flexible to a wide range of real-world problems 
once it is qualitatively understood. (As Dooley 
says, "robustness and adaptability tend to be 
contrasting qualities.") Conversely, statistical 
methods cannot reveal lurking points instabil
ity in systems behaving linearly. This can leave 
a "theoretically perfect system' vulnerable to 
unexpected catastrophe, and those running it 
far too overconfident to respond effectively. 
(Anyone remember Three Mile Island?) 

Dooley works with the Chaos Network, an 
organization of Chaos Theorists primarily 
concerned with applications to social systems 
and understanding organizational change 
"Many of my original questions remain unan
swered," Dooley says, but one has the impres
sion that in the process of shaking the 
Newtonian foundation he is discovering 
enough to keep him excited for a long time. 
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DAVID SCHUPE 
Continuing Education 

and Extension 
Ph.D, Religion & Culture 

"The element of Chaos in learning is inquiry," 
Schupe will tell you, emphasizing that the most 
intelligent, adaptive systems in the world self
organize. Such order emerges organically from 
the bottom up. But most education remains 
curriculum-based instead of inquiry-based, 
trying to force order from the top down. Most 
interpersonal, social, political, and spiritual 
systems also tend to mistake the process of 
causing order to emerge from chaos for a value
judgement that order is "good" and chaos 
"bad." 

Given this, the importance of Chaos Theory's 
implications for the liberal arts and social 
sciences is immense. Yet, as far as applications 
of science to the humanities goes, Chaos 
Theory still lags behind the use of esoterica 
from quantum theory and relativity. 

In the process of creating a 5xxx-level, three
quarter Extenson class series on interdiscipli
nary studies in Chaos Theory, Schupe needs a 
good cross-section of faculty to get university 
approval. He is having no trouble finding 
interest among science professors, but few are 
coming forward in the liberal arts. This is 
especially true in Career Education, which 
Schupe views as a field where the principles of 
non-linearity most need application. Sdiupe is, 
however, teaching an Extension course that 
focuses on chaos and order, through Cultural 
Studies and Comparative Literature. 



TAYFUN TEZDUYAR 
Aerospace Engineering 

and Mechanics 
Minnesota Supercomputer 

Institute & Army High
Performance Computing 

Research Center Ph.D, 
Mechanical Engineering, Cal-Tech 

Originally from Turkey, Professor Tezduyar 
has "become one of the most effective modellers 
of fluid mechanics in the United States. The 
new standards for supercomputing are Connec
tion Machines (CMs)built by Thinking Ma
chines Corp. They use computer processors 
arrayed in massive parallel banks to simulta
neously address miilions of equations. The 
Tezduyar Group was the first in the country to 
perform practical computations on the CM-5 
outside of the company. 

Parallel processing itself has innumerable 
conceptual connections to Chaos Theory, but it 
is the raw power of Connection Machines that 
make them necessary to Professor Tezduyar. 
To properly compute his models of fluid flow, 
he requires three iteration loops (feedback 
modelling) that dramatically increase the com
putational complexity. The systems he models 
appear simple-tanks of water being moved 
vertically or horizontally, cables buffeted by 
winds, wings moving through air, high-speed 

For Further Reading: 

trains through tunnels, or submarines through 
water. But it is a truth about non-linearity that 
it can become overwhelming with as few as 
three variables, which are extremely simple 
systems! Archaic methods of analysis might 
once have solved half an equation for fluid flow 
around a symmetrical object and then assumed 
the other side is identical. But it would fail to 
show that under certain conditions wakes could 
break symmetry on one side and deadly turbu
lence erupt 

Tezduyar has not encountered resistence to 
non-linearity in his field. "Maybe in chemical 
engineering or something they can get away 
with lineanzing flow equations," Tezduyar 
said, "but all flows with reasonable speed in 
practical ranges are non-linear and ... cannot 
be simplified under assumptions of linearity." 
Thus, unlike quantum theory or relativity, 
Chaos Theory is a revolution as easily visible in 
everyday life as in its philosophical boundaries. 

Briggs, John & Peat, F. David. Turbulent Mirror, Perennial Library, Harper and Row, 1989. 
Briggs & Peat. The Looking-Glass Universe, Simon & Schuster, 1984. 
Campbell, Jeremy. The Improbable Machine, Touchstone, Simon & Schuster, 1989. 
Edelman, Gerald (Nobel Laureate), Bright Air, Brilliant Fire, Basic Books, 1989. 
Fox, Ronald. Energy & the Evolution of Life, W.H. Freeman & Company, 1988. 
Gleick, James. Chaos, Viking, 1987. 
Jantsch, Erich. The Self-Organizing Universe, Pergamon, 1980. 
Kosko, Bart. Fuzzy Thinking, Hyperion, 1993. 
Penrose, Roger. The Emperor's New Mind, Penguin, 1989. 
Prigogine, Ilya. (Nobel Laureate). Order Out of Chaos, Bantam New Age Books, 1984. 
Prigogine, Hya. From Being to Becoming, W.H. Freeman, 1980. 
Ruelle, David. Chance & Chaos, Princeton University Press, 1991. 
Schroeder, Manfred. Fractals, Chaos & Power Laws, W.H. Freeman & Company, 1991. 
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iilrdem•ested bm "Tt"iting for" Tet~hnolt~g? 
- --

Contact Corinna Nelson, Editor, 
at 624-9816 or drop a note by 

5 Lind HalL 

1 I.T. students are welcome to contribute! 

Tecl-u- Cen-tral Inc~ 
Contract Engineering. CAD Services and Training 

AUTOCAD TRAINING 
921-3380 

DON'T GRADUATE FROM LT. WITI:IOUT AUTOCAD -
11-J:E MOST POPUIAR CAD SOF1WARE. 

Flexible scheduling for students needs - rt'c>.sonable rates 

7101 York Av. S., Edina MN 55435 (612)921-3380 FAX (612)921-3282 

Invest in your future ...... 
explore an engineering 

career with Cargill 

Cargill is a privately held international agricultural and 
industrial processing company. Our businesses range 
from commodity merchandising to poultry and beef 
processing, and from flour and steel mills to feed, 
seed and fertilizer sales. 

We offer entry-level positions to chemical and mech
:mical engineers that blend engineering expertise, 
production management and supervision. Our engi
neers become managers of production departments 
or engineering projects, with opportunities to become 
operations managers of production facilities. 

If you would like to learn more about engineering 
opportunities at Cargill, contact: 

Jerma Anderson #63 
Cargill Incorporated 
P.O. Box 9300 
Minneapolis, Minn. 55440 

Cargill is an Equal Opportunily Employer 

BOYNTON HEALTH SERVICE 

Specializing In: 

® General Medical Services 
® Women's Health Care 

$Eye Care 
@Mental Health Care 

@I Diet and Nutrition Services 
® Dental Services 

® Health Education 
®Chemical-use-and-abuse Counseling 

®Travelers' Immunizations 
@I Pharmacy Services 

@ Confidential HIV Testing and 
Counseling 

® Well-child Care 

Minneapolis Campus 
Boynton Health Service 
410 Church Street SE 
825-8400 

St. Paul Campus 
l 09-lll Coffey Hall 
1420 Eckles Avenue 
624-7700 

The 1993 I. T. 

CAREER FAIR 

Start your job search now. 

Make contact with representatives 
from over forty companies. 

Don't miss this chance! 

LT.'S YOUR 
FUTURE 

Wednesday, October 6 
in the Commons area 

EE I CSci Building 

Sponsored by SWE and HKN 
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The National Competition 

for Student Inventions 
Di . I 

• 
The NaNonal Invention Center and 7J;e BFGoodricl; Company are seeking graduate and undergraduate 
students to compete in the 1994 BFGoodrich Collegiate Inventors Program. 

Entry deadline is February 15, 1994. 

Thousands of dollars in cash prizes are awarded. The competition recognizes and rewards U.S. 
college and universi~v students whose innovations and dz~--coveries are deemed tbe year's ;nost outstanding. 
Up to tbree entries receive top prizes of $5000 each. The advisor to each winning entry receives $2500. 
Undergraduate entries are eligible for special awards. Up to three student winners in tbis categoJ:V receive 
$1000. advisors receive $500. 

Call now for details and an application - Contact RoseL. Heintz, Program Directot; National 
Invention Centet; Akron, Ohio. 

1-800-968-4332 
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9 Lights! f:anmtl!J.m•a! I\lgtn•itlutm! 
Put together University Geometry Center staff and local 
high school teachers and what do you get? Math-based 
video special effects. 

12 St~it.,tlt~e t~ll!l the Big St~l"tilen: 
..:\ Dist~ussiorm of Jmn•asst~ .. Ethit~s 

12 Sure, those T-Rexs scared you. But real-life genetic engineering 

'l8 

'DepaH"lHHNenNts 
Editorial _______ Page 2 
:1appenings Page 4 
'e:rspectives Page 5 
)ive:rsions Page 27 

E. 'm·a·«>~•tm«»H 
A photo in the fall one issue of Techno log was 
incorrectly credited. The page 24 photo of Dr. Wei
S/wu Hu, Dr. Scott Nyberg and their fellow research
ers was taken by Kari Shuda. 

may be stranger than fiction ... 

l:i The Tet~htmology Hebhmd tbe (~lfilalllil 
You might love the Weisman Art Museum, or you might hate it. 
But whatever your opinion, you'll agree its construction was a 
unique engineering challenge. 

18 Harnessing Music~ at the (~oul!lputtl!Jr 
Composers have played computer music for years. Now, people 
may be able to learn to read music at the computer also 
--and save a bundle on music publishing as well. 

22 Tbe Toast td tbe Video llevolutiou 
George Lucas, look out. This emerging technology may enable 
individual videographers to produce effects of amazing 
sophistication. 

24 ln.terat~tive .. t\ge: How t'qiber Optics May 
t~han.ge Our Lives 
Information is already rocketing through phone and cable lines. 
University associate professor Jim Leger is researching ways to 
make it move even more efficiently. 

Frank Gehry's controversial design for 
the Weisman Art Museum generated 
discussion all over campus. Photo by 
Charles Walbridge. 



EDITORIAL 

Infot~ntation is Pow-er~u~~ 
For the e'W? 

I n the time it takes a reader to scan 
this editorial, many more miles of 

fiber-optic cable will have been 
installed. Farther away, software 
mogul Bill Gates will be putting the 
finishing touches on his futuristic 
home, in between making business 
arrangements with entertainment 
and communications companies. 
These individual media/business 
events are harbingers of the huge 
consequences, good and bad, of 
emerging entertainment and commu
nications media technology. IT 
technophiles may play a key role in 
determining who will have access to 
the incredible amount of power and 
information unleashed by these 
technologies. 

The benefits of the "information 
superhighway/' delivered either by 
cable or phone companies, seem 
obvious: How can a person have too 
much information? Feeling over
whelmed by data? Hire or hook up 
an "intelligent agent" -an electronic 
editor preprogrammed by the user-
to sort through it alL Siblings driving 
you nuts? Hook 'em up to children's 
books on CD-ROM-they'll stay 
entertained. 

Or will they just become more 
sophisticated sofa spuds? 

The electronic stew of video, 
audio, TV, computer and phone lines 
makes information increasingly 
available to those who aren't hackers 
or cyberpunks. The volume and ease 
of access to mega-information has 
tremendous positive potential: 

.. Existing networks, such as 
Internet, will theoretically become 
available to more people. This may 
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by Corinna Nelson, Editor in Chief 

empower people who are now 
information-poor. 

.. International boundaries may 
become increasingly meaningless. 
Pen pals 12,000 miles away will be all 
but fleshed out when they can send 
video and audio along with their e
maiL And war victims may defuse 
hostilities by putting human faces on 
conflicts if they can plead, 
videomatically, for an end to the 
fighting. 

ENGINEERS 

AND SCIENTISTS 

ARE 

THE ARCHITECTS 

OF THE 

INFORMATION 

SUPERHIGHWAY. 

., People with different learning 
styles-and with differing access to 
schools and work places-will 
benefit. Prison inmates, people with 
disabilities and adult learners are 
already benefiting from the privacy 
and endless patience of computer
ized lesson plans. And studies show 
that everyone learns better if their 
learning is reinforced visually, 
aurally and physically. 

.. Medical residents will have 
fewer surprises during early rota
tions if they've already done "sur
gery" on a computer screen which 
talks them through a 3-D procedure 
from multiple angles. 

.,The multiplicity of channels may 
mean filmmakers will have more 
venues for their work. It may also 
break the stranglehold that current 

production values have on the work 
produced. Hollywood has deter
mined that movies with as little 
dialogue as possible--and an over
emphasis on effects for their own 
sake--are most profitable, and neglect 
interests of whole segments of the 
American film-going community. 
New video technologies may help 
filmmakers create movies on a strict 
budget, giving individual writers 
more power and autonomy. 

But then there's the potential 
down side. Let's say someone flicks 
on his or her Simple Electronic 
Filtering Tool to wade through all 
that pesky data and pre-programs it 
to separate and deliver only the stuff 
that's really important: a mix of shoe 
sale prices, badminton scores and 
dialogue from Bela Lugosi movies. Is 
this an informed citizen? Of course, 
for centuries some people have been 
ignoring the key events of their time. 
But fiber optics and Integrated 
Services Digital Network (ISDN) 
technology-which increases phone 
line bandwidth, allowing much more 
data to pass through phone lines
may overwhelm people. They might 
give up and let electronic 
gatekeepers filter out everything but 
the most easy-to-digest information. 

Newspaper editors quiver at the 
prospect of electronic readers 
jumping ship and designing their 
own publications from stories stored 
electronically, abandoning paper. 
Although a paper-free future may 
cheer environmentalists, it does 
remove one source of potential 
community-the group of persons 
with access to similar information 



contained in a given newspaper. 
Entirely self-designed information 
"edits" may so atomize people who 
are dependent on computers for their 
information that they will lack any 
basis for shared conversation with 
persons not in their particular 
electronic group. 

Access is a loaded issue in the 
fiber-optic age. In the '90s, informa
tion is knowledge and therefore 
power. If the information stored 
electronically is based on a fee-for
use, the information gap between 
rich and poor may become too large 
to bridge. 

In addition, the very technology 

which may enable independent 
producers to create films and videos 
may also concentrate power in the 
hands of companies which produce 
the technology. 

The blurring of distinctions 
between the computer, communica
tion and entertainment industries 
may increase the promotional tie-ins 
we're now forced to sit through at 
the movies-and sometimes endure 
during the movies themselves, as 
illustrated in "Jurassic Park" 

Engineers and scientists are the 
architects of the information super
highway and the managers of the 
computer technology which increas
ingly is being used to create films 
and art forms. As such, they need to 

make sure the highway has plenty of 
on and off ramps- that the informa
tion which rockets down it can be 
accessed by everyone. IT students 
can have fun with the new technol
ogy while doing their part to make 
sure people with less information can 
get on a more equal footing with 
those who have more by: 

" working to create community 
"interactive technology" access 
similar to community cable; 

"creating less-expensive clones so 
people with fewer resources can get 
in on the revolution; 

"organizing electronic video and 
film distribution networks so inde-

pendent producers can bypass media 
conglomerates and get their work 
directly to the people who want or 
need it; 

"volunteering their time and 
expertise to teach those who are less 
technology-literate the basics of the 
new entertainment technologies; 

"lobbying governments for 
continued wide access to these 
technologies. 

People who have access to 
information and hoard it are not only 
acting unethically, they are losing the 
power gained through networking. 
Sharing information and increasing 
access to it enriches everyone. •!• 
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HAPPENINGS 

• IDOrS IT Majors/Managetnent 
Develop a orld of ills 

I magine that your dream is to design and market an 
invention which would save lives, speed up informa

tion processing or simply satisfy your taste for entrepre-
neurship. Previously, IT majors with such dreams could 
rely on their own know-how to start companies after 
graduation, patch together coursework or even-perish 
the thought-go on for M.B.A.s. Now there is another 
option. 

Business-minded IT majors can now minor in manage
ment through the Carlson School, in a program organized 
by the Center for Development of Technological Leader
ship. 

Claudine Wullur, a Chemical Engineering and Materi
als Science senior, is using the minor to pursue her interest 
in medical technology. Wullur says that only the rich in 
her home country of Indonesia can afford high-tech op
erations such as open-heart surgeries. She hopes to com
bine understanding of the vagaries of markets, patents 
and her engineering field to create lower-cost technolo
gies which will enable more Indonesians who need sur
gery to get it. Before returning home, she hopes to com
plete an M.B.A. Wuller is now working with a professor 
on a project involving blood oxygenators. 

Since spring 1992, 186 IT students have been admitted 
to the minor. Mechanical Engineering is most frequently 
represented, but students in many other engineering and 
hard science majors have also entered. •:• 

If you are interested in applying, the deadline for spring 
admission is Jan. 15. Contact Derek Maness at the Carlson 
School (624-3313) or Pauline Sargent at the CDTL (624-
57 47) for more information. 
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PERSPECTIVES 

• 
• 
• 

he Future 
~ 

IS 

0 
by Jeffrey Volk of Alpha Video 

I n movie theaters all across the world this summer, Steven Spielberg's 
dinosaurs terrorized millions. This exciting project typifies a phenom

ena that is sweeping the video and film world. 
From the blockbuster "Jurassic Park" to the current NBC series 

"seaQuest DSV," producers are turning to desktop video--the marriage of 
computer and video technology--to create special effects never before 
available. 

In recent years, as competition heated up for viewer dollars, producers 
and directors turned to very expensive special effects to grab our attention 
and interest. Now, using advances made in 3-D animation computer 
technology, those same producers have turned to desktop video for more 
cost-effective special effects . 

For example, the special effects used in the movie "The Return of the 
Jedi" cost tens of millions of dollars and required numerous model 
makers, artists, cameramen and other assorted technicians, not to mention 
the significant investment made in equipment. The finished result was 
visually appealing, but not very economical. 

By contrast, the entire special effects budget for the recent television 
movie "Babylon 5" was only $250,000. The three-to-five-person effects 
team created 80 shots for the project using desktop Commodore Amiga 
computers, and the $2,500 Video Toaster. The result: a show with strong 
visual impact, produced in a cost-effective manner, which allowed the 
producers to come in under budget. 

The broadcasting and film worlds are not the only industries benefiting 
from this new technology. Conservative estimates are that by 1995 there 
will be over 300,000 facilities incorporating desktop video in some man
ner. 

The applications are unbounded. Schools, universities and corpora
tions are doing their own internal television and media projects. To a 
large degree all of these applications used to be farmed out to production 
companies. Now people have found that they can purchase their own 
desktop video equipment. Professionals such as lawyers and architects 
use desktop video equipment for video depositions and simulated 
building walk-throughs. Teams like the Atlanta Braves use integrated 
desktop video systems to drive scoreboards and monitors at Atlanta
Fulton County Stadium. A similar system will be used at the University 
of Minnesota's new Mariucci Arena. 

Perhaps the most intriguing market of all belongs to the independent 
producers and professional videographers. It is estimated that over 
110,000 of these video professionals will offer their services after 1995. 
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For these producers, who edit everything from wedding 
tapes to rock videos, the real opportunities for this 
market are just around the corner when 500 channel 
cable systems and Direct Broadcast Satellite television 
systems tum from myth to 
reality. 

and artistic flair to succeed, as well as some technical 
knowledge of video and business. However, those 
producers and editors who possess the necessary skills 
and desire will be needed by entertainment corporations 

in Hollywood and else
where and in non-entertain

This increase in available 
airtime could offer endless We live in a society ment-related markets as 

they continue to accept and 
realize what a powerful 
tool desktop video can be. 

possibilities to independent 
producers. Specific interest 
shows, sports and entertain
ment programs can all be 
produced using these desk
top video tools. And as with 
any technology, the price and 
performance barriers of all the 
products continue to fall. 
Already, equipment pur-
chased five years ago which 
cost over $500,000 can now be 
effectively replaced for 
$50,000 or less. The lower cost 
of desktop video editing 
equipment, coupled with the 
fact that over 10 million 
Americans own a camcorder, 

obsessed 

with visual mediums, 

none 

more than film 

and video .. 

We live in a society 
obsessed with visual 
mediums, none more than 
film and video. The 
emergence of desktop 
video technology not only 
continues to improve those 
products, but also affords 
more and more companies, 
schools and individuals the 
opportunity to capitalize on 
these exciting new ad
vances. From an editor at 
Universal Studios, to the 
audio/visual director of a 
corporate video depart

make the potential for growth in the independent pro
duction arena even greater. 

Despite these facts, not everyone is cut out to produce 
videos. Having the tools to make great videos is not 
enough. One must still possess a bit of creative ability 

ment, to the independent producer who makes high 
school video yearbooks--desktop video products and 
technology have become indispensable tools .... and the 
future looks even brighter. •!• 
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1992 June 5~ 
CoJnJneneement _peeeh 

by Marcella Diana-Fo:rest Jones 

Editor's note: Technolog traditionally 
prints the commencement address 

for the preceding year. 
The 1992-93 Technolog did not print the 1992 address. 

I thank my Lord and Savior Jesus Christ for allowing 
me to be here. I am honored at the opportunity to 

address you this evening. 
I would like to offer my sincere congratulations to 

each of you. Our accomplishment, for which cause we 
have come to celebrate, is indeed a great and noteworthy 
one. 

The attainment of this goal we celebrate today is a 
ticket of great privilege and tremendous responsibility. 
God holds each one of us responsible for the education 
we have been privileged to attain, and I would like to 
challenge you to live up to this responsibility. 

I wish I could stand before you today and speak only 
of pleasantries and niceties, but the condition of our 
world prevents me from doing so. I would like to warn 
you of a perilous condition which may consume your 
very being if you are unaware of its deadly symptoms. 

The emergence of a kind of "pseudo-poverty" in our 
society has been one of the primary causes of our nation's 
decline. Usually we define the state of poverty as a lack 
of the physical needs of life. There exists in our midst 
those who are impoverished by a self-imposed decision 
not to love. This kind of poverty requires a unique and 
peculiar solution. Money and material goods can solve 
the plight of those who lack material wealth, but they 
have no effect on the plight of the pseudo-poor. 

We are well acquainted with the profile of the finan
cially poor. Let us examine some of the traits of those 
who would be categorized as pseudo-poor. 

This person has a selfish outlook on life. The only 
thing that matters to this impoverished soul is the 
promotion of self and self-interests. There is a lack of 
comprehension concerning the need to help someone 
else, unless of course there is some self-benefit to be 
received. 

This person lacks integrity. There are no rules as this 
person seeks to gain whatever his heart desires. He 
won't do anything unless you pay him, and will do 
anything if you pay him. He will crush anything and 
anyone who steps in his path. Cheating and lying are his 
most dependable resources. 

This unfortunate being is quick to hate and prejudge. 
Financial and educational status are the measurements 
that determine if someone else is important and worthy 
of attention. Those who are different in ethnicity, reli
gious ideas or political views are considered worthless. 

He is determined to waste none of his time or energy 
on those who are not obviously talented or gifted. 

He has an insatiable craving for power. 
His insensitivity will amaze you. The dilemma of 

someone else is no problem of his. 
"As long as they don't bother me, I don't care," he 

says. 
He blames those who are the victims of a cruel and 

vicious society. He prides himself on how he has made it 
on his own. He's quick to let you know he has pulled 
himself up by his own bootstraps. 

His religion is a false one. He uses it to condemn and 
to support his hateful attitudes. You may find him in the 
place of worship regularly, yet God is far from him. 

He believes he can do anything he desires and that 
having fun is the purpose of life. It would spoil his 
pleasure to face the fact that multitudes are suffering and 
need to be helped, and that he is one of the ones who can 
aid those in need. 

His cold and cutting remarks are one of his most 
obvious traits. He's glad that he's so blunt and doesn't 
bite his tongue. He finds pleasure in cruelty and 
thoughtlessness. 

He is obsessed with the physical. If it doesn't look 
good, don't show it to him, for he is not interested in 
anything that might be ugly or unsightly. 

His head is buried in the sand. He ignores the plight 
of the poor. He has easy, simple answers for the difficult, 
perplexing tragedies of life. 

The pseudo-poor have aided our nation's self-destruc
tion. He permeates every facet of society. He lives in the 
most unsightly ghetto and in the most luxurious neigh
borhoods. He resembles your next door neighbor, your 
co-worker, your relative, and God forbid, may even look 
just like you. 

There is no program that President Bush and his 

November/December 1993 ., Page 7 



administration cut to worsen this man's condition. He is 
pseudo-poor because it is a false poverty. He can escape 
his condition any time he desires. Those who are truly 
poor are held captive and do not possess the ability or 
power to self-liberate. The pseudo-poor weaves his own 
web of poverty and only he can tear the web down. He 
must choose to love, for love is an act of the will. He 
must decide that he will become concerned and inter
ested in the poor. Only he can begin to disintegrate his 
selfishness, bigotry and close-mindedness by acknowl
edging the existence of such traits and developing 
understanding of those different from himself. He must 
discipline himself to exercise benevolence. Only he can 
decide to use his gifts and talents to make the world a 

better place and to better the plight of the unfortunate. 
I urge you to take every precaution to guard against 

the destructive condition of pseudo-poverty. You are 
your own form of protection. 

The wise author of the biblical book of Proverbs 
informs us that: 

"He who gives to the poor will lack nothing, but he 
who doses his eyes to them receives many curses" 
(Proverbs 28:27). 

Pseudo-poverty is a debilitating condition which robs 
its victims of their usefulness and destroys their ability to 
contribute to society. Beware, lest you become its next 
victim.•!• 
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student at the U of M. As an undergraduate, she was a member of 
numerous academic societies and helped form a Minnesota chapter of 
the National Society of Black Engineers. She received scholarships from 
the National Science Foundation, Cargill and others. 

IF YOU'RE TIIINKING 
SCIENCE OR 

ENGINEERING, TIIINK 
AIR FORCE ROTC. 

College is where your edu
cation in science or engineering 

reaches new heights. 
Air Force ROTC can take that education 

even higher - into satellite, laser or other 
technologies that become the focus of your 

career upon graduation. You may also qualify for 
two- through four-year scholarships that help defray your 
college costs and provide you with $100 each academic 
month tax-free. 

If you're thinking technology, think Air Force 
ROTC. Call 

Dept of Aerospace Studies 
(612) 626-2279 

Leadership Excellence Starts Here 



FEATURES 

LIGHTS! 
CAM RA! 

V hich came first, the art or the technology? In film 
history, the question became forever moot in 1877 

when photographer Eadweard Muybridge lined up 24 
wet-plate cameras side by side 
to settle a wager over whether 
all four feet of a galloping horse 

LGORITDM! 
by Brian DeVore 

Guldberg said by the end of the two weeks she was 
able to take some pre-designed computer characters and 
speed up their walking, add a bird flying overhead or 

insert a sun rising and setting. She 
and the other participants also 
changed the shapes of spheres and 

leave the ground. Muybridge 
modified his equipment to make 
it do unusual things. Similarly, 
mathematicians are using 
geometry to modify 20th 
century equipment-computers 

"As you study 
cubes they designed on the 
computer. 

math and art 
This is the third year the center, 

which is funded by the National 
Science Foundation, the U.S. 
Department of Energy, Minnesota 
Technology, Inc. and the Univer
sity, has offered summer courses 
to high school teachers on imagi
native ways to present math. 
Center staff members regularly 
turn the abstract mathematical 

in this case-to create increas
ingly complex images. 

Thirty high school mathemat
ics teachers mixed geometry 
and entertainment last summer 
at the University of Minnesota 
Geometry Center's "Geometry 
and the Imagination: Computa
tion, Visualization and Graph
ics." According to Tamara 
Munzner and Stuart Levy, 
senior technical staff members 

together 

you will see 

a lot of parallels/' 
concepts of researchers into 
videotaped pictures using graph
ics work stations. 

*Nancy Guldberg 
Pat Hanrahan, a course instruc

tor and an associate professor of 
computer science at Princeton, 
said the faculty tried to show the 
high school teachers how today's 

of the center, the class was 
intended to link basic high 
school geometry with film and television computer 
graphics. 

Participant Nancy Guldberg said that goal was accom
plished. 

"As you study math and art together, you will see 
a lot of parallels," said Guldberg, who teaches in Eden 
Prairie. "It's really a pretty natural marriage." 

It's not enough for a computer graphics technician to 
know what a certain creature or scene is supposed to 
look like. That person must also be familiar with refrac
tion, reflection and algorithms. 

special effects combine three fields -computer science, 
math and art- which students encounter in the class-
room. 

Hanrahan was formerly chief scientist at Pixar (for
merly Lucasfilm, the creator of the "Star Wars" movies), 
and he won an Academy Award earlier this year for his 
development of the "Renderman" computer program. 
It's been used in, among other films, "Jurassic Park," 
"Terminator 2" and the animated "Beauty and the Beast," 
as well as in center videos illustrating never-before-seen 
geometric structures. 
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"Renderman" allows a special effects technician to type 
in codes that will command the computer to create a 
realistic image. For example, to create a scene in "Jurassic 
Park" with a large group of dinosaurs running through a 
field, information was entered into the computer about 
the location of each "animal," the position of its legs 
while running, the color and texture of its skin, as well as 
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the location of the lights and cameras. 
"If you look at it (on the computer screen), it wouldn't 

look like a dinosaur; it would look like a bunch of text," 
said Hanrahan. 

The computer acts on these commands and creates a 
photo-realistic image. Because computers are so precise, 
they allow real actors and sets to blend in with artificial 
images almost seamlessly, something that was difficult to 
do just 10 years ago. 

Not only can filmmakers create imaginary creatures 
and backdrops, but they can also use computers to give 
the effect of a large crowd. Because moviemakers don't 
want to employ thousands of extras for crowd scenes, 
they have traditionally hired a few and painted in the 
rest in a process called "matting." Now computers can do 
all of that with much more precision and realism. This 
technique was recently used in "A Few Good Men" and 
"In the Line of Fire." 

Computer programs such as "Renderman" have been 
so successful that they've not only gained wider accep
tance among big name directors who want high-tech help 
in telling their stories, but in the case of "Terminator 2," 
they inspired the moviemaker to create a plot around the 
special effects, according to Hanrahan-perhaps further 
proof that art and technology take turns inspiring each 
other. 

Local computer animation producer Larry Lamb 
reiterated this mutual inspiration. 

"There are scientists that are all of a sudden aware of 
the values of aesthetics as well as artists that are more 
aware of the technical aspects of things," Lamb said. 

These are all relatively recent developments. Lamb is 
president and creative director of Lamb & Company, a 
Minneapolis-based special effects business. He said new 
software and faster machines have made computer 
graphics viable for special effects work only within the 
past seven years. His company has used computer effects 
in commercials and the animated TV show, "The Incred
ible Crash-Test Dummies." 

"Computers have revolutionized the art of picture
making," he said. "If s not dissimilar to what word 
processors have done for writing. We can cut and paste 
and try and experiment." 

Special effects experts are now trying to perfect 
bodysuits which have sensors attached. While wearing 
such a suit, a person could send signals to a computer, 
which in turn would "tell" an animated character how to 
move like a human being. 

High school teacher Guldberg took home software from 
the course, and although the PCs at her school have 
limited capacity, some simple animation can be done on 
them. She hopes to team-teach a class with an industrial 
arts teacher. By showing students the visual uses of 



math, Guldberg said she wants to debunk some common 
stereotypes. 

"Both in the performing arts and the visual arts, the 
kids don't see a need for math," she said. "People see 
mathematics as static and always the same, and art as 
very creative and changing. I always keep that in per
spective when I look at the kid who is off the wall. Is he 
so creative he can't conform to basic math?" 

In other words, that "off the wall" student may be the 
next Pat Hanrahan, looking for a different way to help 
tell an age-old story. •:• 

Sources 
Guldberg, Nancy. Phone interview, Aug. 16, 1993. 
Hanrahan, Pat. Phone interview, Aug. 19,1993. 
Kasson, John. "Civilizing the Machine: Technology and 

Republican Values in America, 1776-1900." Penguin 
Books, Ltd., 1976. 

Lamb, Larry. Phone interview, Aug. 19, 1993. 
Levy, Stuart. Personal interview, Aug. 10, 1993. 
Marcus, Alan and Howard Segal. "Technology in 

America: A Brief History." Harcourt Brace 
Jovanovich, Inc., 1989. 

Maxwell, Delle. "Animation Creation," Imagine That!, 
Spring 1993. 

Munzner, Tamara. Personal interview, Aug. 10, 1993. 

With a Peace Corps stint in Lesotho under his belt, new Technolog writer 
B:mu.\~ DE\7~llm has leaped into a graduate program in the History of 
Science and Technology. In another of his previous work lives he wrote 
about the environment. 

Invest in your future ...... 
explore an engineering 

career with Cargill 

Cargill is a privately held international agricultural and 
industrial processing company. Our businesses range 
from commodity merchandising to poultry and beef 
processing, and from flour and steel mills to feed, 
seed and fertilizer sales. 

We offer entry-level positions to chemical and mech
anical engineers that blend engineering expertise, 
production management and supervision. Our engi
neers become managers of production departments 
or engineering projects, with opportunities to become 
operations managers of production facilities. 

If you would like to learn more about engineering 
opportunities at Cargill, contact: 

Je:rma Anderson #63 
Cargill Incorporated 
P.O. Box 9300 
Minneapolis, Minn. 55440 

Gilrgfllls an Eqwl Opportunlllf Employer 
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On August 26, 10 U of M scientists and scholars partici
pated in a forum at the Science Museum of Minnesota. 
"Who's Afraid of Jurassic Park?: A discussion for kids and 
adults about genetic engineering" was presented by The 
Center for Biomedical Ethics, The Minnesota Human Ge
netics League and the Science Museum. It was an opportu
nity for the public to separate fact from fiction in the film 
"Jurassic Park" and to learn what's happening in genetic 
research and engineering. 

eienee on the Hi ere n: 

by Tamara Lubic, 
Technolog Associate 

Editor 

Di en ion of 
Jn o-Ethie 

mosquito bites a dinosaur and then falls into resin. Sixty-five million years later, 
molecular biologists extract dino DNA from the insect and piece it back together 

to form brand-new dinosaurs with ancient appetites. Could it happen? Should it 

happen? 
"Who's Afraid ... ?" panelist Perry Hackett, professor of Genetics and Cell Biol

ogy, said, "Jurassic Park has given people the idea we can do far and away more 
than is possible now. The wonderful thing is, it's raised the consciousness of the 

general public." 
Robert McKinnell, professor of Genetics and Cell Biology at the U, said, "I 

believe the movie is a yarn but builds on bits and pieces of real science." 
Of the 10 panelists, McKinnell's work in cloning most closely resembles the 

Jurassic Park concept of creating whole creatures from a few strands of DNA. He 
told the audience that rabbits, pigs, sheep and cows are now being cloned from 
embryonic cells. Perhaps more important, he noted that frog larvae have been 
cloned from red blood cells (the source of the dino DNA in Jurassic Park). 

The distinction between the two types of cells is critical. Although the genetic 
blueprint for every organism is repeated in each of its cells, thus far all cloning that 
leads to an adult organism begins with the nucleus of an early-stage embryonic cell. 
After cell division is well-advanced, and each cell begins to identify itself as a 
particular kind of cell, i.e., liver, muscle, intestine, etc., a little-understood process 
makes it "forget" the rest of the blueprint and focus on its special function. 
McKinnell emphasizes that this process of differentiation is extremely stable and 

not easily manipulated. 
But the manipulation is possible, a fact McKinnell says points out the 

unpredictability of science. In 1986, researcher Marie DiBeradino cloned frogs from 
red blood cells, although the larvae produced never matured into frogs. McKinnell 
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says, "We don't have the vaguest idea" why they didn't. 
In "Jurassic Park," lab technicians dismiss the danger 

of uncontrolled (i.e., natural) reproduction in the geneti
cally engineered dinosaurs, because all the embryos are 
female. Only mathematician Ian Malcolm questions how 
they can be certain that nature won't surprise them. 

McKinnell knows that it will. He described his own 
experience with the unexpected. "We produced a cloned 
aggregate of frogs with a genetic tag [in them], and I said 
to my assistant, 'Of course, they'll all be the same sex,' 
and they weren't!" He called a colleague at the Univer
sity of Iowa who told him, "All you have to do is change 
the temperature and the sex changes." 

Researchers are working to reduce unpredictability. 
Hackett told the crowd that because not all genes are 
expressed in all cells at all times, identifying their on/ off 
switches is just as important to researchers as identifying 
the genes themselves. Hackett said, "In some ways you 
can think of genes as the equivalent to floppy disks. 
Depending on the software and PC you're using, the 
information on the disk can be very useful, or it can be 
useless." 

If we could make the leap from recreating a non
extinct species such as a frog, to creating dinosaurs, 
should we make that leap? Hackett asks, "If the technol
ogy existed, why not?" Hackett, whose research includes 
genetically programming larger, faster-growing fish, 
says, "Animals are going extinct every day. Through 
development we're encroaching on ecosystems." He 
adds that the world is now facing severe and growing 
population. "If it's a question of someone going hungry 
vs. the preservation of an exotic plant, the plant's going 
to go. Maybe through genetic engineering we could 
change the characteristics of a plant so that it could grow 
under different conditions." 

Before 

Gas acceleration tube 
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Stopping screen---= )e 

Target cells F RF F 
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This system uses helium pressure to accelerate micropartides 
, toward target cells. 

Robert McKinneH, professor of Genetics and CeH Biology. 

Dave Somers, associate professor of Agronomy and 
Plant Genetics, says, "By selective breeding of animals 
and plants, we've been genetically engineering for a 
long time from the point of view of selected matings of 
particular males and females." The overall goal, he says, 
is to "enhance expression of, or to confer, some charac
teristic ... we think would be of value." But he noted a 
critical distinction between today's genetic engineering 
and traditional gene manipulation. "Now we can 
transfer genes from any organ to any other. We call 
them horizontal transfers." 

The transfer takes place in a variety of ways, depend
ing on the organism and the desired result. Vegetables, 
like most plants, have rigid cell walls. One method for 
penetrating them is use of the "gene gun." Using 
compressed helium as propellant, the gene gun blasts 
through the plant cell walls with micro projectiles made 

Reprinted with the permission of Bio-Rad Labo__:..:ra::..:t.::.or:.:i:::es"-, :.:.In:.:.c.:.... -----------------------
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of tungsten or gold and coated with the selected gene. 
The panelists said that genetic alteration can be good 

for the economy and for the environment. Inserting 
genes into fruits and vegetables, for example, can immu
nize them against disease and make them unappealing to 
bugs, cutting down on pesticides. And using plants as 
small production facilities for biodegradable plastics 
could eventually prove both cheaper and more environ
mentally sound than petrochemical-based plastics. 

Since discovering a bacteria that produces biodegrad
able plastic, researchers have set out to bestow the same 
characteristic on plants. But why relocate "production?" 
Somers said, "With bacteria you have to bring the 
nutrients to them, but plants use sunlight." 

Improved efficiency and elimination of "mistakes," 
both natural and manmade, was a common thread 
running through the "Who's Afraid ... ?" discussion. 
Hackett, using his genetically altered fish as an example, 
said that the large number of smaller fish in our lakes 
and streams compared to 200 years ago could be the 
result of human activity in the area during that period. 
He hypothesized that genetically producing bigger fish 
could help restore fish to their preindustrialization 
growth patterns. 

And Sue Berry, a pediatrician and clinical geneticist, 
told the audience, "In your personal genome, you all 
carry genetic errors, changes and alterations. The idea of 
changing genes is a natural event." 

Yet the basic premise of "Jurassic Park" is scientific 
error. Hackett acknowledges that mistakes will happen 
in genetic science, either individually or through some 
combination of genes. He also says, however, that 
scientists who work in the field of genetics are thinking 
about potential negative effects "constantly, because we 
get asked about them constantly." 

He added that "People have a tendency to think that 
[today] is the way the world is, was and always will be." 

He says he wishes that geneticists "had one percent of 
the power people think we have ... What we're trying to 
do is solve the problems caused by intense population 
pressure that's ever growing, and I believe the conse
quences of doing nothing are far greater than the conse
quences of trying to do something." •!• 
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Sources 
Participants in: WHO'S AFRAID OF JURASSIC PARK? 
A discussion for kids and adults about genetic engineer
ing. Aug. 26, 1993. Science Museum of Minnesota Paleon
tology Hall 
"Arthur Caplan, Director, Center for Biomedical Ethics 

(Program Moderator) 
"Eileen Flory, Director, SMM Paleontology Science Hall 
., Robert McKinnell, Professor of Genetics and Cell 

Biology, University of MN 
"'Richard King, Director, Division of Genetics, 

Dept. of Medicine, University of MN 
., Robert Silberman, Associate Professor, Art History, 

University of MN 
., Perry Hackett, Professor of Genetics and Cell Biology 
• Dave Somers, Associate Professor of Agronomy and 

Plant Genetics, University of MN 
eSue Berry, Associate Professor of Pediatrics, 

University of MN 
eScott Mcivor, Associate Professor, Lab Medicine 

and Pathology, (also Institute for Human Genetics) 
"Dianne Bartels, Associate Director, Center for Biomedi

cal Ethics 
., Bonnie LeRoy, Program Director, Institute of 

Human Genetics, UMHC 

'1'.\.u_uu. ~1. Lnm· is extremely interested in how 
people decide what is right, wrong, or unavoidable. 
A journalism grad student with a minor in Biomedi
cal Ethics, she sees a writing career as a way of 
getting answers. 
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The walls of the Weisman Art Museum as they appear on paper. 
Architectural drawing courtesy of Meyer, Scherer & Rockcastle, Ltd. 

he eehnology Behind 
the Gleam 

by Drew Denker, Techno log Staff Writer 

eard on the University of Minnesota campus: ~ · *It's ugly! Why did they have to go and ruin our 
campus like that? 
.. I like the way it looks from across the river. 
• When will it be finished? It already is?? 
During 1993, the construction and unconventional 

design of the Weisman Art Museum triggered campus
wide discussion, ranging from appreciative to skeptical-
but never apathetic. 

The museum's project architects made advances in 
building design and construction by developing special
ized approaches to the structure's thermal barrier and 
lighting conditions. 

The Architectural Team 
Santa Monica, Calif. design architects Frank 0. Gehry 

& Associates, and the Minneapolis-based project archi·· 
tects Meyer, Scherer & Rockcastle cooperated on the 
museum. Project architect John Cook explained, "It's 
always good to have a local association because the 
distance is too much ... to handle by themselves." 

Gehry' s firm developed the design for the building, 

drawing the various exterior fa<;ades and the interior's 
conceptual basis. That design provided the project 
architects with the basis to begin technical and construc
tion design. Meyer, Scherer & Rockcastle did all of the 
construction drawings and supervised construction and 
structurat electrical and mechanical engineering work 
Gehry' s group stayed involved, also. 

"There is not a clear-cut line where their responsibility 
ends and ours begins," said Cook 

The Conceptual Design 
The east and south fa<;ades of the structure have 

brick faces, as do Coffman Memorial Union and 
Comstock Hall. The north and west fat;ades of the 
museum are more distinctly Gehry designs. An asym
metrical, free-flowing stainless steel wall curves and dips 
in a continuous design, jutting out at irregular angles and 
shapes. 

"Abitare," an architectural journaL says the museum 
"is best classified as being somewhere between post
cubism and science-fiction." 
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Considerations of 
the Project Design 

The museum's project design focuses on 
protecting the art from fire and climatic changes 
and displaying the art to its best advantage. 
Cook explains the climatic considerations: 
"Because the building is an art museum, there 
are strict requirements for humidity and tem
perature control, and other than a sophisticated 
mechanical system, that either puts humidity 
into the system or takes it out. A critical thing for 
the architecture is to maintain a tight envelope 
with a good vapor barrier, basically like a 
balloon. · 

"The wall type is made up of several different 
products to achieve not only an architectural 
finish inside and out, but a temperature and 
humidity control," Cook added. "When you 
have a highly articulated fac;ade like [the 
museum's west, stainless-steel-covered fac;ade], 
it becomes quite a difficult task. You not only 
want to meet requirements of the design, the 
shape and all, but you have to meet the technical 
requirements as well." 

To meet both design and technical require-
ments, the building's walls are made of six or seven 
different materials-- depending on the fac;ade--layered 
together to form vapor barrier. The first layer, structural 
metal studs, is followed by an ice and water shield, made 
up of a polyethylene sheath laminated to a sticky bitumi
nous product. A layer of 
rigid insulation lies just 
inside the ice and water 
shield, followed by a five
eighths-inch shell of 
treated plywood attached 
directly to the metal studs 
with stainless steel screws. 
This is followed by 
another layer of rigid 
insulation and an addi
tional layer of the ply
wood, this time screwed 
directly to the inner layer 
of plywood vvith galva
nized steel screws. "The 
reason for the multiple 
layers in the wall system 

The galleries are r 

through the studs, [while] the other screw, the outside 
screw, the 'cold screw' as we call it, only gets halfway 
through the wall." The final layer of plywood is covered 
by 15 pound asphalt-saturated felt paper, and then on the 
north and west fac;ades, a stainless steel skin completes 

the layers of the 'balloon.' 
On the south and east 
fac;ades, the final layer is 
made up of brick. These 
final layers shield the 
building from almost all of 
the elements, rain or snow. 
As neither the brick nor 
the stainless steel form 
perfect seals, however, 
there is also a backup 
system to remove any 
water that gets beyond the 
outer layer. 

, It is necessary to keep 
~ the relative humidity 
.~ within the building's 
'"' a balloon at 50 percent all 
£ year round, maintaining a 
.8 temperature range of 68 to 
0 f 78 degrees Fahrenheit, the 

is to prevent making the 
thermal bridge with the 
screws," Cook explained. 
"We split the screw so that 
one screw penetrates 

A skylight in the Weisman Art Museum admits 
a controlled amount of light. 

same for art museums 
everywhere. "They're 
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The Challenge of Creative Design 
Frank 0. Gehry disagrees with those 

who call him an artist. "I want to say I'm an 
architect," Gehry said in an interview in 
Frank Gehry, Buildings and Projects. He 
explained that, given the influence of artists 
and their work on his designs, many people 
mistakenly classify him as an artist-- not an 
architect-- "in a way that's used like a 
dismissal." 

Insisting that the museum must be 
classified as a design and building, rather 
than as a work of art, Gehry challenges 
architects, engineers and technicians with 
sometimes off-the-wall technical problems. 
Perhaps this is the price to be paid for a 
Frank 0. Gehry design. •! .. 

£ Sources 
' ' ',\'\\%\\\1 0 ..... 

0 
..:::: 

="'-"'"'-"'=~~~"'-"'"'-"'~"'-"'~ ~ 
:ination of natural and artidfial light, using skylights and reflective lighting. 

standards without consideration of where the museum is, 
whether it's Minnesota or Florida," said Cook. "Here, in 
the winter, we have to put water into the system." 

The Natural Light Debate 
The argument about how much natural light a mu

seum can admit centers on artwork conservation. The 
project architects designed the skylights, aided by a 
computer analysis from the University's Regional 
Daylighting Center. The analysis showed how much 
direct sun would hit the gallery at what times of the year. 
The executive architects determined exact dimensions for 
the skylights, including the depths of their wells. 

Automatic blackout-shading devices, which museum 
staff can adjust, exist on all the skylights and vertical 
windows; the museum can reach total blackout. In 
addition, the window and skylight glass have an ultravio
let filter. 

Despite all of the design precautions and consider
ations developed to allow natural light into the gallery, 
Cook says that some exhibit curators object. "Some 
museum curators will say, 'No natural light- I don't 
care if you have UV glass or not.' That's the trouble we're 
running into with the first show; there are some works on 
paper that the lenders are saying 'You will not have the 
skylights open, no matter what.' They don't buy the 
argument that we've effectively blocked out natural 
light." 

"Architectural Design Citation: University of 
Minnesota Art Museum." Progressive Archi
tecture, Jan. 1992: pp. 74-5. 

Arnell, Peter and Bickford, Ted. Frank Gehry, 
Buildings and Projects. New York: Rizzoli, 
1985. 

"Art and Teaching Museum." "Abitare," April 
1992: p. 195 

Cook, John. Personal Interview. Aug. 27, 1993. 

"A Dream of Long Standing." University Art 
Museum Pamphlet. 

When ME senior nmu•:w 
n~:'liKim isn't grooving on his 
favorite tunes, he passes his 
time studying the theories of Ian 
Malcolm, allowing himself to 
become a part of the Jurasso
bandwagon. This is his second 
piece for 1993-94 T echnolog. 
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Darn ing 
Music 
at the 

~ontputet• 
W hat's the difference between 

sound and music? Your 
parents thought they knew, 
when you cranked the Sex Pistols 
from your bedroom stereo. You, of 
course, knew it was much more than 
just sound. Nailing down just what is 
and what isn't music is about as easy 
as cleaning out tape spaghetti from a 
cassette deck. 

Today, computers stealthily shift 
music from the realm of art to the 
realm of science. By breaking down 
music into its physical pieces-pitch, 
tone, loudness and timbre, for 
example-- and digitally tinkering 
with the finished product, computers 
can produce an astounding amount 
of musical variations in a fraction of 
the time it took Beethoven to write 
his symphonies. 

To understand the link between 
computers and music in the '90s, one 
must under-
stand traditional 
methods of 
representing 
sound. The 
earliest recorded 
attempt to do so 
used a series of 
dots and 
heights. This 
gradually 
evolved into 
standard 

p 
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by Chris Kasic, Technolog 
Staff Writer 

had developed a complex set of 
graphics to represent pitches, scales 
and chords played over time--the 
same scale we use to represent and 
read music today. 

In the mid-19th century, player 
pianos represented scores by pat
terns of holes punched along rolls of 
paper. They couldn't duplicate the 
amplitude of a sound, but accurately 
represented the pitch duration by 
increasing the length of the punched 
hole. The punched-hole theory, 
which worked by shooting com
pressed air through the holes, would 
later work with light beams and 
punch cards in the computer age. 

A third way to represent music is 

through its waveform. Loud
ness, represented in decibels, 
translates to amplitude. The 
number of vibrations per second 
translates to frequency (mea
sured in Hertz), and when 

plotted for pressure and time, 
represents an analog sound. 

Analog recording techniques use 
these waveforms to produce sound. 
The quality of the sound depends on 
the accuracy of the duplicated 
waveform. The smaller the portion of 
wave duplicated, or sampled, the 
more accurate and clear the repro
duction. 

Digital recording techniques use a 
different approach. A Digital-Analog 
Converter translates the signal from 
the waveforms into binary code. 
Digital encoding allows for a more 
accurate (and usually higher) sam
pling rate, and hence, a more precise 

time 

sound. But the 
sound isn't 
anywhere near 
the real thing. 
Why not? 

Analog 
sound represents 
a constant, barely 
detectable 
fluctuation. 
Analog synthesiz
ers tend to create 
richer sounds 
through their 
variability. That's 
why most music 

notation. 
Centuries before 
Bach, composers 
and musicians Graphic representation of a sound wave. is recorded, or at 

Page 18 o Minnesota Technolog 



least mixed, with analog techniques 
(ADD or AAD). 

With the advent of the digital 
synthesizer, players and composers 
could transform music into 
bitstreams. Computers could then 
edit the sounds, provided they were 
of the same type. Timbre, the differ
ence in sound between identical 
pitches played on different instru
ments, had to be dealt with sepa
rately. Early computers had no way 
to differentiate between identical 
frequencies produced on different 
instruments. In short, frequency was 
just not a good enough descriptor of 
sound. The Musical Instrument 
Digital Interface, developed in 1983, 
helped solve that problem. As a 
transmission protocol for sending 
digital sound, it allows multiple 
instruments to be connected through 
a single keyboard. It also sequences 
multiple sounds. 

MIDI digitally codes information 
on pitch, loudness, duration and 
other components of sound. It 
channels musical information. By 
assigning an instrument to a discrete 
logical channel, MIDI enables many 
instruments to send signals at once. 
This data is sent to a computer or 
synthesizer in packets, usually made 
up of eight or 16 bits. Other informa
tion on pitch, loudness and tempo 
follows in bitstream. 

MIDI still handles the majority of 
computer music protocols. It suffi
ciently handles large amounts of 
musical data efficiently, as long as 
your microprocessor and communi
cations highway can handle the 
volume of data you send. 

Each discrete sound sent over a 
MIDI channel can be split into four 
components-attack, decay, sustain 
and release. Attack represents the 
beginning of the sound, from zero to 
full amplitude; decay, the way the 
sound trails off to zero again; sustain, 
how long the sound is played; and 
release, how long the sound takes to 
disappear. In addition, each sound 

John Cadis, associate professor of Computer Science, 
sits next to one of the tools of his trade. 

ur d like to see 

the day 

when you can give 
. 

a novice 

a dataglove and 

allow them the 

effect of 

physically 

manipulating 

notes and chords 

and 

watching 

the results of their 

change.'' 

* Doug Perrin 

has a specific pitch (frequency), 
amplitude (loudness), duration, 
timbre and is followed by a particu
lar space of time. Organizing many 
notes in time also requires that a beat 
be maintained throughout the piece 
of music. MIDI standardizes the way 
this information is reported. It allows 
translation from sound to computer 
code and vice versa. All this informa
tion is sent in a specific MIDI order 
to a processor, which then synchro
nizes notes and replays them. 

Components of an orchestral piece 
represent a tremendous amount of 
information, and standard notation, 
for all its complexities, is an incom
plete method of representing music. 

A new method of representation 
should use modern technology to 
graphically enrich the language of 
musical notation. Doug Perrin, a 
junior Computer Science major at the 
University, wants to use the com
puter to represent music more 
completely. Perrin works with 
Computer Science Associate Profes
sor John Carlis on the spiral repre
sentation of music. They began their 
research partnership through the 
Undergraduate Research Opportuni
ties Program (UROP). Carlis has 
added a third dimension to the two
dimensional notation with notes, 
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These are computer representations of four notes in the same octave ascending 
chromatically, with a glissando going up a fourth simultaneously. 

clefs and bars, turning the standard 
notation staff into a spiral moving 
around an axis representing time. 
"We are using the power of today's 
computer to functionally, rather than 
symbolically, represent music," said 
Carlis. 

The two are exploring how pitch, 
duration and loudness might be 
represented graphically. A spiral 
represents pitch with the frequency 
of a point on the spiral proportional 
to the log of the distance from the 
origin to the point. One full octave 
(12 semitones) constitutes a com
plete spiral turn in Carlis' model. 
Each ray out from the origin has a 
color, but a ray is drawn only for the 
semitones, or every 30 degrees. Red, 
for example, might represent C, 
orange D, etc. A note in equal 
temperament tuning occurs where 
the spiral meets a ray. So if middle C 
is brick red, a three-octave raise to a 
high C will be a light red. Time is 
perpendicular to the spiral. In the 
simplest case a note is a cylinder 
centered over a ray-spiral intersec
tion. The length of the cylinders, 
like the piano roll holes, increases as 
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the pitch is played longer. Pitch
bends (where, for example, a slide 
trombone excels) distort the cylin
ders into strangely shaped worms 
whose colors change from end to 
end. An expanding helix-shaped 
cylinder would be a glissando, or 

uwe are using the 

power of today's 

computer 

to functionally, 

rather than 

symbolically, 

represent 

tnusic/' 

*John Carlis 

pitch-slide from one end of the scale 
to the other. The momentary diam
eter of the note represents loudness. 
Several possible variations of a 
cylinder include a cone (which 
would be a decrescendo, or softening 
of a pitch) and a football shape (a 
crescendo, or amplification, followed 
by a decrescendo). 

Much of Perrin's work involves 
translating concepts into C code. 
Perrin hopes his efforts will appeal 
especially to non-music students. He 
is unsure of whether composers will 
find the notation helpful, since they 
are already skilled in music's me
chanics and nuances. But he envi
sions a future in which music is 
represented three-dimensionally. 
'T d like to see the day when you can 
give a novice a dataglove and allow 
them the effect of physically manipu
lating notes and chords and watch
ing the results of their change," he 
said. 

Tim Rowley, also a junior com
puter science major working with 
Carlis via UROP, is developing a 
method of optically scanning musical 
scores in order to make publishing 



more efficient. 
"Music typesetting is much more 

an art than a science today," he said. 
Abbreviations vary among music 
publishers and are sometimes 
inconsistent within scores, which 
makes software development 
difficult. A note perhaps only lightly 
filled in on the original might be 
taken by the scanner as empty. That 
problem, however, can be remedied 
by having the software ensure that 
there are a correct number of beats 
per measure. Rowley claims that the 
scanning software will rarely be 100 

Sources 

percent accurate, unless music 
typesetters adopt a standard format. 

In an effort to increase transmis
sion accuracy, Rowley scanned 
overlapping segments of a score. By 
allowing the computer to compare 
scanner passes, the algorithm can 
better detect and eliminate anomalies 
like non-straight score lines, which 
might be mistaken for other nota
tions. Rowley and Carlis envision 
music-scanning software which will 
allow individuals to digitize non
copyrighted scores. 

"Music is repetition with variety," 

Appleton, Jon. "Machine Songs III: Music in the Service of Science-Science in the Service of 
Music, "Computer Music Journal," 16(3), Fall 1992, 17-21. 

Bigelow, Steven C. Making Music with Personal Computers. La Jolla, CA: Park Row Press, 1987. 
Carlis, John. Personal Interview, 23 Aug 1993. 
Cope, David. Computers and Musical Style. Madison, WI: A-R Editions, Inc., 1991. 
Davis, Deta. Computer Applications in Music. Madison, WI: A-R Editions, Inc. 1992. 
Perrin, Douglas. Personal Interview, 19 Aug, 1993. 
Roads, Curtis, ed. Coq~posers and the Computer. Los Altos, CA: William Kaufmann, lnc., 1985. 
Rowley, Timothy. Telephone Interview, 22 Aug 1993. 
Schaffer, John Wm., ed. Computers in Music R~search. Madison, WI: The Wisconsin Center for 

Music Technology, Fall 1991. 

said Carlis. 
Computer operators supply the 

variety by trying different arrange
ments and by manipulating the 
characteristics of the sound, all 
digitally. Since music is inherently 
mathematical, computers will 
continue to improve and offer more 
options to the musical novice. 

We've just moved up a notch with 
the increasing functionality of the 
computer. Music is no longer a score 
solely printed for conductors and 
musicians, but can be manipulated 
by novices ... : .. 

f'unu~ K.\~114' is studying online documentation issues in the Master's 
Program in Scientific and Technical Communication in the Department of 
Rhetoric. He recently moved to Minnesota from Ann Arbor, Michigan. He 
does technical writing for money, science writing for enjoyment and fiction 
writing for laughs. 
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The 
To st 

Wth a touch of a button, the 
image on the television 
dissolves from a clown to a 
monster. Then, an athletic 
female tumbles across the 
screen, her silhouette 
wiping the last image away 

of the 

Video 
tors and video produce images 
by horizontally scanning a 
cathode-ray tube, or CRT, across 
a phosphor-coated screen--but 
the way this is done can vary. 
The CRT might scan straight Revolution 

and replacing it with a 
down and then go back to start at 
the top, as non-interlaced com

surreal landscape. Finally, a 
title and credits scroll across 
the screen. 

by Robert Subiaga, Jr., 
Techno log Staff Writer 

puter monitors do, which are 
renowned for flicker-free view
ing. Television, on the other 
hand, skips every "odd" line on These images are samples 

of those available with 
video "Toaster" technology, which videographers use 
to create effects never before possible. 

The Toaster uses video's flaws, such as lower resolu
tion-which creates unrealistic contrasts-in order to 
create special effects. Low resolution allows for less 
gradations of color or light/ dark between the edges of 
images on screen-for example, between those in the 
foreground and background-so the contrast between 
one object and another is greater, and the edge be
tween them appears sharper. Since edge detection
together with binocular vision-is one of the chief 
ways with which people process visual information, 
this part of the image seems "too reaL" But everything 
else appears unrealistic. The Toaster also cleans up 
video images which go through multiple edits. Since 
video is not physically cut and spliced while it is 
edited- segments are copied from shoot tapes onto 
masters-a difficult editing process that copies original 
footage many times to add special effects can degrade 
image resolution, to the point at which the video 
becomes unusable. 

The Evolution of the Toaster 
A computerized environment solution was inevitable. 

But, the lack of a compatible video standard compli
cated and delayed the process. Both computer moni-
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one trace and every "even" line 
on the next, combining these two images, or fields, into 
complete images-a frame. The number of lines scanned 
also varies, as does the shape of each pixel on the screen. 
Even in television there is variation. Most European 
countries use a TV standard called PAL, some countries 
use SECAM and the American standard is NTSC. Trans
lating one video standard to another is technically 
difficult because of computational complexity. Taping the 
screen is ineffective; the different timing of the standards 
makes the taped image flicker. 

Desktop video began in the 1970s and 1980s, when 
Amiga, a multimedia technology producer, chose the 
NTSC standard with the goal of allowing consumers to 
use their televisions as monitors. Programmers and 
hardware developers began to combine personal com
puter technology with video manipulation, and they 
created powerful and comparatively inexpensive means 
for amateur and newly established media artists. This 
evolved into the Toaster-technology which is primarily 
software with hardware add-ons-which grouped 
together four standard video tools. 

The four components of Toaster technology are special
effects generation, color manipulation, character genera
tion and rendering and animation. In video a special 
effects generator, or SEG, usually does the "cuts," or 
transitions, used in an edit. Using multiple video inputs 



like most SEGs, the Toaster can dissolve from one image 
into another. But it also has some built-in effects-such 
as the "transporter," which deletes an object from a 
scene with its outline first shimmering and then disap
pearing, as seen in "Star Trek." In another type of cut, a 
"wipe," one image pushes the prior one off the screen in 
various ways. All such transitions must be done by an 
operator manually hitting a button; they therefore lack 
precise synchrony. The Toaster stores these effects, 
ensuring they are of identical length each time the 
operator recalls them. This makes the Toaster an im
provement over typical SEGs, which only provide simple 
wipes and fades and do not correct for effect inconsisten
cies because of operator error when recreating them. 

The Toaster also improves character appearance on
screen. Since image resolution on video can quickly 
degrade, the edges of on-screen 
lettering-particularly colored 
lettering-can become fuzzy. 
Toaster technology provides 
high-resolution lettering and 
allows the artist to scroll 
characters in many ways. Type 
layout and quality make a great 
psychological difference in 
static images, and the effect is 
much greater in video. 

Toaster color manipulation is 
also superior to earlier SEGs. In 
color video, images are com
posites of primary light: red, 
green and blue. (This is actual 
light; pigment, which is reflected light, comes in primary 
colors of red, yellow and blue.) Furthermore, each color 
has two characteristics: hue, which is the "color" itself 
(i.e. where it falls in the spectrum), and saturation, which 
is the intensity of the color. Either of these can be ma
nipulated independently on the Toaster, shifting the 
balance of the video image. For example, the Toaster can 
correct for poor lighting during taping. Video artists can 
manipulate color to affect mood. Colors which are 
composites of primaries can be altered, say, by convert
ing only purples to whites. This makes the Toaster an 
essential tool for video artists who want to work in black 
and white, as monochromatic video cameras have not 
been manufactured for decades. Images that looked bad 
in color can be improved after a monochromatic conver
sion; in fact, monochromatic images are one of the few 
ways video can approximate the feel of film. 

Many artists use a computerized-image generator that 
can create and animate what the artist renders frame by 
frame. The artist can designate a "camera path" that will 
move through the virtual landscape just as a real ob-

server would, giving an illusion of three-dimensionality. 
Though this tool is labor-intensive-it takes 30 rendered 
frames to create each second of video-the comparative 
inexpensiveness of Toaster technology means entire 
batteries of artists can tackle a video project on a number 
of Toasters. More and more music video producers use 
such tactics. Space-fill rendering and animation pro
grams are becoming popular for IBM-compatible and 
Apple machines as well, and conversion hardware that 
can take these video outputs and transfer them to 
videotape are now $300-$1,000. This only provides a 
small fraction of the video power of the actual Amiga 
Toaster, which costs $10,000-$20,000. 

The University of Minnesota, through Intermedia Arts, 
teaches a Toaster seminar for those with rudimentary 
video-editing experience. Video artists can also acquire 

training for free through 
Metro area cable-access 
stations, if they provide non
commercial programming for 
community stations in return. 
Many of these cable-access 
organizations have Toasters 
for training and use. 

Aesthetics and imagina
t; tion are increasingly neces-
~ sary for conducting good 
ro science. Now, science skills 
~ 
!! and technical aptitude are 
ro 
Z becoming necessary to 

Program by Jerome Thelia produce multimedia art. •:• 

Sources: 
Intermedia Arts courses Video 1,2 and 3; Video 
Editing; non-credit Toaster workshop. 

Budding chaositician ltomnmT 
Sruu.ua.~ J mt~ got his B.A. in Physiol
ogyin 1988andsubsequentlydidgradu
ate study in Philosophy. He's now an 
extension student and Neurology Re
search Technician. When he's not creat-
ing computer graphics he provides il
lustrations for Technolog. 
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by Matt McKinney 
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hat do AT&T, Vice President Al Gore and Italy have in common? A desire to 
use fiber optics to the greatest advantage of the people and interests they repre
sent. According to communications producers, fiber-optics technology will enable 
viewers to direct television shows and music videos, shop from their homes, 
distance-learn from professors who answer questions on television and have in
home access to computer games, movies, books, magazines and newspapers. 

Gore and others are interested in fiber optics' incredible powers of transmission: 
the capacity to deliver billions of bits of information in a fraction of a second to 

anywhere on the globe. 
The light in fiber optics, however, grows weaker the longer it travels. For a 

communication system to spread 
across the world, the signal 
traveling in fiber optics must be 
periodically strengthened. 
Jim Leger, a University associate 
professor of electrical engineering, 
has worked with micro optics 
since he began researching a way 
to use lenses--much like micro
scopic versions of those in eye
glasses--to direct the light in fiber 
optics. 

These tiny pieces of glass direct 
and redirect the laser light. As that 
stream of information zings past a 
neighborhood, Leger's lenses 

~ would capture the light, split it up 
s ·0 into hundreds of signals to homes 

;:;a in the area, then send it on to the 
] next neighborhood. 
-5 Technology now exists which 
::i! can produce the same result as 



Leger's lenses; he aims to make the lenses smaller and 
more efficient. 

Becoming interactive 
Another problem with fiber optics is that the light in 

them weakens as it gets divided. 
Some systems today rely on a kind of battery pack 

placed along the fiber-optic cable that recharges the 
signal every 50 kilometers. Used in submarine cables 
which connect countries, these 
"pumping" units use electrons to 
provide fresh energy to the fiber-

amplify light to 25 decibels--enough to attract the atten
tion of scientists elsewhere. 

At AT&T, researchers tried pumping the same fibers 
with a different frequency and found an even greater 
gain. Predictions are that the erbium fibers will carry 
2,000 to 3,000 billion bits of information in one second 
when the technology is perfected. 

Fiber-optics systems already use a "repeater" to carry 
messages over long distances. It 
interrupts the laser, converts the 
photons into electrons, amplifies the 

optic signals. But to split the signal 
to many subscribers, Leger says, 
many repeaters may be needed. A 
system like that of the submarine 
cables would be too weak. 

A single lens takes electrons and then converts them 
back into photons. The repeater is 
used in fiber-optic systems around 
the world. But Leger's lenses would 
be used for a different sort of battery 
pack. 

several days of 

Leger's work borrows from recent 
discoveries in fiber optics such as 
that of researchers at AT & T who re
examined an experiment using 
fibers made from silica glass and a 
rare-earth element: erbium. The first 
such experiment dated back to the 
1960s, when researchers at the 

meticulous 

construction, 
When the information-laden 

light in fiber optics reached a 
neighborhood, Leger's lens system 
would concentrate 1,000 lasers into a 
"pumping" laser, which would 
strengthen the signal for division 
into hundreds of signals for neigh-

and Leger needs 

thousands of them. 

American Optical Company first 
made fibers with neodymium, 
another rare-earth element/ and 
found that the fibers could amplify light. 

But, neodymium did not work well with silica glass, 
and the research was abandoned. Not until the mid '80s 
did another team of researchers attempt to use a rare
earth element to make a fiber that could amplify light. At 
the University of Southampton, Wales, scientists tried 
erbium. As noted in Emmanuel Desurvire's January 1992 
"Scientific American" article, the erbium fibers could 

DIODE LASER 
ARRAY 

n, 
MICROOPTIC 
LENS SYSTEM 

borhood homes. A stronger laser 
could do the same trick as the 
thousands of single lasers/ but no 

one has developed a laser that comes close to the combi
nation of lasers Leger's system proposes. 

Working in tandem, the lasers would excite the erbium 
in the fibers. The erbium would absorb a sufficient 
amount of pump light and recharge the signaL 

A single lens takes several days of meticulous con
struction, and Leger needs thousands of them. 

Leger first puts a tiny piece of "photo-resist" on a 

FIBER 
AMPLIFIER 

ERBIUM-DOPED 
FIBER CORE 

PUMP LIGHT 

Pumping of a double-dad fiber amplifier. Courtesy of J. Leger. 
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James Leger, associate professor of Electrical Engineering. 

substrate. Photo-resist can be exposed like a piece of film, 
but is not affected by ion etching. When Leger turns on 
an ion-etching machine, the exposed substrata is carved 
away, while the portion covered by photo-resist is left 
untouched. 

Leger repeats the process, removing more of the 
substrate each time. He eventually constructs a tiny series 
of steps which rise up from the substrate and then drop 
back down- all in a space equal to the width of a 
human hair. 

Then, using a specially designed oven, Leger bakes the 
piece of carved-up substrate at 1200C. This rounds off the 

edges of the steps while Leger carefully monitors the 
oven's temperature and atmosphere. Leger hopes to 
create the dome-shaped lenses by the end of this school 
year. 

The research is just underway. Steve Campbell, an 
electrical engineering colleague of Leger's, is collaborat
ing with the design of the furnace that will be used in 
making the lenses. 

Even if the lenses are not suitable for fiber amplifiers, 
Leger believes the micro lenses could be used for cou
pling light into and out of fiber optics. •: ... 

Sources Jim Leger, Personal Interview, August 
1993 

Dickson, Martin. "Forced from a cozy 
cocoon: America's Baby Bell 
Telecommunications Groups Face 
Radical Changes." Financial Times, 
April20, 1993. 

When Journalism grad student ~1.\TT 
~I«'KJ!:\":\"!EY isn't piloting a boat through 
Alaskan waters or rooting out corruption, he 
can be found squinting in front of a Technolog 
computer in his quest to become an even more 
evolved writer. 

Desurvire, Emmanuel. "Lightwave 
Communications, the fifth genera
tion." Scientific American, January, 
1992. Vol. 266, No.1 

Bruder, Isabelle. "A Guide to Distance 
Learning." Electronic Learning, 
November, 1991. Vol. 11, No.3 

Extel Financial Limited, July 14, 1992. 
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Rhyme and Reason 

.....:::::::_ ----------
The riddle has a venerable tradition. The ancient Egyptians 
believed the Riddle of the Sphinx held great power over man
kind. Who could forget that fateful exchange between Bilbo ------ -:::::--

--

1 Baggins and Goilum in the bowels of Middle Earth? Here are a 
few you can use to test your mettle. ----------

• 
I am the king's most loyal supporter, 
bones of wood, I need no mortar. 

\ 
\ 

\ 
\ 

The commoner too may use my strong back. 
I have several legs, it's feet that I lack. -----

\ 
\ 

\ 

Small, iuignifinnt, I hold mighty powers. 
I guard tre:mms, priscuu, and gnat towers. 
Teeth of iron, I'll eat no meaL 

---

---

----
Thie; lady wears a cloak of white, 

She sleepe; the day, awake at night. 

• Her countenance doth constantly change 
In her full beauty, strong men go derange 

---------\ 
\ 

\ 

• With me u your ally, great riches renal. 
Hue's hoping you're suing where all this is leading, 
the key u this riddle is diligent reading. 

---_________ ;:::,.. 

• 

\ 
\ 

I am in your mind now 
Staunch there 'till! am named. 
I am a vicious torturer, 
yet I'll never leave a mark . 
I answer myself. 
What am I? 
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My twenty~one eyes grace sextuplet 
faces, 
Some people use me instead of e horseraces. 

J1Bl{J 1? 'l :S.1ClMSUif 



ECHNOLOG CIENCE 

CTION ONTEST 

An outside panel of judges will select the top three 
entries. These will be printed in the April issue of 
Technolog. Winning authors will receive prize money 
accordingly: 

$125 

Second: $100 

$75 

The contest is open lo all registered !J ol Mill students, except Technolog 

and ITIIP members. Entries must be lyped and double-spaced, previously 

unpublished and no longer !han 3000 words. Altach a cover page entitled 

science liclion contest entry, and don'llorget to include your name, 

address, and phone number. !lo nol include your name on lhe manuscript! 

Entries may be turned into lind llall 5. 

Monday, February 7, 1994 
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Going to be on campus for a few extra hours per week next year? How about getting involved with 
the award-winning Minnesota Technolog, or the soon-to-be-famous I.T. Connection? Interested I.T. 
students are encouraged to apply by February 11, 1994 for the following positions: 

I.T. Connection Editor: Stipend $110 per issue, 5 issues per quarter. 
Edit the student newsletter of the Institute of Technology. 

I.T. Connection Distribution Manager: $15 per issue, 5 issues per 
quarter. If you enjoy walking about I.T., and would like to get paid to 
carry things every two weeks, this position is for you. 

Minnesota Technolog Editor~in-Chief: $500 per issue, 2 issues per 
quarter. If you're serious about communicating about science and 
technology, this is the position for you. 

Minnesota Technolog Advertising Manager: $30 per issue, 2 issues 
per quarter plus 10°/o commission. 

Minnesota Technolog Circulation Manager: $50 per issue, 2 issues 
per quarter. If you don't like to walk around I.T. enough to apply for 
the I.T. Connection Distribution Manager position. 

IT Board of Publications Business Manager: $250 per quarter. 

J')\i GOING fD PO 6f.\141 iC'fSEARC 
A.NP . TO 'Mf UP WITN A 

:&TD1tVl 
1) short resume, 2) statement of goal(s), 

3) writing samples for editor positions to: 
Room 5 Lind Hall. The application deadline is 
February 11, 1994. Training for all positions pro
vided during spring quarter. 

Call Jeff Conrad or Tiffany Chung at 624-7086 
for more information. 

EQUAL OPPORTUNITY EMPLOYER 
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7 Giving Nature a Helping Hand 

11 

As the economy becomes increasingly global, environmental 
concerns do as well. Researchers are creating technology to 
help protect the environment across national boundaries. 

Capital Ideas: Patents and Technology 
Transfer 
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EDITORIAL 

FT orth mencans Fearful 
of Trading Abroad? 

by Corinna Nelson, Editor in Chief 

If a document could scream, this 
one would be deafening. The 

American Engineering Association's 
Legislative Alert on the North 
American Free Trade Agreement 
said in no uncertain terms that 
passage of NAFTA would: 
•export manufacturing jobs to 
Mexico; 
•export manufacturing in general 
away from the U.S.-making it a 
"third world country," 
"'import lower-paid engineers and 
other technical employees into the 
U.S., displacing American engineers. 

With the passage of the Agree
ment, the AEA can now only wait 
and see what will happen to Ameri
can jobs and manufacturing. 

What will NAFTA actually do? It's 
like the Equal Rights Amend
ment-lots of people have strong 
opinions about it but few have 
actually read the thing. 

And how could they read it? It's 
five volumes totat weighing six 
pounds or so--a masterpiece of 
governmental wordiness. And so, 
readers, I took it upon myself to 
take a peek at the pounds of 
paper which might drastically 
affect our future. 

My conclusions about the 
ramifications of NAFTA are as 
clear as the mud in the Rio 
Grande and Rainy Rivers. I'll 
quote from the Agreement, throw 
out a few possible scenarios and 
let you-future engineers and 
scientists with possible jobs from 
Monterey to Montreal in your 
future--decide on the ramifica-
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tions for yourselves. 
The objectives of NAFT A are listed 

below; the "Parties" are the U.S., 
Mexico and Canada: 
• "Eliminate barriers to trade in, and 
facilitate the cross-border movement 
of, goods and services between the 
territories of the Parties; 
"'promote conditions of fair competi
tion in the free trade area; 
"'increase substantially investment 
opportunities in the territories of the 
Parties; 
•provide adequate and effective 
protection and enforcement of 
intellectual property rights in each 
Party's territory; 
"'create effective procedures for the 
implementation and application of 
this Agreement, for its joint adminis-

tration and for the resolution of 
disputes; 
•establish a framework for further 
trilateral, regional and multilateral 
cooperation to expand and enhance 
the benefits of this Agreement." 

Nice words. But what do they 
mean? Let's look at employment of 
engineers and other technical 
professionals first. The AEA believes 
the objectives are government-ese for 
"unemployed engineers." They're 
especially fearful of the section in 
one of the appendices to NAFTA 
which concerns professional employ
ees. NAFTA says the U.S. may 
approve as many as 5,500 "initial 
petitions of business persons of 
Mexico seeking temporary entry ... to 
engage in a business activity at a 

professional level..." (NAFTA, 
Appendix 1603.D.4 United 
States). 

NAFTA lifts citizenship 
requirements for professional 
licensing. It also sets basic 
criteria for required profes
sional training. Engineers must 
have a baccalaureate, a 
licenciatura degree or a state/ 
provincial license. They are not 
required to have any profes
sional experience. But interest
ingly, computer systems ana
lysts must have three years' 
experience in addition to 
professional training. 

§ s Here's the first scenario. 
·g According to its legislative alert, 
::;: .. 
"' ...::: 
y 

AEA "Believes foreign profes-
sionals will be admitted in 

::11 unlimited numbers through 



NAFTA even though they are not 
citizens of Mexico or Canada so long 
as they are paid by a Canadian or 
Mexican company." AEA believes 
"a Mexican company, for example, 
may shop worldwide for the lowest 
salaries and then import them to the 
United States." AEA does not 
provide its reasons for these argu
ments. But engineers and computer 
professionals are by virtue of the 
difficulty of their training already an 
elite class of workers. AEA speaks 
about them as if they are passive and 
helpless, unable to use their bargain-· 
ing power to shop internationally 
for the best wages. 

Cream rises. The best engineers 
will have even more opportunities
here and across our northern and 
southern borders-to shine. 

Where does that leave your 
competent, but average, engineer or 
computer jockey? 

Competent and average types 
(most of us) often get jobs in manu
facturing facilities. Here's where the 
second scenario--the specter of 
shipping our manufacturing base 
abroad--comes into play. AEA thinks 
manufacturing plants-where value 
is added to raw materials-will be 
shipped south wholesale. AEA 
believes the U.S. cannot maintain a 
high wage economy simply by 
generating ideas and having others 
produce the actual products. 

No single industry has had as 
much attention focused on it during 
the NAFT A debate as the car indus
try. Opponents of NAFTA might 
point to the example of car manufac
turing in Japan to bolster this point 
of AEA's argument. Japan began its 
foray into automaking by building 
upon techniques originated in the 
U.S. Now it's a dominant force in 
both the creation and execution of 

new car designs. 
Proponents of NAFTA point out 

the cultural differences between 
Japan and the three countries of the 
North American Free Trade Agree
ment. A design and manufacturing 
strategy which works for a small, 
nearly homogeneous island probably 
won't translate directly into the 
multilingual, multicultural stew of 
the three NAFTA countries--which 
reach from the Arctic Ocean to 
Guatemala. 

Proponents of NAFTA also point 
to the tariffs issue. Currently, Ameri-· 
can car makers have an incentive to 
build manufacturing plants in 
Mexico because of high tariffs on 
U.S.-made vehicles sold in Mexico. 
Eliminate those tariffs, as well as the 
requirement that cars sold in Mexico 
be produced there-as NAFTA does 
over a 10-year period-and the need 
to produce cars in Mexico will 
decrease greatly. 

Opponents say: low Mexican 
wages will then provide the incen
tives for companies to continue 
producing cars there. 

Proponents say: cars will always be 
made in the U.S. because of higher 
worker productivity here and 
because of the costs of transporta
tion. 

The mud in the Rio Grande and 
Rainy Rivers is still thick and the 
conclusions about NAFTA's impact 
unclear. 

The one thing that is dear is that 
we won't get a true idea of NAFTA's 
full impact for 10 years or more. 

What does that mean for I.T. 
students? Don't give up on careers in 
manufacturing just yet. But be sure 
to brush up on your French or 
Spanish. 
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HAPPENINGS 

Profile: Vincent Voelz 

ince Voelz's idea of a good science fair project has a lot of heart. But 
only if it's complete chaos. His senior project in high school was 

entitled "Examining Bifurcation in a System of Vander Pol Oscillators: A 
Nonlinear Model of the Heart." It won him a second place award from 
the American Physiology Society and a Third Place Grand Award at the 
International Science and Engineering Fair in Gulfport, Mississippi this 
past June. He's been working his way around the country at prestigious 
science fairs since his freshman year in high school, and earning national 
awards in the process. 

Voelz has brought his interest in chaos and biology to I. T. this term 
as an Honors student. His high school interests in the human heart and 
dynamic systems were in fact spurred by Mathematics Professor Richard 

~Moeckel, whom he met while taking high school Honors classes here at 
~the U. 
~ A 1993 graduate of Anoka High School, Voelz was most recently the 
:!=l State of Minnesota's representative at the American Academy of 

'--------==-"----'-----------' ::;;: Achievement's Salute to Excellence. 
Vincent Voelz In addition to attending science fairs, Voelz has also spent some 

quality time hopping around major research institutions in the United States presenting at 
science fairs. His studies and projects have 
taken him to the National Energy Research 
Supercomputing Center in Berkeley to nose 
around NERSC' s latest research projects in 
advanced computing. Locally, Voelz also 
spends some time at Cray Research, Inc. 
utilizing the latest silicon on large computa
tions which often accompany the nonlinear 
equations of chaos theory. 

Here at the University, Voelz plans to major 
in mathematics and perhaps biology. He 
wants to continue researching chaos in biology 
through the University Assistant Scholars 
Program and hopes to shoehorn some electives 
in jazz music and anthropology into his 
already busy schedule. Whatever subject he 
researches, says Voelz, "it will involve 
people-I like to see practical applications and 
not just machine-intensive work." 

I 

"I LIKE TO 

SEE THE PRACTICAL 

APPLICATIONS 

AND NOT JUST 

MACH I NE-1 NTENSIVE 

WORK." 

VINCENT VOELZ 

Voelz is also a member of the Men's Choir-and a conflicting lab this term was all that 
stood between him and a jazz piano class. 

I 

'Tm having fun right now," says Voelz. He admits he was offered an opportunity to 
attend Stanford University, but chose to remain in Minnesota with many friends who are also 
attending the U. "I've always been an independent person, and the opportunities and diver-
sity of the University are great" --by Chris Kask 
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PERSPECTIVES 

A Tl1en Stratus Computer, 
' \1 Inc., a publicly held $450-

million U.S. company, 
contemplated the develop
ment of a new software 
system in 1990, it first 
considered recruiting its own 
team of software experts. 

International 
Joint Ventures 

the Israeli company took 
the job of software devel
opment, while the Ameri
can company provided the 
technical specifications, 
performed testing, and 
developed training and in R 
documentation. During 

The software was to run on 
Stratus computers and 
provide banks with a single 
communication gateway to 

by Dan Shendar 
the commercialization 
phase, Stratus was to 
provide the sales, distribu-

networks such as telex, EDI 
and SWIFT. After realizing the time and expense it 
would take to gather a high-quality group and bring 
them up to speed with Stratus' technology (not to 
mention the financial risk of such a new endeavor), the 
management at Stratus decided to approach it from a 
different angle. 

Instead of starting from scratch, Stratus teamed with an 
existing organization that had a record of expertise in 
developing such systems. 
This organization would be 
responsible for developing 
the software based on product 
specifications and strict 
marketing guidance provided 
by Stratus. After a short 
search for the ideal partner, 
Stratus found the Israeli
based Manof Systems , Ltd., 
thereby starting an interna
tional joint venture in re
search and development. 

Generally speaking, an 
international joint venture in 
R&D is composed of two 
companies with a common 
goal. Defining the responsi
bilities of each company is 
rarely an issue, because the 
work is divided according to 
each partner's expertise. In 
the Stratus-Manof venture, 

tion and customer service 
in the United States, while 

Man of was to do the same in Europe. 
The benefits to Stratus were obvious. First, they saved 

a great deal of development time- more than a year 
according to management's estimate. Second, they were 
able to obtain state of the art, proven technology from 
their foreign partner. Third, they gained immediate 
access to Europe and other world regions via the existing 
distribution network of Manof Systems, Ltd. Last, the 

two partners were the 
fortunate recipients of a 
generous grant provided 
by their respective 
governments, which 
funded half of each 
partner's product devel
opment costs. 
Such public funding of 

international joint 
ventures in R&D is not 
new to Minnesota. The 
Minnesota Legislature, 
recognizing the impor
tance and benefits of 
international cooperation 
in new product develop
ment, passed the Interna-

"' tional Partnership 
ij Program Bill (Statute 
·~ Section 116j.974) in May 
C.? 1991, for the purpose of 
!:< 
~ stimulating joint ventures 
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in research and development between Minnesota-based 
and foreign companies. The Legislature also authorized 
the Minnesota Trade Office, a division of the Minnesota 
Department of Trade and Economic Development, to act 
in promoting and funding such joint international 
ventures. 

As a result, the Minnesota Trade Office assists Minne
sota firms by providing "matching" services to local 
companies that seek a foreign partner suitable for joint 
R&D work. Once a foreign 

The money is provided as a conditional grant and is paid 
back to the foundation on a royalty basis only if the fruit 
of the R&D is successfully commercialized. The BIRD 
Foundation was established in 1977 and has already 
funded nearly 350 projects. These projects have gener
ated business, primarily for the U.S. companies, esti
mated to be in excess of $3 billion. A similar, but smaller 
program, named PACT, was established six years ago 
with the government of India. 

The local "home-made" 

match is found, it is the 
responsibility of the two 
firms to set up the R&D 
program and negotiate the 
arrangement between them. 
The arrangement usually 
covers the responsibilities 
and budgets of each partner 
within the R&D phase as 
well as the ownership of the 
know-how and the details 
of the phases that follow 
development work, includ
ing manufacturing, sales, 
service and technical 

THE MINNESOTA TRADE OFFICE 
program is named after 
The International Partner
ship Program mentioned 
earlier, and it provides 
local manufacturers with 
not only the matching 
services, but also with the 
funding to help stimulate 
such joint R&D ventures. 
Currently, small, pri
vately-held companies 
can apply to the Minne
sota Trade Office for 
funding, which is gener-

support. When the Minne-

ASSISTS MINNESOTA FIRMS 

BY PROVIDING 
11 

MATCHING" SERVICES 

TO LOCAL COMPANIES 

THAT SEEK A FOREIGN PARTNER 

SUITABLE FOR JOINT R&D WORK. 

ally up to $250,000 and is 
available through the 

sota company and the foreign company are in agreement 
on a joint program, the local company, and in some cases 
the two partners, may apply for funding of their product 
development work. 

Equity Fund of Minnesota Technology, Inc. An expan
sion of the program to include larger companies is being 
considered by the administration. 

The Minnesota Trade Office promotes several interna
tional programs as well as a "home-made" one. One of 
these programs, established by the governments of the 
United States and Israel for the purpose of stimulating 
technology-based joint ventures, gives financial support 
to R&D projects conducted by an Israeli-U.S. pair of 
companies. The program is known as the BIRD Founda
tion and uses a $110 million endowment to fund 50% of 
the total R&D costs for projects costing up to $2.5 million. 

Minnesota is an excellent place for the creation of R&D 
joint ventures. Not only is there a large and growing 
community of technology-intensive companies, but the 
state legislature and administration, having recognized 
the significant economic impact that international 
cooperation in research and development could create, 
has made it easier for local companies to form such 
international joint ventures and, in many cases, receive 
state and/ or federal funding to support such efforts. 

Dan Shendar is a local consultant on international high
technology joint ventures and is the coordinator of the 
International Partnership Program in the Minnesota Trade 
Office. 

Important Telephone Numbers: 
(612) 297-4222 The Minnesota Trade Office 
(612) 297-4283 The lnt'l Partnership Program 
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FEATURES 

IVIng ature a Helping Hand 
by Brian DeVore, Techno log Staff Writer 

niversity of Minnesota Mechanical Engineering professor 
Benjamin Liu can barely hide his excitement as he explains a new 

patented method for removing toxins from incinerator waste. The 
method, developed at the University's Particle Technology Labora
tory, didn't involve the latest science and isn't even particularly 
high-tech. In fact, it basically consists of injecting steam into tiny 
particles of toxins to make them big enough to be broken down 
through traditional wastewater treatment methods. 

"It's simple," says Liu, director of the Particle Technology Labora
tory. "There's nothing new about steam." 

And if it works, steam injection could simplify waste treatment 
budgets. The method is being tested at the Minneapolis Wastewater 
Treatment Plant where tons of solid waste is produced every day. 
Officials incinerate these solids, but still end up with toxic heavy 

metals such as zinc, lead and cadmium which are 
too small to be picked up by smokestack scrub
bers. A device called an electrostatic precipitator 
can remove these toxins, but would cost as much 
as $10 million to install. 

Steam injection is currently being tested at 
the wastewater plant and Liu estimates making it 
a permanent part of the facility would cost 
approximately $1 million. 

"Environmental technology shouldn't cost 
an arm and a leg," says Liu. 

Countries looking to prevent or clean up 
pollution using technology are hoping people like 
Liu are correct in their assessment of the final bill. 
The reality of today's world is that often the most 
polluted nations are also the least able to afford 
environmental technology. In hopes of increasing 
their cash flow and easing monstrous debt loads, 
"underdeveloped" countries have pursued 
industrial progress with fervor, usually with a 

.... 
~ mix of 19th century "anything goes" industrial 
~ "' growth and 20th century technology. In some 
~ cases the results have been devastating. 
~ z Consider the Mexican border towns where 

Professor Benjamin Liu in a lab that he oversees. American tennis shoes, among other items, are 
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manufactured at a fraction of what it 
costs to make them here. Toxic 
chemicals and other manufacturing 
waste are dumped into ancient sewer 
systems, or worse, straight into rivers 
and streams. Unusually high dusters 
of deformed children are being born 
in this "maquiladora" sector of 
Mexico, and activists on both sides of 
the border are pointing fingers at the 
American-owned factories. 

Regions like this are prime markets 
for technology that can prevent and 
clean up ecological contamination, 
say environmental technology 
experts. In fact, Mexican officials 
report having increased spending on 
environmental technologies and 
services from 51.7 billion in 1990 to a 
projected $2.2 billion this year and 
$25 in 1995, according to the Seattle 
Times. America leads the world in 
environmental technology, from 
water purifying processes to smoke
stack emissions abatement to toxic 
waste dean-up methods. It is cur
rently a $270 billion a year global 
market and may expand to $400 
billion by the end of the decade, 
according to the Times. 

The U.S. Commerce 
Department has 

Minnesota, vvhich is recognized 
as a leader in the development 
and manufacture of pollution 
control devices and processes, 
according to Ronald Kramer, 
director of the United States 
Commerce Department's Minne
apolis office. According to the 
Minnesota Trade Office, the state 
has more than 300 companies 
involved in developing environ
mental technologies for export. 
They range from highly technical 
energy controls for increased 
fossil fuel efficiency, manufac
tured by Honeywell, to relatively 
simple water treatment processes 
developed by the T1vin Cities' 
Lemna Corporation. 

Much of the research on environ
mental technology is coming out of 
the University's laboratories in the 
form of devices that can measure 
emission levels, prevent pollution 
from being produced in the first 
place, or treat the problem at the end 
of the smokestack or wastewater 
pipe. 

Whatever the technology, it will 

LIU SAYS THAT OFTEN 

Walter Maier standing next to the 

says Karin Nelson, international 
trade and environmental industry 
adviser for the state trade office. 

"For example, Eastern Europe is 
huge ... but what the actual possibili
ties are in getting paid for environ
mental technology sent there is a 
whole different story," she says. 

Liu agrees, but says that often 
"new" environmental problems can 

be solved using rela
tively inexpensive 
"old" technology simply 

promised to boost 
United States imports 
of environmental 
technology any way it 

''NEW" ENVIRONMENTAL PROBLEMS 
by looking at the 
problem in a new light. 

can. The Overseas 
Private Investment 
Corporation plans to 
establish an environ-

CAN BE SOLVED 

USING RELATIVELY INEXPENSIVE 
11 

OLD" TECHNOLOGY 

"It's intellectual 
application of an old 
process," he says. 

For example, there's 
nothing new about 
using oxygen and 

mental investment 
fund, combining 
federal and private 

SIMPLY BY LOOKING AT THE PROBLEM 
bacteria to purify water. 
In nature, water utilizes 
bacteria to rid itself of 

capital, to provide 
equity for U.S. envi-
ronmental projects 
abroad. And environmental technol
ogy was one of the topics discussed 
at the International Symposium on 
Trade and the Environment held at 
the University in November. 

Promotion of environmental 
technology is of particular interest in 
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IN A NEW LIGHT. 

have to be cost effective if it is to 
make inroads into some of the 
world's most polluted nations. 
Eastern Europe, Asia and Latin 
America offer the biggest markets for 
environmental technology but are 
not likely to be in the market soon, 

contaminants. But 
bacteria need oxygen to 
thrive and often oxygen 

levels can't be maintained when 
massive amounts of artificial con
taminants enter the system. That's 
why University Civil and Mineral 
Engineering professors Walter Maier 
and Michael Semmens are looking 
for ways to get as much oxygen as 



possible to the bacteria. 
Traditionally, that oxygen can be 

supplied by pumping large volumes 
of it directly into the water. It's 
effective, but high volume pumping 
creates bubbles. Toxins such as 
heavy metals often attach themselves 
to these bubbles before the bacteria 
have a chance to break down the 
contaminants. The bubbles 
rise and evaporate into the 
air, creating airborne 
pollutant problems. 

"Once you transfer 
that air into the 
atmosphere, you've 
transferred a water 
pollution problem 
into an air pollution 
problem," says 
Maier. 

It's a tough prob-
lem, but Semmens has 
helped develop a device 
that may help solve it. It 
looks like a bunch of un
cooked spaghetti, but this "pasta" 
is made from polypropylene and 
polyethylene, and it waves back and 
forth when shaken. These tiny 
hollow fibers, a version of which is 
already known to chemists who do 
gas transfer experiments, are very 
effective at transferring oxygen into 

water. So effective, in fact, that 
during a 12-month test con
ducted at St. Paul's Wastewater 
Treatment Plant, no bubbles 
were formed during the process. 

Bubbleless oxygen transfer 
is more efficient, dissolving 100 
pounds of oxygen for $21, as 
opposed to roughly $30 for 
other oxygen pumping methods, 
according to Charles Gantzer, 
who with Semmens owns and 
operates a Minneapolis environ-

~ mental technology company ... 
~ called Membran Corporation. 
..;;; The membranes have proven 
.::! z effective at breaking down 

creosote waste in Montana and 
the next big test will be this 

winter in St. Louis Park, Minnesota. 
There, Membran and the Minnesota 
Pollution Control Agency will 
attempt to stimulate bacterial growth 
in an aquifer that contains creosote 
contamination from an industrial 

site. 
Stimulating bacterial growth 

around landfills and other polluted 
areas could also help protect ground
water, says Maier. Later this year the 
researcher will test a "bio-barrier" 

system near Bemidji, Minn., where 
groundwater contamination is a big 
problem. By injecting oxygen and 
perhaps nutrients into these gravel 
barriers, he hopes to create the kind 
of bacteria that will break down toxic 
chemicals such as benzene and vinyl 
chlorine. In addition, the barriers can 
help stop the migration of methane 
from landfills where it is produced 
through anaerobic digestion. Captur
ing methane would be an added 
bonus; while breaking down, the gas 
creates enzymes that biodegrade 
other chemicals, according to Maier . 

"The technology is really an 
extension of the natural purification 
process of water," says Maier. 
"We've built on that to get more 
rapid cleanup." 

Hollow membranes, bio-barriers 
and even steam injection represent 
ways of cleaning up air and water in 
a relatively small area. But Univer
sity mechanical engineering profes
sor Peter McMurry knows that 
pollution isn't always locaL 

McMurry specializes in measur
ing particulates in the air

those pollutants that can 
dim the awesomeness of 

the Grand Canyon and 
influence global 
warming. 

Pollution 
control experts 
looking for ways to 
reduce particulate 
emissions have to 
know where they 

come from and what 
they are made up of. 

McMurry helped 
develop a device called the 

"Condensation Nucleus 
Counter" to answer those 

questions. The device, about the 
size of a dormitory refrigerator, can 
measure particles down to the 3-12 
nanometer range-electron micro
scope territory. 

"There was no way to measure 
particulates this size before this 
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device was developed," says McMurry. 
As particles enter a chamber, they are saturated with 

butyl alcohol vapor, which is cooled so it becomes 
supersaturated. This causes condensation to occur, 
enlarging the particles one thousand times. That's large 
enough for the naked eye to see. By studying these 
particles, McMurry and his colleagues hope to under
stand the processes that determine the rate at which the 
particles are produced. Such data will provide a view of 
the global impacts of particulate emissions. 

"We are moving to the step where we can bridge the 
gap between molecules and particles," he says. 

The device was commercialized two years ago and 
McMurry has used it to measure particulates in several 
spots on the globe, including the Arctic, Hawaii and the 
Colorado Rockies. Because air pollution knows no 
boundaries, the researcher says such measurements will 
become even more important as countries look for ways 
to cooperate on environmental protection. 

"I think these are questions that will receive increasing 
international attention." 
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pit I I s: 
Patents 
~and 

Technology Transfer 

by Tamara Lubic, 
Technolog Associate Editor 

G ood ideas can travel a long way, but sometimes it's 
better to keep them at home. In the international 

marketplace, deciding when to share ideas, products, or 
technologies, with whom, and at what price requires a 
complex formula. 

One way to spread good ideas around is technology 
transfer, the process of transferring ownership of intellec
tual property (a patent or copyright for example), from 
one source to another, usually via licensing. 

Michael Moore, communications director for the 
University's Office of Research and Technology Transfer 
Administration describes a license as a legal contract or 
agreement that gives the buyer rights to commercializa
tion in exchange for remuneration to the seller. There are 
many types of licensing agreements, with remuneration 
ranging from direct financial return such as royalities or 
a lump-sum fee to a research development agreement, in 
which the buyer helps fund specific types of research in 
exchange for the rights to commercial use of any prod
ucts or technologies arising from that research. 

At research universities like Minnesota, which was 
ranked 9th among U.S. universities in 1992 with 32 
patents granted, technology transfer usually refers to 
collaborations between the university and private 
industry. 

The Bayh-Dole Act of 1980 gave universities the right 
to negotiate exclusive licenses with companies for 
inventions developed out of federally-sponsored re
search. According to Moore, universities must, however, 
consider all interested companies in negotiations, includ
ing smaller ones, and companies that license a product to 
be sold in the U.S. must manufacture the product in the 
u.s. 

In non-university markets, technology transfer may 
mean licensing a patent from one company to another, 

or, at the international level, from one country to another. 
In his book Technological Collaboration in Industry, 

Mark Dodgson writes, "The internationalization of 
private-sector technology and its significance on a world 
scale has led to 'techno-globalism,"' with an accompany
ing increase in research and development collaboration 
and multinational marketing strategies. 

However, Moore says the decision to transfer technol
ogy across nation/state borders is complex because it 
affects national economies and market competitiveness. 

He says a good local example of the technology trans
fer decision-making process is Taxi 2000, the personal rail 
transit (PRT) system developed by former Mechanical 
Engineering Professor J. Edward Anderson. 

In June the Illinois Regional Transportation Authority 
(RTA) voted to award an $18 million contract to a team 
comprised of the Taxi 2000 Corporation and Raytheon 
Company, which agreed to invest $20 million of its own 
money to build a Taxi 2000 prototype. 

The July issue of ORTT A's newsletter, Research 
Review, reported that "Raytheon had determined that 
PRT was one of very few technologies that could occupy 
its Missile Systems Division if defense contracts de-
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the owner, make, use or sell the inven
tion covered by the patent during the 
time the patent is in force. This right 
may be sold or licensed to others." 

Governments encourage organizations 
and individuals to protect and license 
their intellectual property for profit, 
publicity, and the public good. 

But in the U.S., patent law is based on 
the person who is first to invent. If two 
people apply for a patent on the same 
invention, the legal system allows the 
Patent and Trademark office to deter-

"' ~ mine who was first by examining 
,.t; 

~ laboratory and/ or research records. 

;liJ.llil,~~'.llilili!~ .8- In the rest of the world, with the excep-
l~~~._llA~~~~~~~~~~~~~~~~~:::t _ _:::J § tion of a handful of countries, "first" 

Michael Moore, of the Office of Research and Technology Transfer. means first to file for a patent. And the 

creased significantly. The company estimated the 
potential worldwide PRT market at $100 billion." 

Moore says that Japan, the Philippines and the Nether
lands expressed interest in licensing the Taxi 2000 
technology, but both Anderson and the University, after 
lengthy consideration, felt that it should stay in the U.S. 

He notes that at some point, Raytheon may opt to sub
license Taxi 2000 internationally. Like licensing, sub
licensing agreements can vary but often refer to selling 
marketing rights to a product or technology and dividing 
the profits. 

Grady Frenchick, adjunct associate professor in the 
University of Minnesota Law School, and an attorney 
with the Madison, Wis. law firm Stroud, Stroud, Willink, 
Thompson, and Howard, says that with increased 
globalization, "national boundaries are essentially 
disappearing." 

However, William Brustein, director of the Center for 
European Studies and associate professor of Sociology, 
says the visibility of borders and boundaries depends 
largely on the state of national economies. 

He says, "In times of economic problems, there is a 
tendency towards protectionism. As economic problems 
continue, we're going to see a slowdown in terms of our 
willingness to transfer technology." 

Research and development takes time and money; 
organizations, institutions, and nations with significant R 
& D investments need to continually weigh the advan
tages and drawbacks of technology transfer. 

Another complication is inconsistency in the patenting 
process throughout the world. The Minnesota State Bar 
Association defines a patent as "a government grant to 
an inventor which gives him the right to take legal action, 
if necessary, against others who, without the consent of 
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rest of the world, under the auspices of 
the World Intellectual Property Organization (WIPO), is 
asking the U.S. to change its system so that it "harmo
nizes" with that of other countries. 

Some opponents of harmonization view the issue as 
one of big business versus the individual (or small 
company), because large organizations tend to file for 
patents on virtually any development that has potential 
for commercialization, and they have the staff and 
money to stay on top of the paper-pushing process. 

In an editorial in the July 19, 1993 issue of Barron's, 
Thomas Donlan describes the first-to-invent principle as 

'I " ... OUR OWN TECHNOLOGY GIVES 

US AN ABILITY TO MAINTAIN AN 

ECONOMIC ADVANTAGE 

WORLD." 

IN 

WiLLIAM BRUSTEIN 

THE 

"protecting people who are not well-versed in the patent 
filing system and who may have trouble coming up with 
thousands of dollars in fees for every bright idea." 

Controlling intellectual property rights internationally 
is difficult, and the stakes are high. In 1993 the U.S. 
Chamber of Commerce published a report titled "Europe 
1992: A Practical Guide for American Business." It 
summarizes the progress and direction of the European 
Community single market program and its implications 
for U.S.-EC trade. 



One of the controversies involves private ownership 
vs. public access. Summarizing developments in intellec
tual property law, the report states that "in March 1993, 
the European Telecommunications Standards Institute 
(ETSI), the European standards setting body responsible 
for developing European telecommunications standards, 
adopted a policy which favors public access to technol
ogy over intellectual property rights. This policy threat
ens U.S. industry's control of its intellectual property." 

The report adds that "U.S. companies such as IBM, 
Digital Equipment and Motorola that spend billions of 
dollars on research and technology face expropriation of 
their R & D investments." 

Within the computer world, the report states that "The 
Business Software Alliance estimates that illegal copying 
of software in Europe cost U.S. companies $4.5 billion in 
business in 1992." 

But if national revenue is one consideration in trade 
and transfer, expenditures are also noteworthy. The 
March 1993 issue of "USA Today" reported that the 
International Monetary Fund disbursed approximately 
$5,000,000 throughout Eastern Europe in 1991, and the 
U.S. alone provided almost two billion dollars in aid to 
East European governments in 1990 and 1991. Promo
tion of free markets in new democracies is a goal that 
U.S. government and trade officials generally espouse. 

But the willingness to assist generally stops short of 
transferring technology. In his book, Dodgson notes that 
given today' s communication technologies and move
ments towards regionalized economies (like the EC), 
globalization of technology is not happening as fast as 
some might expect. In fact, he cites a study released in 
1991, of the technological activities of 686 of the world's 
largest manufacturing companies; it found more than 80 
percent of those activities were domestic. 

Dodgson writes, "In every industrialized nation the 

economic standard of living and the social quality of life 
depends crucially upon the way industry uses technol
ogy to enhance competitiveness." 

CES Director Brustein agrees. He says, "With the Cold 
War over, one would think ideological differences are 
reduced, and we'd be willing to give China or whomever 
our technology. But our own technology gives us an 
ability to maintain an economic advantage in the world." 

He adds, however, that economic impact can be 
measured more than one way. Regarding the globally 
explosive issue of immigration policy, he says, "If you 
really want to stop the flood of immigrants from LDCs 
[less developed countries], you've got to help develop 
economies. Technology transfer may help achieve this." 

NOTE: Information about the University of Minnesota 
Office of Patents and Licensing and its procedures, the 
patent process, related policies, and the rights and 
obligations of Unversity inventors may be obtained by 
calling 624-0550. 

Sources: 

Moore, Mike. Interviews, Oct. J 2, Oct. 23 and Nov. 30, 1993. 
Frenchick, Grady. Interview Nov. 3, 1993. 
Brustein, William. Interview Nov. 3, 1993. 

Research Review Office of Research and Technology Transfer 
Administration, University of Minnesota, June 1993. 

Research Revi~ Office of Research and Technology Transfer 
Administration, University of Minnesota, July 1993. 

Research Review, Office of Research and Technology Transfer 
Administration, University of Minnesota, August 1993. 

Invention Disclosure Form, Office of Patents and Licensing, University 
of Minnesota. 

Thomas G. Donlan, "Don't Kill the Umpire: Nurturing Invention 
Requires an Adversarial Patent System," (Editorial Commentary), 
"Barron's," July, 1993. 

James Bovard, "Washington's Iron Curtain Against East European 
Exports," "USA Today," March 1993. 

European 1992: A Practical Guide for American Business, The 
International Djvision, U.S. Chamber of Commerce, 1993. 

"Patents, Trademarks, and Copyrights," (brochure), Minnesota State 
Bar Association, 1976. 

Tamara M. lubic is extremely interested 
in how people decide what is right, 
wrong, or unavoidable. A journalism 
graduate student with a minor in Bio
medical Ethics, she sees a writing caree1· 
as a way of getting answers. 
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I n the early 1980s, Japan's 
Fifth Generation Computer 

Systems project was the focus 
Talking About 

projects spent more on 
computer research than did 
the Institute for New 

of an avalanche of publicity 
and was a symbol of America's 
anxiety over Japan's growing 
economic and scientific prow-
ess. Both America and Europe 
were so worried that they 
initiated similar research 
projects of their own. But when 

Gen 
y 
ration 

Generation Computer 
Technology (ICOT), the 
group which organized 
Japan's Fifth Generation 
project 

Prior to the Fifth Gen
eration project, historians of 
technology had divided the 

Japan's 10-year, $500-million 
project came to an end in 1992, 
there was the widespread 

by Peter Kauffner 
history of electronic comput
ers into three generations. 

feeling that the Fifth Generation was computing's "lost 
generation." 

The Fifth Generation project gained wide publicity as 
the result of a book by Stanford professor Edward 
Feigenbaum and writer Pamela McCorduck called The 
Fifth Generation. The book warned that the Japanese 
intend to build computers with which "users will be able 
to speak in everyday conversational language, or show 
pictures to, or transmit messages by keyboard or hand
writing." Moreover, "the intelligence will be greatly 
improved to approach that of a human being." 

Four major research projects were initiated in response 
to Japan's efforts, including Britain's Alvey project and 
the European Community's ESPRIT project. The U.S 
response consisted of the Strategic Computing Program 
funded by the Defense Advanced Research Projects 
Agency (DARPA), and Microelectronic and Computer 
Center, a consortium of private U.S. companies head
quartered in Austin, Texas. Ironically, each of these 
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First generation computers 
built in the 1940s and 1950s contained thousands of 
vacuum tubes which were used as logical switches. The 
1960s was the heyday of second generation computers in 
which the vacuum tubes were replaced by solid state 
transistors. Third generation computers first came on line 
in 1965 and used integrated chips. Such chips contain 
numerous transistors and other circuit elements on a tiny 
silicon wafer. 

According to ICOT, the use of very large-scale integra
tion (VLSI) chips made the 1980s the era of fourth 
generation computers. A VLSI chip has several million 
circuit elements. A hypothetical fifth generation machine 
would use parallel processing architecture, logic pro
gramming, and artificial intelligence applications. 

Mainstream computers today have a central processing 
unit (CPU) which performs computations one operation 
at a time. Parallel processing involves the use of many 
processors performing calculations at the same time. The 
Fifth Generation project designed an operating system 



for parallel processing computers called PIMOS which 
works on a 64-processor machine. A machine with 256 
processors was also built. Ambitious plans for a 1000-
processor machine were not achieved by the 1992 
deadline. 

LOGIC PROGRAMMING 

The decision to use logic programming was perhaps 
the most controversial one of the project. In LP languages 
like Prolog, the programmer supplies a series of relation
ships among objects and the program then determines 
whether a given statement is true or false under the 
given conditions. This contrasts with imperative lan
guages like C where the programmer directs the com
puter to perform a series of operations in a particular 
sequence. 

Supporters claim that LP is easier to learn and use, but 
critics charge that it produces inefficient algorithms 
unless the programmer is 

shift to an entirely new and unfamiliar standard. As 
Feigenbaum himself admits, ICOT "achieved their 
technical goals, but they never got the industry interested 
in logical programming. It's like they threw a party and 
nobody came." 

ARTIFICIAL INTELLIGENCE 

Artificial intelligence is the use of computers to simu
late functions of the human mind. Of course, you can't 
necessarily tell whether a programmer intended to 
simulate the mind by simply looking at the finished 
program. But the semantic problem need not concern us 
here. The Fifth Generation project focused on a branch of 
AI called "expert systems." Not coincidentally, expert 
systems were pioneered by Fifth Generation booster 
Feigenbaum. 

An expert system is a database with a search or inter
face procedure that attempts to simulate the thought 

processes of a human 
highly skilled. LP suffers 
from its image as alan
guage form with applica
tion only to artificial 
intelligence. Worse yet, 
ICOT used a highly 
specialized form of LP 
called concurrent LP. So 

ICOT ''ACHIEVED THEIR 

expert. The Fifth Genera
tion project produced a 
legal expert system called 
HEUC-H. This program has 
two search procedures or 
"inference engines," one to 
find relevant statutes and 
the other to look up case 
precedents. 

TECHNICAL GOALS, BUT THEY 

NEVER GOT THE INDUSTRY 

INTERESTED IN LOGICAL 
even companies with 
expertise in LP may find 
that the software solutions 
developed at ICOT are 
remote from their experi
ence. 

PROGRAMMING." In the early 1980s, expert 
systems were all the rage, 
especially after research 
indicated that some expert 

EDWARD FEIGENBAUM 

As C gains ground as the 
international programming standard, the attraction of LP 
may decline even if it can be demonstrated that LP is 
technically superior. The standard "qwerty" keyboard 
and VHS videotape are examples of how industry may 
adopt a standard that is demonstrably inferior. 

A company can develop software in C secure in the 
knowledge that its future programmers will be able to 
read and maintain the software without specialized 
training. Developing software in C also allows a pro
grammer to plug into the largest pre-written library of 
software available. LP needs to integrate smoothly with 
Cor it will lose ground commercially. Quintus, the 
developer of Prolog, has attempted to meet this need by 
developing a C-like macrolanguage that compiles into 
Prolog. 

Certainly programmers of the future will want more of 
a natural language interface than C can supply, but 
change is more likely to come as a result of incremental 
improvements in established languages rather than as a 

medical systems could give 
more accurate answers than 

specialists in the field. Of course, you can get an even 
more accurate answer by looking it up in the appropriate 
reference book In recent years, computer scientists have 
become increasingly skeptical that an expert system can 
really do much that can't be done just as as well by a 
plain old database. 

Only a few years after the Fifth Generation project 
began, expert systems and parallel computing fell out of 
favor with Western experts, who became convinced that 
neural networks and massively parallel machines were 
more promising research areas. ICOT stuck to its original 
priorities, however. 
Of course, HELIC-II has some extra bells and whistles 

not found on other legal databases. For example, it can 
look up cases according to the legal reasoning used. 
"These engines draw all possible conclusions and output 
them in the form of inference trees. Users can then use 
the trees to construct arguments in a legal suit," accord
ing to Katsumi Nitta, a member of the design team. 
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JAPANESE SCRIPT 

The complexity of Japanese script helps to explain 
Japan's interest in artificial intelligence. Japanese chil
dren spend significantly more time learning to read and 
write than do the children of other nations, yet the level 
of reading skills in Japan is lower than in other industri
alized nations. "Even in England, where the most time is 
spent on this, a child masters reading and writing in five 
years. But in Japan, even after six years in elementary 
school and three years in middle school, a student still 
cannot read a newspaper satisfactorily," as the noted 
linguist Kindaichi Haruhiko observed in 1957. There is 
more per capita publishing in Japan than in any other 
society in the world, but what the typical Japanese 
person reads is "manga," books that contain mainly 
graphics and very little text. 

Japanese students must learn three separate scripts, 
native alphabetic scripts called "hiragana and katakana" 
and a set of Chinese characters, called "kanji," which 
represent words. There are over 6,000 kanji characters in 
the Japanese Industrial Standard, and nearly 3,000 of 
them are classified as "high frequency." Putting such a 
large character set on either a typewriter or a computer 
keyboard is scarcely practicaL As recently as 1984, it was 
reported that 90 percent of documents in Japan were 
handwritten. Even journalists turned in handwritten 
stories. 

In theory, all Japanese words can be written using 
hiragana and katakana. Kanji is used to convey differ-

Sources: 

ences in meaning between certain homonyms. But script 
reform efforts to promote the use of alphabetical script 
and limit the use of kanji have had only limited success 
due to the widespread belief that kanji gives an addi
tional meaning that is lost when alphabetical script is 
used. 

In the last several years, the use of personal computers 
has grown dramatically due to improvements in Japanese 
word processing software. But this software is still quite 
awkward to use. What Japan's technocrats really want is 
a voice processing computer that can produce the stan
dard mixed hiragana-katakana/kanji output. The factors 
that determine when it is appropriate to use which 
characters are so complex that this task is well beyond the 
capabilities of current computers. This is why Japanese 
leaders are so keen for a technological breakthrough in 
this area. 

The computer industry has matured to the point where 
the radical" generational" improvements that occurred in 
the 1960s are no longer a useful model for further devel
opment. Witness the fact that the fourth,VLSI, generation 
of computers is the result of gradual improvement of the 
LSI technology used in the 1970s. Today the watchword 
is incremental improvement. Parallel processing, LP, and 
artificial intelligence are all useful avenues for future 
research. But a radically new machine would mean 
junking standards in which a great deal has already been 
invested. 

Cross, Michael, "Farewell to computing's fifth generation," New Scientist, June 13, 1992: p. 12. 

Feigenbaum, Edward A. & Pamela McCorduck, The Fifth Ge!)eration: Artificiallntellig~nce am:U<Wan's Computer Challange to the 
World. Reading, Massachusetts: Addison-Wesley Publishing Company, 1983. 

Kowalski, Robert, "Communications of the ACM," March, 1993: p. 54. 

Unger, J. Marshall, The Fifth Generation Falla ex_: Wl"\)'_@van is Bettjng_ij:_s Fut)d.t:e on Artificial_Intei(igenc_t:, 
New York: Oxford University Press, 1987. 

Computer Science senior Peter !<auffner is 
currently interning at the National journalism 
Center in Washington, D.C. After he graduates in 
June, he aims to become a Technical Writer. 
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11 J think that probably most of the manufacturers have such a car 
in their drawer." To Prof. Bill Cunningham, biology teacher 

and environmentalist at the University of Minnesota, the Volvo 
LCP has lost its surprise. 

The LCP stands for Light Car Project, an experimental car 
designed in the late '70s after the oil crisis. With falling gas 
prices, the project was abandoned. But now, fuel efficiency is big 
news agam. 

ste" 
by Josef Zens, for Techno log 

Cunningham has been showing a video starring the LCP quite often to different 
classes. Using composite materials and a special German engine, the Volvo LCP 
averages 60 miles per gallon. Its three-cylinder "Elsbet engine" runs on diesel fuel 
but the video causes a lot of "Wows" when the Swedish engineer who developed 
the car, pours salad oil in the tank. The "Elsbet engine" can run on a variety of 
fuels. 

Only four of these cars were built by Volvo. There was simply no market for 
fuel efficient vehicles. Neither in Europe nor in the U.S .. 

"The fuel economy of new light-duty vehicles (automobiles, pick-ups and vans) 
now appears to be stagnating and even declining, after rising from about 14 miles 
per gallon in 1973 to 28.7 mpg in 1988," reports Steven Plotkin in the April1993 
issue of "Environment." 

Yet many scientists think it would be possible to build the 80 mpg car that 
President Clinton proposed recently. 

"It's just an extrapolation of current technology," says Prof. David Kittelson of 
the Mechanical Engineering Department at the University of Minnesota. He has 
been working on fuel economy and alternative fuels for about 20 years. The 
apparent lack of incentives to save gas makes Kittelson very angry: "I think our 
(fuel) prices are absurd. We encourage energy waste, and we encourage pollu
tion. We need much higher prices. And it is sheer nonsense to say that the stan
dard of living will decrease when we raise energy prices. Look at the European 
economies." 

The price of gas in Germany is about four times higher than in the U.S. Still, the 
Germans have so many cars that all the country's population would fit into their 
front seats alone. German government officials have talked about raising gas 
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distance and measure thus in terms of liter 
per 100 kilometers- a matter of values. In 
generat U.S. buyers don't go for fuel 
efficiency. According to U.S. automakers, 
quoted in an Oct. 18, 1993 Star Tribune 
article, the ten most fuel-efficient models 
in the EPA ratings, which range from 43 to 
58 mpg, "represent less than two percent 
of all passenger cars sold" in America. 

Still, there is little difference between the 
German cars sold in the U.S. and the 
American fleet. Gas consumption does not 
differ that much, as the EPA fuel economy 
ratings for 1994 show. In fact, in the largest 
category--subcompact cars--the German 
cars sold in the U.S. rate worse (20.8 mpg) 
than U.S.-made vehicles (26.8 mpg). 
However, one must take into account that 
in Germany many cars are sold with more 
efficient engines. They are not as fast as 
their big brothers. 

Compared to foreign cars, the American 
fleet is thirsty for gas. In most of the EPA 
ratings the foreign cars were the most fuel
efficient. And when U.S. cars came in first, 
foreign cars- mostly Japanese- always 
came in second. 

EFFICIENCY VERSUS SAFETY 

·~ The car industry weighs efficiency 
"' '::: against safety. A campaign in the U.S. 
~ indicated that "green (small and thus 

QJ 

~ energy saving) cars will cost lives," as the 
';; New Scientist reported in late 1991. 
~ At this year's Automobile Exhibit in 

at the Mechanical Engineering Department 

1ll Frankfurt, the largest German automobile 
club, ADAC, brought wrecked small cars 
to the exhibition halls. The ADAC had 

taxes even higher-which made the chairman of Opel, 
David Herman, complain to the German weekly Der 
Spiegel: "The government is telling the people 'please, 
don't buy cars."' 

Will this policy stimulate the automobile industry to 
look for more efficient cars? At the International Automo
bile Exhibit (IAA) in Frankfurt the industry was not able 
to meet the goal of Green peace in Germany, that is, to 
deliver a 94.3 mpg car. This odd number results from 
measuring fuel consumption in terms of liters per 100 
kilometers instead of miles per gallon. A telling change of 
denominators. 

Americans are interested in the distance they can travel 
not the amount of gas it takes. On the contrary, Germans 
want to know how much gas they need for a given 

carried out crash tests similar to America's car industry. 
"Of course, it's safer to drive in a tank than in a 
Volkswagen Beetle," says Kittelson, "but energy is much 
too precious to be wasted that way." 

Automobiles, pickups and vans account for about 40 
percent of U.S. oil consumption and 16 percent of total 
energy consumption. According to Bill Cunningham's 
book Environmental Science, energy use per capita in the 
U.S. amounts to the equivalent of more than seven tons 
of oil a year. A two-car family averages 1,010 gallons of 
gas annually, says the Automobile Club of Minneapolis. 
This family relies mostly on the safety of big cars, a 
decision supported by the car industry. 

Kittelson points out that a tiny vehicle sandwiched 
between big cars is more at risk, but if the whole fleet 
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\Vill continue to look for 
big, high performance cars. 
That's why I favor hydro
gen as an alternative fuel," 
he adds. It would be easily 
available and deliver good 
results. He was on a State 
committee for energy 
saving in the 70s. 

Professor Bill Cunningham, from the Genetics and Cell Biology Department, in Blegen Hall. 

Cunningham is also 
concerned about the 
impact on the environ
ment: pollution, carcino
gens and the greenhouse 
effect. Hydrogen engines 
could reduce many of the 
hazardous wastes; the 
exhaust consists of a 
combination of hydrogen 
and oxygen, also known as 
H20 or water. 

downsized and appropriate crash cells- a sort of solid 
cage around the passengers - were installed, a high level 
of safety could be maintained. 

There are composite materials and new structures, too, 
to enhance safety and decrease weight. Aluminum, for 
instance, can be used in engines. But since it is much 
softer than steel, it is reinforced with ceramic particles. 
This composite material is lighter and dissipates heat 
better than steel. In a 

Kittelson is fond of 
hydrogen, too, but in a different way: "It will make a 
wonderful fuel for airplanes, not in cars." He points out 
that hydrogen needs to be stored in cryogenic tanks. 

But he knows of many alternatives to petroleum-based 
fuel: plant oil, lTtethanol, ethanol, electricity. 

Dave Hofeldt, a colleague of Kittelson and a specialist 
in combustion, has done some research on alternative 
fuels in heavy-duty vehicles-trucks and buses. He 

published a ranking 
on criteria such as video serial "Race to 

Save The Planet," an 
engineer lifted a 
wheel of the LCP 
made of the com
posite material with 
his little finger. 

"OF COURSE, IT'S SAFER TO DRIVE IN A 

TANK THAN IN A VOLKSWAGEN BEETLE, 

emission standards, 
cost, safety, influ
ence on the green
house effect and 
performance. His 
findings were 
surprising. Hofeldt 
simply says: "Diesel 
wins." 

BUT ENERGY IS MUCH TOO PRECIOUS TO 

Even with conven
tional materials, 
smaller cars are not 
necessarily more 
dangerous. The 

BE WASTED THAT WAY." 

DAVID KITTELSON 

New Scientist wrote 
in 1991 that between the '70s and '80s, the number of 
people who died in car crashes fell by 25 percent even 
though more people were driving small cars. By 1992, 
traffic deaths reached a 30-year low, according to the 
National Highway Traffic Safety Administration. 

THE NEED FOR ALTERNATIVE FUEL 

Can these numbers convince the public? 'Tm pessimis
tic," sighs Prof. Bill Cunningham. He thinks that people 
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However, he 
qualifies that at 
once: "It was an 

extremely complicated thing [to '>·veigh the criteria]. I 
could change the ranking and could make the answer 
anything you want to." Still, a lot of evidence shows that 
diesel is better than the possible alternatives, Hofeldt 
says. 

ALTERNATIVE ENGINES 

This may be the reason why you don't see many 
alternatives on the road. Hofeldt's research on combus
tion and high temperature flows also shows that engines 



run most efficiently at maximum load. Thus, smaller 
engines running constantly at maximum load could 
power a rather big car. But that would make acceleration 
nearly impossible unless you combine such a small 
engine with a special energy storage device like a battery 
(electric accumulator). This combination is called a 
hybrid engine. 

"WE MUST NOT SEE 

AN ALTERNATIVE FUEL 

MONOLITH !CALLY I If 

DAVID KITTELSON 

Another means to save energy in engines is via fly
wheels. In Switzerland the government experiments with 
fly- wheels in buses to store energy. There are stations 
where the fly wheels are set into high speed rotation. By 
going downhill they can be accelerated and thus be 
recharged. That energy is then used to help the engine go 
up the next slope. 

As Andrew Beevers reported in the May 2, 1985 issue 
of "The Engineer," the British vehicle manufacturing 
company Leyland experimented with flywheel hybrid 
engines. Their flywheels were made of composite mate
rial: fiber reinforced plastics. The 160 kg (nearly 353 
pounds) flywheels run at 16,000 rpm. By 
slowing down, the 460 mm diameter 
flywheel produced energy at a rate of 
160 kw- "equivalent to the output of a 
210 hp diesel engine," Beevers wrote. 

He described another Leyland device, 
the continuously variable transmission 
(CVT). This "sort of 'gear box' with an 
infinite number of gears transmits 
energy from the flywheel to the wheels 
of the bus and vice versa." When the bus 
brakes, energy is added to the flywheel 
by accelerating it. 

braking energy via a transmission attached to each 
wheel. This transmission delivers the energy of the wheel 
to a "hydraulic motor-dash-pump," explains Kittelson. 
This "motor I pump" can be run either as an engine or a 
pump, thus either helping to accelerate or brake. 

Most parts of the system already exist. Hydraulic 
engines are used in power steering, and not just in cars; 
the pilot of a 747 jet needs strong power steering to move 
the flaps. This is achieved by hydraulic engines and 
hydraulic accumulators, explains Kittelson. 

Transmissions based on liquids are known as hydro
static transmissions. Their main advantage is infinitely 
variable speed. 

Electric motors are infinitely variable, too. Big diesel 
trains in the U.S. are driven by electric motors which are 
powered by generators. The diesel engines drive the 
generators, says Kittelson. Here, energy set free by 
braking could be stored, too. 

Regenerative braking devices work best fit for stop
and-go urban driving. But with an accumulator full of 
energy, a small engine could also handle highways. Both 
Kittelson and Hofeldt stress that big engines often run 
below their optimum. 

But all of this would require a major change in society, 
"a fundamental restructuring of our economy," says 
Kittelson. 

"We must not see an alternative fuel monolithically," 
he stresses. There would be a whole patchwork of 
different systems according to factors such as purpose, 
availability or climate. In the midwest, with its rich soils, 
the fuel used could be methanol or plant-based ethanol. 

Kittelson worked with his students on 
another kind of regenerative braking 
and hybrid engine, the hydraulic one. 
Instead of heating up and wearing 
down-that is, adding energy to-brake 
discs, a high pressure liquid is pumped 
into a container and compresses a gas 
behind a flexible membrane. This 
"hydraulic accumulator" stores the 

Graduate students Eivind Stenersen and Chen control the engine's 
condition to measure its performance and emission exhaust. 
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The Minnesota government acquired 30 alternative 
fuel vehicles (AFV) for the state motorpool, says 
Michael K. Roelofs from the Department of Public 
Service. But this department runs a fleet of more than 
1300 vehicles. Roelofs does not believe in major 
changes. Instead, he thinks that by creating incentives 
the government might be able to encourage fuel 
efficiency or alternative fuels; lower sales taxes for 
methanol for example. He doesn't even believe in 
higher gas taxes- "too unpopular." 

So thinks Cunningham. He adds that people don't 
want to believe in the greenhouse effect. Maybe if the 
gas price were fourfold, but not if the government said 
so. "We need a great statesman to convince people," 
sighs Cunningham. Clinton? He smiles: "Unfortu
nately not. We'd need a Franklin Delano Roosevelt- or 
a crisis." 

He grew up in Bavaria, but new Technolog writer 
and Adult Special student in Geography josef lens 
has lived in Berlin the last two years. Herr Zens has 
driven cab in Berlin and has traveled the famed 
autobahn, driving at reasonable speeds at all times. 
Really. 
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IF YOU'RE THINKING 
SCIENCE OR 

ENGINEERING, THINK 
AJR FORCE ROTC. 

College is where your edu .. 
cation in science or engineering 

reaches new heights. 
Air Force ROTC can take that education 

even higher- into satellite, laser or other 
technologies that become the locus of your 

career upon graduation. You may also qualify for 
two- through four-year scholarships that help defray your 
college costs and provide you with $100 each academic 
month tax-free. 

If you're thinking technology, think Air Force 
ROTC. Call 
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------------Diversions 
And you thought Michelangelo was bad news ... 

0 puter 
TED TURNER VIRUS: Colorizes your monochrome monitor. 

PAUL REVERE VIRUS: This revolutionary virus does not horse 
around. It warns you of impending hard disk attack-once if 
by LAN, twice if by C:. 

I D 
~~~=_,,.,.,,...:~® q" 

"' @ D 

ARNOLD SCHWARZENEGGER VIRUS: Terminates and stays 
resident. It'll be back. 

POLITICALLY CORRECT VIRUS: Never calls itself a "virus," 
but instead refers to itself as an "electronic microorganism." 

RIGHT TO LIFE VIRUS: Won't allow you to delete a file, 
regardless of how old it is. If you attempt to erase a file, it 
requires you to first see a counselor about possible alternatives. 

ROSS PEROT VIRUS: Activates every component in your 
system, just before the whole thing quits. 

MARIO CUOMO VIRUS: It would be a great virus, but it 
refuses to run. 

OPRAH WINFREY VIRUS: Your 200MB hard drive suddenly 
shrinks to 80MB, and then slowly expands back to 200MB. 

AT & T VIRUS: Every three minutes it tells you what great 
service you are getting. 

THE MCI VIRUS: Every three minutes it reminds you that 
you're paying too much for the AT&T virus. 

GOVERNMENT ECONOMIST VIRUS: Nothing works, but all 
your diagnostic software says everything is fine. 

NEW WORLD ORDER VIRUS: Probably harmless, but it makes 
a lot of people really mad just thinking about it. 

FEDERAL BUREAUCRAT VIRUS: Divides your hard disk into 
hundreds of little units, each of which does practically nothing, 
but an of which claim to be the most important part of the 
computer. 

GALLUP VIRUS: Sixty percent of the PCs infected will lose 38 
percent of their data 14 percent of the time (plus or minus a 3.5 
percent margin of error). 

LAPD VIRUS: It claims it feels threatened by the other files on 
your PC and erases them in "self-defense." 
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CLEVELAND INDIANS VIRUS: Makes your 486/50 machine 
perform like a 286/ AT. -

TERRY RANDLE VIRUS: Prints "Oh no you don't" whenever 
you choose "Abort" from the "Abort, Retry, Fail" message. 

TEXAS VIRUS: Makes sure that it's bigger than any other file. 

ADAM AND EVE VIRUS: Takes a couple of bytes out of your 
Apple. 

MICHAEL JACKSON VIRUS: Hard to identifiy because it is 
constantly altering its appearance. This virus won't harm your 
PC, but it will trash your car. 

CONGRESSIONAL VIRUS: The computer locks up, screen 
splits eratically with a message appearing on each half blaming 
the other side for the problem. 

AIRLINE VIRUS: You're in Dallas, but your data is in 
Singapore. 

FREUDIAN VIRUS: Your computer becomes obsessed with 
marrying its own motherboard. 
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PBS VIRUS: Your PC stops every few minutes to ask 
for money. 

ELVIS VIRUS: Your computer gets fat, slow, and lazy 
and then self destructs, only to resurface at shopping 
malls and service stations across rural America. 

OLLIE NORTH VIRUS: Turns your printer into a 
document shredder. 

NIKE VIRUS: Just Does It! 

SEARS VIRUS: Your data won't appear unless you 
buy new cables, power supply, and a set of shocks. 

JIMMY HOFFA VIRUS: Nobody can find it. 

CONGRESSIONAL VIRUS too: Runs every program 
on the hard drive simultaneously, but doesn't allow 
the user to accomplish anything. 

KEVORKIAN VIRUS: Helps your computer shut 
down whenever it wants to. 

IMELDA MARCOS VIRUS: Sings you a song 
(slightly off key) on boot up then subtracts money 
from your Quicken account and spends it all on 
expensive shoes it purchases through Prodigy. 

~ STAR TREK VIRUS: Invades your system in places 
"' where no virus has gone before. 
~ 

:E 
;:l 

<.fl 

t:: ... 
,.Q 

HEALTH CARE VIRUS: Test your system for a day, 
finds nothing wrong, and sends you a bill for $4,500. 

0 
c:.:: CHICAGO CUBS VIRUS: Your PC makes frequent 

mistakes and comes in last in the reviews, but vou 
still love it. " 

I 
These viruses were provided compliments of I 
Computer Science Professor Youcef Saad. 



FENNEL's Co111SCIENCE' 

CONTEMPLATES TH[ EMM 
f"E"NNEL Tus:r EoMee:o •• -

rfo! GoNII/l rl'lll T!-lf CLI!~S. 

on the use of Macintosh Computers 

ill Learn How to Type a Report or Create a"R~e~su~m~e:===~~ 
ill Fifteen Classes Every Week near U of M II . ::::::::: • • • 

(fifty-six weekly in metro area) ::::::::' 
ill No Computer Experience Needed fm· Basic ci~;;;;:· 
ill Classes are Two Hours Long and Size is Ll~ited, 

so !.'lease Call Ahead to Reserve Your Spot 
and Receive your Free Class Manual! 

Dinkytown 2 
325 14th Ave SE 

331-3080 

4:00PM Tuesday 
SCfiiii!IER llldwnco<l) 

6:00PM Thesdav 
9:30AM Thursday 
'forms & '[(gers {.!ldvanced) 

St. Paul Camm:ms 
1437 Cleveland Ave IV 

644-8374 

6:00PM Wednesday 
:forms & :Tfyers ('2i_dvanced) 

6:00PM Thursday 
!2:00PM Friday 

West Bank 
227 Cedar AveS. 

338-0307 

12:00PM Wednesday 
6:00PM Wednesday 
6:00PM Thursday 

© Kmko'~ of MN, Inc 

Dinkytown 1 
306 15th Ave SE 

379-8018 

3:00PM Wednesday 
'forms & •J(yers {.!ldvanced) 

6:00PM Wednesday 
6:00PM Thursday 

ll-93 

Stadium Village 
612 Washington Ave S'E 

379-2452 
12:00PM Monday 
6:00PM Monday 
SCI!ItltER !fldvon<O<I] 

6:00PM Tuesday 

IF T+!I-ITS 
If-Iii" K1llfD llf' 

Invest in your future ...... 
explore an engineering 

career with Cargill 

Cargill is a privately held international agricultural and 
industrial processing company. Our businesses range 
from commodity merchandising to poultry and beef 
processing, and from flour and steel mills to feed, 
seed and fertilizer sales. 

We offer entry-level positions to chemical and mech
anical engineers that blend engineering expertise, 
production management and supervision. Our engi
neers become managers of production departments 
or engineering projects, with opportunities to become 
operations managers of production. facilities. 

If you would like to learn more about engineering 
opportunities at Cargill, contact: 

Jenna Anderson #63 
Cargill Incorporated 
P.O. Box 9300 
Minneapolis, Minn. 55440 

cargill Is an !Equal opporrunlty !Employer 
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9 GIS at Your Doorstep: 

1 3 

1 7 

You may Never be Lost Again 
Hate asking for directions? Then go create your own 
maps using Geographic Information Systems databases 
available to U of M students. Tap into information from 
the Census and many other sources to create visuals of 
the kind used increasingly in fields as diverse as banking 
and emergency planning ... or for just getting around town. 

All Steamed Down 
The Mississippi may be cleaner in 1994 than in 
the new emissions-capturing system put in place 
Metropolitan Wastewater Treatment plant works. 
how a little artificial fog might help clean up the 
States' biggest river. 

LINUX: the Free UNIX Clone 
for IBM PCs 

1 99 3 if 
by the 
Read 

United 

When a 22-year-old Finnish computer science student 
started developing a new operating system he may not 
have known how big it would get. "LINUX" is growing 
weekly and you can contribute to its development. 
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About the cover . . . 
Emissions from the Metropolitan Wastewater 
Treatment plant on a 1994 winter day may be 
cleaner than those emitted in 1993. 
Photo by Michael Branscom. 



EDITORIAL 

~ Pushing 
~~the/ 

t 11 o'clock one winter 
night, after toiling 

over another issue of 
Technolog, I called the 
U escort service for a 
walk over to the 
Transitway lot. The 
escort and I got to 
talking. He was all 

~ // 
~ 

Buoyed up, if somewhat 
thrown off kilter, by this tale 
of young love in the nineties, 
I revved up my aged, non
computerized subcompact 
for the drive home. I flipped 
on the radio. 

etiquette 
Envelope 

excited because he was 
going to meet his girlfriend. In person. For the first 
time. 

Well, color me curious. 
He told me the history of their relationship. They'd 

"met"-cybernetically- on a computer bulletin 
board, were so intrigued by each other they "went 
voice" (spoke on the telephone) a couple months 
later. Now they were meeting each other physically. 
Marriage might be in the offing. 

2 ill MINI\"ESOTA TECHNOLOG 

The male voice that greeted 
me was somewhat nasal, and 
friendly. Yes, he said, the 

woman was kind of annoyed when she found out he was a 
man, but she got over it and now they were back to being 
good friends. 

Huh? 
Turns out he, too, was cruising the Net-as a fenule. He 

developed nice friendships with other (ostensibly) women, 
and was hit on periodically by (ostensibly) men. Women, 
having discovered a new bosom buddy, as it were, bared 
their souls to him. And he could girltalk with the best of 



them. Had them fooled. Really-who's to know, these days, just what you 
are when you're filtering your personality through a keyboard. Get the lingo 
down, don't mention certain relationships in your life, and you can remake 
yourself. 

But then he 'fessed up by going voice with her at her insistence. 
I got up the next morning, thinking what I'd heard the night before was just 

an aberration-how common can it be for people to actually trust relation-

,-~------- l 

by Corinna Nelson, 
Editor in Chief 

I 

I 

ships they develop through the Net? Only for computer jockeys, right? 
So I pick up the funnies the next morning, turning to my favorite 

strip-Doonesbury. If any strip in the paper tracks and reflects trends, this is 
the one. 

And there it is. Michael Doonesbury, tapping away at his keyboard, is 
chatting with his dear new Net friend. Actually, Michael's perilously close to 
being cybernetically unfaithful to his long-suffering cab-driving wife. 

Things are going swimmingly for Michael until he mentions the deadly 
word "we" to his Net friend-making he/ she realize he might be married or 
otherwise coupled. Bink! The Net friend logs off. Michael's lost her. Him? 
Turns out Michael was carrying on unwittingly with a long-term gay male 
college friend via the Net 

How many Net cruisers have no clue who they're speaking to? 
I'm intrigued by this concept of being able to remake myself on the Net. I 

can be whatever sex, race, age, nationality or gender I want. I can have 
multiple identities. I can be a stockbroker one day and a phys ed instructor 
the next. 

The problems? How do you develop trust with someone you just type to? 
How do you develop trust with someone you've befriended under pretense? 
Minds can meet but eventually voices and bodies need to as well to develop 
full relationships and friendships. 

Or maybe not. It's the nineties, relationships can come in different varieties. 
Free your mind and your body will follow? Nah. Free your keyboard and sit 
right where you are. ->!<-
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HAPPENINGS 

The 
Dual 

"I don't care what product you suggest. They'll tell you 
they can make it better by putting a nuclear reactor inside it." 

- Marylia Kelley, 

Fals 
Use 

in Livermore, California, commenting on the 
problems of "dual use" technologies. 

Promise of 
echnology 

by Janet Groat 

"Dual use" technology. It's the trendy new topic ofthe post-Cold War era. In case 
you haven't noticed, nuclear weapons are out. Dual use products are in. 

But are they? And are we any safer for it? 
With the election of Bill Clinton, dual use technologies have become a smash hit 

with Washington insiders. Eager to fend off a raid on the Pentagon's $261 billion 
budget, military contractors and their friends in Congress have embraced the dual 
use theory- that is, that government should finance technologies that have both 

military and civilian purposes. 
On the surface, this sounds good. It would seem to fit in with the 

president's stated goal of converting our economy "from a defense to a 
domestic economic giant." 

But when you stop to examine the facts behind the administration's 
dual use/ conversion program, it promises much more change than it 
delivers. 

Just consider the case of a California defense contractor who wants 
to design alternative fuel buses. 

Southern California needs the buses; there's a state mandate to cut 
down on fuel emissions. But unless the contractor can come up with a 

way to demonstrate that the work has military applications, the project 
can't be funded through the new Technology Reinvestment Program (TRP). 

Why? BecausetheTRPemphasizes "dual use" technologies at the 
exclusion or neglect of those that have purely civilian value. That's significant, 

because the TRP is the flagship of President Clinton's new "defense conversion" 
initiative. 

The president has pledged to spend $20 billion over five years on conversion. 
Congress appropriated $1.7 billion in 1993, and a similar amount is expected for 
1994. 

The bulk of the money is for grants to private industry, industry consortia and 
educational institutions to research, develop and deploy dual use technologies. 
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Source: The Military Balance, 1992-1993, CDI, 1993. 

Clinton's initiative represents a significant step forward 
from past administrations, which avoided any mention of 
economic conversion. Clinton deserves credit for bringing 
the issue to center stage. 

But the emphasis on dual use technologies is misguided, 
at best. There is no acceptable rationale for tying our 
nation's research and development priorities so closely to 
the military. 

Today, four years after the fall of the Berlin Wall, the U.S. 
government still spends 60 percent of its Research and 
Development budget on the military-more than any other 
industrialized country. 

The new emphasis on "dual use" severely limits the type 
of civilian technology projects the government will under
take and keeps the existing military industrial complex 
intact. 

The program does little to con vert our military industrial 
capacity from swords to ploughshares. It simply says to 
industry: "We'd like you to make both swords and 
ploughshares now." 

Consider the situation at Lawrence Livermore Labora
tory in California. 

There, nuclear weapons scientists are seeking to demon
strate the use of enriched uranium for fuel in nuclear power 
plants. This is a classic dual use project, because the laser
based method being developed to separate isotopes may 
also be used to enrich uranium for bombs. 

Arabia Korea 

Prepared by the National Priorities Project, Inc. 

The project is opposed by Tri-Valley CARES, a watchdog 
group in Livermore. 

"It will create enriched uranium, which we don't need," 
said Marylia Kelley, an organizer with Tri-Valley CARES. 
"And it will create nuclear waste, which we certainly don't 
need." 

Many of the "dual use" projects promoted by Livermore 
lab pose environmental risks and nuclear proliferation 
risks, she said. 

The laser isotope separation project, for instance, would 
make it easier for Third World countries to develop nuclear 
weapons by reducing the amount of electricity needed to 
make bombs, Kelley explained. This would limit the possi
bility of detection, and could be an incentive to small 
nations to develop nuclear weapons. 

To Kelley, the government's support for "dual use" 
projects means new funding sources to keep weapons
related research alive. 

"The Department of Energy funds this as a nuclear weap .. 
ons activity ... It suddenly becomes touted as' dual use' in an 
attempt to monopolize civilian energy funding," she said. 

"Our group wants to see some of the civilian energy 
funding go to research on nonpolluting energy sources
solar, wind, that sort of thing." 

Tri-Valley CARES advocates a conversion of the labora
tory and its scientists away from military work to research 
that meets society's needs in the post-Cold War era. 
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Direct government investments in civilian technologies 
are more likely to meet society's needs for environmental 
protection, housing and health care than dual use invest
ments, which underwrite military projects and assume 
some "spinoff" benefit will occur. 

However, there is a limit to how much civilian "spinoff" 
is possible from military research. 

In years past, military research spawned the develop
ment of such civilian products as nuclear power, jet air
planes and lasers, to name a few. But as Ann Markusen and 
Joel Yudken conclude in their book, Dismantling the Cold 
War Economy, the payoffs from U.S. military-sponsored 
research have shrunk in recent decades, and have become 
more confined to military projects. 

A more aggressive and sensible response to the conver
sion challenge is to explore what technologies are needed in 
the 21st Century - and what the market is unlikely to 
provide on its own- and to offer government support for 
the development of those technologies and products. 

This is the path advocated by such citizens' organizations 
as Minnesota Jobs with Peace. 

This would force military contractors and laboratories to 
do things in entirely new ways. It would end the cozy 
relationship between military contractors and the Penta
gon. 

It would curb private industry's appetite forforeign arms 
sales by providing better incentives for technologies we 
need at home. 

The challenge would be difficult. But that's what turning 
swords to ploughshares is all about. of< 
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Source: Minnesotans For Domestic Security 

Minnesota jobs with Peace is a nonprofit, 
membership-based organization doing re-
search, education and advocacy to promote 
economic conversion in Minnesota. for further 
information, call (612) 333-7955. 



PERSPECTIVES 

'' HE EDUCATIO 
R® SPOCK'' 

OF 

by Robert Subiaga, Jr. 

cience. It deals primarily with the acquisition of knowl
edge: an endeavor that can bring great insight, but can also 
exploit nature when pursued indiscriminately. 

Technology. It involves the implementation of pre
viously acquired knowledge, butin the hands 
of someone hungry to gain or con
solidate power, it can op
press or destroy. 

Ethics. It deals with the 
degree of right and wrong 
of human actions. When 
bearing on science and 
technology, ethics asks 
what actions in the acqui
sition and use of knowl
edge are to be allowed, 
what actions condoned 
and what actions con
demned. 

When asking what the rela
tionship should be between sci
ence, technology and ethics, the 
response usually falls into one of 
two camps. One insists that sci
ence is a craft, whose limits 
should be determined first by 
traditional ethics. Scientists, 
doctors and engineers do not 
have enough exposure to this, 
and forcing more training in 
this area is the solution. 
The other camp, usually 
composed of old-school 
scientists itself, say this is 
fluff; questions about phi
losophy and ethics are nothing 
but an excuse to "take it easy" rather 
than concentrate on tough technical training. What
ever science can do, it should do, even must do; com
plaints about ethical implications come from an igno-

rant lay public that is frightened and envious of their 
betters. 

It is imperative that scientists combine both logic 
and ethics, and realize that their methods can have an 

impact on ways of thinking about ethics. 
Characters from the old and new versions of "Star Trek" 

help illustrate this. 
Everyone remembers the character formula of that 

show's original crew: McCoy, the 
.. ,.,--., ----o, oh-so-humanly passionate physi-

cian, the vocal curmudgeon. Mr. 
Spack, the Vulcan science officer 
obsessed with eradicating emo
tioninfavoroflogic. And Captain 
Kirk, who relied upon both McCoy 

and Spock, and went outside their de
bate by integrating instinct and rationality. I 

now see the subtle warnings woven into those 
characterizations. Unlike Commander Data's 
rationality in the newer series, Spack's was 
not an innocent matter. Even if he had been 
full Vulcan the issue was not one of being 
without emotions but of repressing them. 
In fact, the desire to be free of emotion and 

the arrogant pride that apparent lack of 
emotion could bring to a Vulcan were 

themselves emotions of great 
power. The blindness of Vulcan 
culture to this simple folly was 
quite laughable, as was their in-

Robert Subiaga, Jr. 

ability to recognize the possi
bility that emotions have a 

"logic" or at least 
a sensibility, of 
their own. 
Scientists have the 
chance to see 
when their meth
ods and inven

tions illustrate the 
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folly of such rigid
ity. 

A case in point 
might be just under 
your nose: a 
vacuum cleaner 
perhaps, or an SLR 
camera or video 
camcorder,or 
maybe even the new 
thermostat on your 
wall-if such a de
vice uses a control 
system employing 
what is called 
"fuzzy logic." 

Fuzzy logic is a 
type of program
ming that was origi
nally developed in 

the United States, but left unutilized until a host of Japanese 
companies started realizing its potential to make extremely 
fine alterations in function. 

To understand fuzzy logic, let's look at how it would 
work in a thermostat. Imagine a thermostat that controls 
both an air conditioner and heater, and the thermostat is set 
to 70 degrees. Now imagine the room you are in is at 72 
degrees. The air conditioner will kick in, right? But all the 
control system knows is: "It's hot." It doesn't vary the air 
conditioner setting any differently because you're dose to 
the desired setting; for all it knows, you're at 100 degrees. 
And so, as the room cools, the air conditioner shuts off when 
you hit 70 degrees. Unfortunately, with the air conditioner 
running full bore until this point, the temperature itself 
doesn't stop dropping until you've overshot the mark a 
little-say to 68 degrees. What happens then is that the 
heater kicks in-at full setting. It also stops when the rising 
temperature hits 70, but overshoots the mark as welL The 
air conditioner starts back up, and a terribly wasteful, 
oscillating cycle keeps going ... and going ... and going ... 
What is the problem here? Simply put, the thermostat is 
dumb. It understands two values: "hot" and "cold." It 
doesn't understand "warm" or "cool/' let alone fine grada
tions of each. It doesn't, but a human being would. That is, 
unless the human being were using traditional notions of 
logic. 

In standard logic, there are simply two values for a 
statement "true" and "false." Traditional computers are 
built around this design: a circuit is either "on" or "off." 
This doesn't mean that there can't be a com plica ted series of 
operations for a system, but it does mean that, at some 
fundamental level, the component of a system is either yes 

8 ® M1"fNESOTA TECHNOLOG 

or no. 
To put it in lay terms, it's a situation in which things are 

black or white, but have no shades of gray. Control systems 
which employ fuzzy logic outperform the old control sys
tems. Making machines that "think" more like the analog 
reasoning of a human being makes those machines work 
better-just as Mr. Spack learned from Kirk and McCoy 
how effective it could be to bluff, guess, estimate, rage, 
intuit, or even reason his way out of the idolatory of rigid 
logic he had been raised to value. 

Fuzzy logic, like many other profound and apparently 
mundane modern developments in science, is not well
addressed, nor well understood, nor seen as relevant in 
modern academic philosophy. 

No one belongs in science, medicine, or engineering who 
does not question or wonder. Where do I come from? 
Where does It All come from? Why are things the way they 
are? How should I conduct my life? How should I interact 
with others? A person's involvement with science is an 
expression of such questions already. And if a host of 
revolutionary ways of looking at the world come out of 
scientific discovery, then we have a responsibility to rumi
nate on them, discuss them at length with each other and 
discuss them in lay terms with the public. Students of 
science should begin such discussions now-not when 
they have a host of awards on their wall, not when they 
have been "properly" schooled by philosophical "experts" 
and not as quiet coffee-shop discussions they are afraid to 
make public. Right here. Right now. 

It is not a question of rights. It is a question of responsi
bilities. oi~ 

Extension student Robert Subiaga, 
Jr. is a Neurology Research Techni
cian. He writes science fiction in addi
tion to writing and doing illustrations 
for Technolog. His first science fiction 
novel to see print, Eyes, will be re
leased this spring. 
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GIS AT YouR DooRSTEP: 

~////////. 

• 
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You MAY EVER 

BE 

LosT AGAIN 
by Jeff D. Conrad 

r:nagine that you need to locate a buried gas line. You will need to know the depth, 
1 ~rientation, and access points of the line. Or imagine that you need to make a map of heap

leaching piles for a mining company. You will need an efficient way to specify the 
boundaries of your piles, and put them into a digital format for superimposition onto a 
property map. Imagine that a large number of people need directions to your religious 
institution. They will want to know the street names and landmark references needed to 
find their destination. 

These are all scenarios that require access to spatial data. They include different categories 
of data organized in an x-y coordinate system. In the paper age, if you needed a digital 
representation of geographic data, you digitized every point yourself with a digitizing table. 
But now hundreds of companies have realized that the market exists for this information in 
a standard digital format Thus U.S. Geological Survey topographic maps, U.S. Census 
Bureau TIGER files, satellite images, and foreign maps are now available on CD-ROM. 
Today, the data you seek might 
already be compiled. 

Consulting and design com
panies rely on this kind of data 
for their "what-if" scenarios and 
construction projects. But Geo
graphic Information Systems 
(GIS) are useful to fields other 
than engineering. The digital 
age has allowed the compila
tion of vast databases of all kinds 
of spatial information useful to 
sociology, history, public plan
ning and legal fields. 

You HAVE AccEss TO GIS 
GIS databases are now avail

able to you. Thanks to the kind 
folks at the Boerchert Map Li
brary (in the basement of Wil
son Library), University of Min
nesota students now have ac
cess to a variety of GIS data-

Elevation Data 

Streets, Roads, Rail 

Rivers, Hydrologic Features 

Buildings, Land use 

User-Defined Data 
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bases including: Ardnfo, !VlapExpert, 
Global Explorer, AUTOMAP, PCUSA, 
PCGlobe, Arc View, A tlasGIS, Map Info, 
DATANET, and a plethora of other 
databases and programs. The center 
also has a color scanner and a digitizer 
for overlaying your mvn data directly 
into programs. 

Using this service is easy. After you 
have signed up for an information ses
sion, you can sign up to use any of the 

Graphic information can be layered - 1\' 

that 1neans on your map of important , 
mill property, you can include land I 
elevation, rivers, the mill and related I 

buildings and the connecting railroads. I 

four PC-compatible or two Macintosh 
computers. The information session summarizes the basic 
application possibilities of the various programs at the 
center. 

Brent Allison, head librarian, says that the amount of lab 
use fluctuates throughout the quarter. The cartographic 
center was funded under a h\'o-year Department of Educa
tion grant, and began in October 1992 to establish a digital 
mapping center at the University. 

Some GIS databases correspond to political boundary 
maps, upon vvhich you can specify values in spreadsheet 
format for different counties, or load previously published 
census data on CD-ROM. 
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The outputs are color gradients corresponding to the vari
ous intensities of the data received. There are a significant 
number of databases already constructed; you can also 
input your own categories. Other databases allow superim
position of road networks, streets, wires, land use, census 
demographics, well locations, hydrologic features, re
sources, and soil types. 

Back to the beginning example-if you're trying to tell 
people how to get to your religious institution for your 
vvedding, you can design a map including all the major 
roads, in a real scale, and in full 24-bit color. Such an 
example can be found on the wall of the GIS lab,. including 
homes of the families, relevant landmarks and religious 

institutions , and you can print it out on their color 
printer for a mere $1 per page. 

Jeff Conrad 



Grand Portage Indian Reservation Three-Dimensional View. Digital Elevation Models constructed by the U.S. Geological Survey along with 
other data sets are used with Arc/Info software for long-range planning, daily operations and cartographic production. 

Used with permission of Carl Hardzinski, Minneapolis Area Office, Bureau of Indian Affairs. 

APPLYING GIS 
Graphic information can be layered; for example, on your 

map of important mill property, you can include land 
elevation, rivers, the mill and related buildings, and the 
connecting railroads. For a contaminant transport study, 
you could superimpose wells (private/municipal), hydro
logic features such as rivers and lakes, and locations of 
nearby industries. 

Using GIS for studies and simulations is convenient, 
because instead of opening up approximately eight maps 
and datafiles simultaneously, you can superimpose several 
files onto one "seamless" map, cropped to the right coordi
nates and scaled to the right zoom factor. A single inte
grated database may consist of the data for an entire state; 
one such database exists for Colorado, consisting of 90 
layers of information such as census data, transportation 
links, soils, environmental hazard areas, contours, rivers, 
lakes, land use, federal and state land ownership, and 
political boundaries. Such a dataset takes about two years 
to make and includes over seven megabytes of data. 

The applications of GIS in engineering and planning are 
growing. In transportation, for instance, the GIS market is 
expected to exceed the average industry growth rate from 
$56 million in 1992 to $136 million in 1997, as federal, state, 
county and city transportation departments convert their 
land and street information into digital format. 

In planning, more controllable GIS systems are used with 

other software to try out several scenarios and quickly 
modify sets of information. This is the goal of a new 
standard for OpenGIS. The goal of such software is an 
object-oriented framework for accessing geographic data. 
Open GIS creates objects out of interrelated data, processes 
and database servers. The goal is to develop a more flexible 
standard, resulting in easier data transformation between 
programs. 

GIS is used increasingly in banking, real estate, emer
gency planning and response, property management, pol
lution control and hazard analysis. In our example, GIS 
could be used to send monitoring crews to the precise 
location of a monitoring port along the pipeline. 

USING GPS WITH GIS 
Global Positioning Systems (CPS) utilize the NAVSTAR 

satellite network and portable computer technologies to 
compute the latitude,longitude and elevation of any point 
in the United States. The technology uses several satellites, 
each of which broadcasts a time marker. The time it takes 
for the time mark to reach the unit is used to compute the 
distance from the CPS unit to the satellite. Triangulating 
several signals gives a three-dimensional coordinate in 
space-time. 

CPS hand-held units have the ability to record, coordi
nate and identify information, making them useful for 
single-person surveys. Recently, portable note-taking 
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devices such as Newton have been enhanced to incorporate 
GPS modules. Back at the office, GPS data can be easily 
integrated into GIS datasets. GPS is also useful for locating 
positions in environments with poor accessibility, or for 
finding surveying reference markers, such as in dense 
foliage or on barren land. 

GEOSP AN, a company based in Bloomington, Minn., 
plans to use GPS technology to digitize street maps and 
capture images of every city in the United States with 
populations of 25,000 or more. Eight hundred thousand 
miles are scheduled to be completed by 1996. The project 
has a total price tag of $50 million, with the returns expected 
to come from the Census bureau and other customers. To 
get the data, workers will drive special CPS-equipped vans 
up and down the city streets until they have obtained 
precise measurements of roadways. 

Like other developing information technologies, there is 
a controversy over the freedom of use of GPS systems. The 
military currently scrambles the signals from the satellites, 
so that real-time positioning is only accurate from 1-lOOm, 
depending on the system used. This scrambling necessi
tates correcting information later for more precise measure
ments, or using base stations, which are corrective GPS at 
nearby known coordinates that broadcast correct time in
formation. The scrambling is for internal security reasons. 
Some military proponents suggest that technologies be in 
place to disable public accessibility to GPS in the event of 
conflict, for the security of U.S. service personnel. 

There is also a debate over the availability of public GIS 
information. Should GIS information compiled by the 
government be sold to taxpayers to recover collection costs? 

The cost of upcoming generations of GPS technologies 
should be reduced enough for mass consumer use in gen
eral aviation, automobiles, and perhaps someday, wrist 
units. The prospects are bright: You may never be lost again . .;;:. 
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Jeff Conrad, a Civil Engineering/Russian Studies 
senior, emerges from cybermapspace periodically 
to perform his duties as President of the .T. Board 
of Publications. 
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I n the 10 years he has worked as an engineer for the Metropolitan Wastewater 
Treatment Council, Steve Greenwood has developed a simple strategy for 

dealing with the sewage produced by citizens of the Twin Cities. 
"All this stuff has to end up somewhere," says Greenwood of the toxins 

extracted from 209 dry tons of sewage sludge treated at the St. Paul facility every 
day. "We'd rather it end up where we can control it." 

That's why Greenwood and his colleagues were distressed when they learned 
that, in fact, they weren't controlling all the waste being handled at the plant, 
which each day treats 226 million gallons of Minneapolis-St. Paul metropolitan 
area waste before releasing it into the Mississippi River. The year was 1987 and 
tests showed that the incinerator smokestacks at the sewage treatment plant were 

producing heavy metals such as cadmium, zinc and lead. The problem 
is that smokestack scrubbers are only effective on particulates that are at 
least a micron in diameter (one micron is about the size of a bacterium 
and 70 microns are the size of a human hair). The heavy metal particu
lates are more on the order of 0.2 microns, difficult to see even with an 
electron microscope. This concerned treatment plant officials. For the 
past 10 years, the plant has produced 0.9 pounds of particulates per dry 
ton of incinerated sewage sludge. The federal limit is 1.3 pounds. 
Greenwood says although the plant is under the standard, there are 
concerns that tighter limits in the future will put the plant over. 

"We're still below the limit, but we'd like to be significantly 
lower," he says. 

Several "common sense" approaches to stopping those tiny 
pollutants from reaching the atmosphere--such as increasing the water 
flow to the scrubbers-proved unsuccessful. Then Greenwood, who has 
bachelor's and master's degrees in engineering from the University of 
Minnesota, went back to school and took Mechanical Engineering 
Professor Benjamin Liu's class in particle control technology. It would 

be nice to say that Greenwood learned 
enough in that class to solve his problem. 
But in fact, the opposite occurred. 

"We realized then that we really didn't 
understand the nature of particulate 
emissions from the smokestacks," the 
engineer recalls. "There's not very much 
detailed scientific work done in this area." 

So Greenwood asked Liu, who is 
director of the University's Particle Tech
nology Laboratory, to do a full-scale 
research project on the particulate problem 
at the plant. As a result, University re
searchers turned the sewage treatment 
plant into a giant laboratory in an attempt 
to find out more about the submicron 

'1!!1..11!1 .. wparticulates produced by incinerators. 
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They not only learned the nature of these tiny pollutants, 
but struck upon an effective, efficient and relatively 
inexpensive way of reducing their release by at least half. 
It's based on a patented technology Liu, a nationally 
recognized pioneer in aerosol science technology, 

submicron air pollution. 
In this case, treatment plant technicians are using the 

excess steam produced by the incinerator as the growing 
medium. The technique is deceptively simple. Sewage ' 

helped develop. Researchers hope it will have 
applications anywhere incinerators are produc
ing submicron pollutants. 

The technology is called "steam injection," and 
according to David Thimsen, a research fellow at 
the Particle Lab, it is almost as simple as the 

"If we completely foul this up, they 
can get it back in service in a day/' 

-jokes Thimsen 
name implies. Under the guidance of Liu and 
Mechanical Engineering Professor Peter McMurry, Jinjun 
Sun, a postdoctorate research fellow in the department, 
studied Greenwood's problem and found that yes, 
indeed, the particulates were too small to be picked up 
by smokestack scrubbers. But instead of modifying the 
scrubbers in an attempt to pick up these micro-pollutants 
- something considered nearly impossible anyway
researchers decided to "grow" the particulates to a 
cleanable size. 

This wasn't totally untrod territory. Environmental 
scientists hoping to get more accurate measures of 
particulate pollutants- the kind that actually make the 
atmosphere look hazy- have "grown" them via butyl 
alcohol injection for several years. As early as the 1890s a 
British scientist developed an airborne particle counter to 
study pollution in London. But Liu says this is the first 
time condensation technology has been used to control 

sludge is the material left over after the waste Twin 
Citians flush down drains and toilets is treated. It is a 
mass of mostly sand and grit that contains such organic 
materials as fats, proteins and sugars. Spicing up this 
stew are concentrated toxins which must be broken 
down through incineration. The problem with incinera
tion is that it can change a solid waste problem into an air 
pollution problem. Environmental scientists have found 
that traditional air pollution control methods only go so 
far in making incinerator emissions benign. 

After the sludge is incinerated at 1,600-1,700 degrees F,j 
the flue gas is directed to a containment area where it ~ 

mixes with water. The water in this "subcooler," as it is 
called, cools the gas down to 70 degrees F, or below the 
dew point. The scrubbers remove all particulates larger 
than one micron, but that is only 10 percent of the total; 
the rest escapes into the atmosphere. As ways of control-

PROCESS FLOW SCHEMATIC WITH STEAM INJECTION 

Wet Sludge Flue Gas 

Air 

:::1 
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ling coarse pollutants become 
increasingly successful, pollution 
control experts have turned their 
attention to these escaping submi
cron particulates . 

• , The most severe air pollution 
:· problems are due to fine particles, 
· says Liu, adding that they often 
. pose the greatest risk to human 

health. 
That's because many of those 

submicron particulates are heavy 
metals, which can be toxic to 
people. Plant officials are particu
larly worried about the amount of 
cadmium that slips through the 
wet clutches of the scrubbers. This 
heavy metal can cause neurologi·· 
cal damage in humans when 
inhaled in large amounts, and the 
Environmental Protection Agency 
has attempted to severely curtail 

Smokestacks emitting flue gas (steam) on top of metropolitan area waste management plant in St. Paul. 

production of it by incinerators. Greenwood says it's 
only a matter of time before those restrictions become a 
reality. 

What University researchers have done is to install 
steam injectors in an exit hole on one of the subcoolers. 
Now when the cooled flue gas leaves the subcooler, the 
particulates in it are also being supersaturated with 
team. Just as dust particles form the core of raindrops in 

nature, the incinerator particulates become the center 
around which the droplets form. The droplets grow until 
they are a thousand times heavier that the original 
particulates. 

I 
"So it's essentially all water," says Thimsen. 
And what do water droplets do when they become 

large? They become a dense fog. The fog droplets are too 
fat to pass through a filter, which is referred to as a mist 
eliminator. As a result, this mass of polypropylene 
(fishing line) causes water droplets to form when the fog 
hits it. The droplets are collected along with the particu
lates contained in the droplets and eventually are 
drained to the bottom of the subcooler, where they are 
sent back to the head of the plant for treatment. Eventu
ally, the treatment produces an ash that can be mixed 
with asphalt to make a harmless road surface or other 
kinds of building material. So, in the end, steam injection 
doesn't eliminate toxic pollutants; it just gives techni
cians control of where they eventually end up. And that's 
the way Greenwood and his colleagues like it. 

A steam injector system has been in operation on one 
of the St. Paul plant's incinerators since December. 
Testing has shown that it reduces submicron particulate 

emissions by 50 to 70 percent. Greenwood says once 
some wrinkles in the system are ironed out, it has the 
potential to remove up to 90 percent of the particulates 
produced by incineration. He and his colleagues will 
spend the next year fine-tuning the system and working 
out such engineering problems as making the mist 
eliminators more efficient. Mist eliminators are crucial to 
the success of the system and researchers are looking for 
ways to reduce the amount of particulate-laced fog that's 
leaking around these filters. The technicians are also 
interested in figuring out the best way to extend the 
period of time the particulates and steam spend mixing 
with each other. The more they mix, the more efficient 
the condensation. However, because the steam injector 
was installed on an incinerator system that was already 
in place, the researchers had limited space in which to 
create a mixing area. It's been a challenge to make the 
best use of the space available, says Greenwood. 

Greenwood and Thimsen concede they took a bit of a 
risk installing the untested technology directly onto a 
working incinerator. However, Greenwood says three 
independent calculations done by Particle Lab scientists 
convinced him the theoretical idea would work in 
practice. In addition, there are certain factors, such as 
running an incinerator at full bore and producing certain 
kinds of particulates, that can't be replicated even in the 
best laboratory experiment. 

"Something like this you really have to go full scale," 
says Greenwood, adding that even if an effective lab test 
could have been conducted, "you'd still have the same 
question about how it's going to perform full scale." 
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Warner Mims, Chief Operator Incineration, stands besides a steam 
subcooler. An employee at the Metro Plant for 17 years, Mims monitors 

subcoolers for temperature and water flow on a computer screen. 

The flexibility of the treatment plant's incineration 
system also made it easier to test the steam injector in a 
real-life situation. There are six incinerators/subcoolers 
in all, making it possible to manipulate one for testing 
purposes without impacting significantly the overall 
capacity of the plant. But best of all, modifying the one 
subcooler was relatively simple. 

"If we completely foul this up, they can get it back in 
service in a day," jokes Thimsen. 

All technicians did was add some piping to redirect 
the steam, a mist eliminator and steam nozzles for 
injection. The steam injector's simplicity makes it an 
amazing bargain in today's world of multimillion dollar 
pollution control devices. It would cost roughly $600,000 
to retrofit all six units with the system, estimates Green·· 
wood. The system is relatively cheap to run because the 
steam it relies on is often produced in excess by the 
treatment plant. The other viable alternative to reducing 
particulate emissions is to install a device called an 
electrostatic precipitator, a device that uses electric fields 
to collect particulates. It is 80 to 90 percent efficient, but 
the price tag is a whopping $10 million. 

Liu says steam injection technology could be useful in 
any situation in which high temperatures are being used 
in waste treatment. In fact, even the fine particles pro
duced by coal-fired power plants could theoretically be 
gleaned from the air by steam injection, he says. 

One day recently, Greenwood and Thimsen led the 
way through the huge labyrinth of pipes and ducts that 
make up the treatment plant's sludge incineration 
operation. They stopped by a large, yellow potbellied 
subcooler, and Greenwood shined a penlight into one of 
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its glass portholes. The beam reflected off a pea-soup fog 
that was laced with toxic heavy metals. Somewhere in 
there were innumerable heavy metal particles that had 
been tricked into forming the nuclei of water droplets. 

The two men climbed the stairs to the roof and opened 
the door onto a scene right out of an environmentalist's 
worst nightmare. The cold weather made the water 
vapors billowing from the six, ice-encrusted incinerator 
stacks look more ominous than they were. But summer 
or winter, invisible toxins do escape from these stacks. 
On this day, the emissions were all a uniform white, but 
because of a miniature rain cloud formation being passed 
through some fishing line somewhere below the roo( one 
of those smokestacks was sending fewer heavy metals 
out over the nearby Mississippi River.· * 
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He just can't get too far from the 
Mississippi. Iowan Brian Devore 
has shifted his sights north to Technolog 
while completing a maste1·s in the 
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the Free U IX Clone 
for IBM PCs 

by Ed Chi 

here's a new computer operating system being developed worldwide which 
may give DOS and Microsoft runs for their money. It's called "LINUX," it's 

free and it has multiple applications. 

LINUX is a UNIX operating system clone for IBM-compatible machines with 
386/486 or Pentium chips. UNIX is an operating system designed at the Bell 
Laboratories of AT&T back in the 1970s. 

UNIX was a landmark in operating system design and implementation. The C 
language was originally designed for the UNIX operating system, so there is a 
strong synergy between C and UNIX. After UNIX was rewritten inC in 1973, it 
could be ported to new hardware in months, and changes became easier. Many 
companies took the source code and modified it to create their own versions of 
UNIX. The development progressed at AT&T for many years, and now its 
version of UNIX is called "System V." The Computer System Research Group of 
the University of California at Berkeley has its own flavor of UNIX called the 
BSD, or the Berkeley System Distribution. 

System V and BSD are the two main versions of UNIX. UNIX now comes in 
an incredible variety of flavors that are being shipped by various computer 
vendors. Unfortunately, most Unices (versions of UNIX) are derived more or 
less directly from AT & T' s proprietary code. Because of this, a royalty fee must 
be paid for each copy of the operating system sold. Luckily, there are also UNIX 
clones: UNIX-compatible systems with no AT&T code. 

Since different Unices are incompatible, the Institute for Electrical and Elec
tronic Engineers (IEEE) has begun standardizing UNIX's features in the specifi
cation called POSIX. 
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ENTER L!NUX 
LINUX is an independent implementation of POSIX 

and contains no proprietary AT & T code. It works only on 
IBM PC compatibles •vith an ISA or EISA bus and an 
Intel386 or higher processor. Most of the programs 
running under LINUX are generic UNIX freeware that 
can be obtained from many pla..:~s around the world. 
LINUX is freely distributable under public license, which 

The number of LINUX users 
could be well over 40,000. 

means it is copyrighted, but can be obtained free of 
charge. All source code is available for free, including the 
whole kernel and all drivers, the software and all user 
programs. 

Because LINUX is free and runs on one of the most 
popular platforms- the IBM PC compatibles-it has 
became one of the best-known Unices available for the 
Intel 386 I 486 machines. 

LINUX was started and mostly developed by a 22-
year-old computer science student, Linus Torvalds, at the 
University of Helsinki in Finland. 
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THE HISTORY OF UNUX 
Linus took a course on UNIX and C in the fall of 1990. 

When he had scrounged up enough money, he bought an 
386 compatible machine to run the commercial MINIX, 
which is another 386 UNIX operating system. Getting 
MINIX was not altogether a pleasant experience, because 
it lacked various features, such as job control, floating 
point co-processor support or memory management. 

At first, Linus experimented with the protected mode 
of the 386 chip, and he wrote a protected mode program 
that printed "Hello world." The protected mode is what 
allowed the implementation of the advanced UNIX 
features. Slowly, the pieces started to come together. In 
about half a year, a virtual memory system was in place 
and version 0.12 was announced. By that time, LINUX 
was a valid alternative to MINIX. 

The name "LINUX" stands for "Linus' MINIX." 

WHAT CAN L!NUX oo? 
LINUX programs include, free of charge, all of the 

basic UNIX commands, GNU C and C++ compilers and 
GDB debugger, GNU emacs, most UNIX command 
shells, news and mail programs, TeX typesetting process
ing system, X Window environment and games. There is 
even an MS-DOS emulator currently in testing that will 
allow you to run DOS programs. 

Additional LINUX features include: 
* Multiprograming: several programs running at once 



*Multiuser: several users on the same machine at once 
*Memory protection between processes, so that one 

program can't bring the whole system down 
* Demand loads executables: LINUX only reads from 

disk those parts of a program that are actually used 
~-Multiprocess: several processes can use the same 

memory to run. When one tries to write to that memory, 
that page is copied somewhere 
else. This feature increases 
speed and decreases memory 
use 

*CD-ROM support: can 
read all standard formats of 
CD-ROM filesystems. 

WHO CAN USE UNUX? 
Anyone with an Intel386SX/ 

16 with more than two mega
bytes of RAM can run LINUX 
with about 60 megabytes of 
hard disk storage space. Since 
no one is required to register 
their copies with any central 
authority, it is difficult to 
know how many people use 
LINUX. 

The LINUX user base is 
large. Several businesses exist 
now that solely depend on selling and supporting 
LINUX, such as SoftLanding Software, InfoMagic, Trans
Ameritech and Clark Internet Services. LINUX news 
groups are some of the most heavily read and posted on 
the Internet. 

Harald T. Alvestrand 

on their way to Antarctica with 14 more on the way for 
other sites in and around Australia. The application is for 
data gathering. The LINUX boxes are attached via serial 
ports to a 'TurboRogue' satellite receiver system which 
monitors the 32-satellite Global Positioning System. Data 
is downloaded from the satellites and stored in a four 
megabyte flashcard in the back of the TurboRogue, and 

from there it is downloaded 
to the PCs. The PCs store the 
data and forward it to a base 
system in Canberra." 

WHERE AND HOW IS UNUX 
AVAILABLE? 

Many bulletin board 
systems carry LINUX distri
butions. A list of them is 
occasionally posted to 
Internet news group 
comp.os.LINUX.announce. A 
Minneapolis bulletin board 
system that carries LINUX is 
Part-Time BBS at (612) 544-
5552. A list of these BBSes is 
contained in the LINUX 
distribution HOWTO, which 
is available by anonymous 
Internet ftp as 

sunsite.unc.edu: /pub/LINUX/docs/HOWTO/distribu
tion-HOWTO, and it is also posted regularly to the 
comp.os.LINUX.announce news group. 

You can ask friends and user groups for a copy of 
LINUX, or order one of the commercial distributions. For 

Internet users, there are 
tried to get an idea of the 
size of the Internet 
LINUX user base. Ac
cording to his registra
tion program, as of Jan. 4, 
1994, there were 4,495 

Anyone with C programming 
expertise can join the project. 

several distributions 
available at 
sunsite.unc.edu:/pub/ 
LINUX/ distributions/. 

Internet users in his counting program. Seventy-four 
percent use LINUX at home and 25 percent at work. 
There are LINUX users from Iceland to South Africa. 
Since many of the users get their copy of LINUX through 
bulletin board systems, the number of LINUX users 
could be well over 40,000. The number is growing fast. 
The Australian Surveying and Land Information Group 
in Canberra uses LINUX-based systems. Andrew 
Tridgell, the designer of these LINUX systems, talked 
about his Antarctica project which uses LINUX in a 
recent discussion in the comp.os.LINUX.misc Internet 
news group: 

"There are now three LINUX boxes in a cargo container 

There is a 150-page 
guide on getting, installing 

and setting up LINUX, which is available at tsx-
11.mit.edu:/pub/LINUX/ docs/LOP /install-guide
l.ps.gz. In addition, the LINUX Documentation Project 
has put out several other books in various states of 
completion, and these are available at sunsite.unc.edu:/ 
pub/LINUX/docs/LDP /.Over 600 pages of documenta
tion in book form have been released by the LOP alone, 
plus a large group of manual pages. 

THE FUTURE OF UNUX 
A LINUX documentation project is in process and an 

MS-Windows binary emulator called WINE is being 
developed. Once it is completed, the user will be able to 
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run MS-Window programs directly under LINUX and X 
Windows. 

Work is underway on LINUX version 1.0, a refinement 
of earlier versions. Once the networking code has been 
stabilized, version 1.0 will be released. 

All of this development work was done in two years. 
So watch out DOS and Microsoft: LINUX could become 
the preferred operating system on the PC platform and 
become the wave of the future! 

wANT TO HELP DEVELOP UNUX? 
LINUX is now being developed jointly by a group of 

people, with Linus as the main kernel developer. Anyone 
with C programming expertise can join the project. This 
group of people and the LINUX users communicate 
through the USENET newsgroups on the Internet. The 
five news groups include: 

- comp.os.LINUX.announce is a moderated news 
group for announcements about LINUX (new programs, 
bug fixes, etc) 

- comp.os.LINUX.admin is an unmoderated news 
group for discussion of administration of LINUX systems 

- comp.os.LINUX.development is an unmoderated 
newsgroup specifically for discussion of LINUX kernel 
development. The only application development ques
tions that should be discussed here are those that are 
intimately associated with the kernel 

- comp.os.LINUX.help is an unmoderated newsgroup 
for any general questions a LINUX user might have 

- comp.os.LINUX.misc is meant for any discussion 
that doesn't belong elsewhere. 

The current development version is always public 
(with a delay of up to a week or two) so that anybody can 
use it. The result is that whenever a version with new 
functions is released, it almost always contains bugs. It 
also results in very rapid development, because the bugs 
are generally discovered within hours of a kernel release. 
Bugs are corrected quickly, especially those which might 
endanger a user's data, so it is easy for an end-user to 
avoid them. * 
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... So you think you're a hacker? 

THE HACKER TEST - Version 1 * 1 
(greatly abbreviated and somewhat revised) 

Conceived and written by Felix Lee, John 
Hayes and Angela Thomas at the end of the 

spring semester, 1989. 

® ® ® ® ® @ @ ® ® ® ® ® ® @I <iii ® ® ® ® I@ I@ @ @I ® ® I@ @I I@ @I I@ oD @ ® oD 

: Scoring: @I 

® Count l for each item that you have done. or each : 
@I question that you can answer correctly. ® 
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® 
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@I 

@I 
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oD 

If your score is between: you are: 

OxOOO and OxO l 0: a Computer Illiterate 
OxOll and Ox040: a User 
Ox04l and Ox080: an Operator 
Ox08l and Ox090: a Nerd 
Ox09l and OxlOO: a Hacker 
OxlOl and Oxl80: a Guru 
Oxl8l and Ox200: a Wizard 

@I 

oD 

6 
@ 
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@I 

@I 

® 

iii 

6 
@ 
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And now lor the questions ... 

Ox007 Have you ever missed a class while program
ming? 
Ox008 ... Missed an examination? 
Ox009 ... Missed a wedding? 
OxOOA ... Missed your own wedding? 
OxOOB Have you ever programmed while intoxi
cated? 
OxOOC ... Did it make sense the next day? 
OxO 13 Have you named a computer? 
Ox016 Do you know how many days old you are? 
OxO 17 Have you ever wanted to download pizza? 
Ox02B Can you read a punched card. looking at the 
holes? 
Ox02C ... feeling the holes? 

Ox030 Have you met any IBM vice-president? 
Ox031 Do you know Dennis. Bill, or Ken? 
Ox038 Does your terminal/computer talk to you? 
Ox039 Have you ever talked into an acoustic mo
dem? 
Ox03A ... Did it answer? 
Ox03B Can you whistle 300 baud? 
Ox03C ... 1200 baud? 
Ox03D Can you whistle a telephone number? 
Ox04l ... Do you know what it is? 
Ox042 Can you play music on your line printer? 
Ox043 ... Your disk drive? 
Ox044 ... Your tape drive? 
Ox072 Have you ever received a case of beer with 
your computer? 
Ox08l Ever thrown a computer from more than two 
stories high? 

Ox093 Can you convert hex to octal in your head? 
Ox087 Do you have the Anarchist's Cookbook? 
OxOB8 ... Ever make anything from it? 

OxOEF Have you ever downgraded your job to 
upgrade your processing power? 
OxOA 1 Do you know who wrote Rogue? 
OxOA2 ... Rogomatic? 
Oxl95 Do you know any people? 
Oxl96 ... more than one? 
Oxl97 ... more than i·wo? 
Ox 198 Are your shoelaces untied? 
Oxl99 Do you interface well with strangers? 
Oxl9A Are you able to recite phone numbers for 
half-a-dozen computer systems but unable to recite 
your own? 
Ox l9B Do you log in before breakfast? 
Ox l A l Do you dream in any programming lan
guages? 
OxlA2 Do you have difficulty focusing on three
dimensional objects? 
OxlA9 Have you ever seen the dawn? 
OxlAA ... Twice in a row? 
Ox 1 BO Do you think garbage collection means 
memory management? 
Ox 1 B6 Have you ever set up a blind date over the 
computer? 
Ox 1 EF Do you use smiley faces regularly? 
Ox200 Did the breakup of Ma Bell create more 
opportunities for you? 
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Not too many years 
ago, this nurse was a 
patient at St. Jude 
Children's Research 
Hospital. She fought a 
tough battle with child
hood cancer. And won. 

Now married and 
with a child of her own, 
she has returned to St. 
Jude Hospital to care 
for cancer-stricken 
children. 

Until every child can 
be saved, our scientists 
and doctors must con
tinue their research in a 
race against time. 

To find out more, 
write St. Jude Hospital, 
P.O. Box 3704, Mem
phis, TN 38103, or call 
1-800~877g5833. 

~~- !" SF. JUDE C.mLDREN'§ 
"!i RESEARCH HO§Pn:;.<U. 

Danny Thomas. Founder 

IF YOU'RE THINKING 
SCIENCE OR 

ENGINEERING, 11-IINK 
AIR FORCE ROTC. 

College is where your edu
cation in science or engineering 

reaches new heights. 
Air Force ROTC can take that education 

even higher- into satellite, laser or other 
technologies that become the focus of your 

career upon graduation. You may also qualify for 
two- through four-year scholarships that help defray your 
college costs and provide you with $100 each academic 
month tax-free. 

If you're thinking technology, think Air Force 
ROTC. Call 

Dept. of Aerospace Studies 
(612) 626-2279 

Leadership Excellence Starts Here 





Searching for 
the Cure. 

Cancer sounds like such a 
grown-up disease, but each year, 
more than 6,000 American . 
children will be stricken. 'I 

The doctors and scientists at St. 
Jude Children's Research Hospital']' 
are working to wipe out cancer 
and other catastrophic childhood · 
diseases forever. In fact, research I 
and treatments developed at St. 
Jude Hospital have already made .1' 

childhood cancer a survivable 
disease for thousands of children. 

I 

I 

J 

But until every child can be 
saved, the battle against cancer 
must continue. 

To learn more about the life-
saving work of St. Jude Hospital, 
please calll-800-877-5833. 

I

! ST.JVDE CHILD.REN'S 
RESEARCH HOS.PID\L L ____ __:nny Thomas, Founder 

IF YOU'RE TI-IINKING 
SCIENCE OR 

ENGINEERING, TI-IINK 
AIR FORCE ROTC. 

College is where your edu
cation in science or engineering 

reaches new heights. 
Air Force ROTC can take that education 

even higher - into satellite, laser or other 
technologies that become the focus of your 

career upon graduation. You may also qualify for 
two- through four-year scholarships that help defray your 
college costs and provide you with $100 each academic 
month tax-free. 

II you're thinking technology, think Air Force 
ROTC. Call 

Dept. of Aerospace Studies 
(612) 626~2279 

Leadership Excellence Starts Here 

,----------------------··---· - ---------··----·----------~ 

I 

''I 
Ashley has cancer. It 

sounds like such a grown
up disease. But each year, 
more than 6,000 American 
children will be stricken 
with cancer. 

Ashley, and thousands of 
others like her, will have a 
chance to beat cancer 
because of the research and 
treatments developed at St. 
Jude Children's Research 
Hospital. 

The scientists and 
doctors at St. Jude Hospital 
will keep fighting childhood 
cancer until every child can 
be saved. 

This life-saving research 
at St. Jude is made possible 
by public contributions. 

To find out more, call 
1-800-8 77-5833. 

ST. JUDE CHU.DREN'§ 
R&'l!FARCH HO§PntU.. 
Danny T'homas, Founder 
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ow do you go about writing an 
editorial in a Science Fiction issue? 
How do you do Heinlein, Asimov and 
Crichton one better? 

Answer: rewrite University policy. 
l picked up a copy of University 2000, 

our school's proposal to straighten up 
and fly right and thought: why stop at 
2000? Why be trapped by time? Why not 
go further, higher, stronger and get 
creative? Why not write UNIVERSITY 
2250? 

First let's set the scenario for University 
2250. Imagine an IT of the future: on-line 
registration. Heck, online classes and 
labs. You won't even need to swing by 
the U except for your biweekly, mutually
respectful one-on-ones with the full 
professors who will be teaching all your 
classes. 

And computer access? Don't worry 
about buying your own. In the 2250's, 
computers are basic-like chairs. The U 
will provide all students with one. Or 
more. if needed. 

Those pesky core requirements? Not to 
worry. Electronics went from palmtop to 
braintop so long ago you've been 
implanted with a processor since first 
grade. No more calculators-you do the 
problems in your head. 

Quirky history buffs write about what 
would have happened if Bill Gates had 
gotten the people skills application 
implant. Microsoft might not have lost 
out to IBM back in the 2000s. 

But your Mom and Dad are so retro. 
though, they're still stuck in the 2230s. 
Mom just had her first electronic implant 
installed a couple months ago-she 
wanted to be able to converse easily 
with your in-utero baby sister. There was 
just no way around it. Dad's still resisting 
though. Railing on about foreign bodies. 

Herewith. my proposal. I'll compare U 
2000 with U 2250. You be the judge of 
which is better. 

U 2000 proposes five strategic areas to 
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consider: "research, graduate 
and professional education, 
undergraduate education, 
outreach and access to Univer
sity programs and finally a user
friendly University community." 
Yes, user-friendly was the exaci' 
term. 

Rese~rch 
U 2000: "Recruit retain and 

reward world-class researchers." 
U 2250: "Contact, conserve and 

converse with the solar-system
wide news groups hooked up to 
this and every other school." 

Gr~du~te and Professional 
prour~ms 

U2000: "A hallmark of graduate 
and professional education at the 
University of Minnesota is that it 
emanates from research, scholar
ship, and artistic activity ... excel
lence in graduate and profes
sional education is based on 
participation in the creation of 
knowledge." (Unless, of course, 
it's film-related knowledge, or 
they wouldn't have axed 
lntermedia Arts.) 

U 2250: "Knowledge is not 
created, it is discovered and 
shared with anyone who wants it, 
for free." 

Undergraduate Education 
U 2000: "The University must 

provide a high quality under
graduate education in a nurturing 
environment. . . and must provide 
congenial (Congenial. Isn't that a 
great word?-ed.) support systems 
that help students move through 
their academic programs from 
admission, to orientation, to 
registration, to advising, to gradu
ation, to placement." 

U2250: "Since all students are 
equally valued, regardless of year 

in school, faculty are available to 
all. Although research will con
tinue as in the past, teaching will 
be valued even more so. Faculty 
will mentor students throughout 
their job placement." 

Outreach and Access to 
University Programs 

U 2000: "The University, as a 
land-grant institution with its 
largest campus located in a 
major urban area ... has a special 
responsibility to meet the needs of 
a growing and increasingly 
diverse population." 

U 2250: "The University, as a 
baud-grant institution, has nearly 
completed its mission to provide 
access keyboards to each resi
dent of Minnesota. Since the 
concept of 'diversity' is drastically 
altered in a cybernetic environ
ment, the University will continue 
its mission to build community 
electronically." 

A User-friendly 
University Community 

U 2000: "Educational excel
lence depends on the creation 
and maintenance of a humane 
and physically appropriate 
environment in which all members 
of the academic community can 
thrive and work to their fullest 
potential." 

U 2250: "Although everyone 
with keyboard access is a mem
ber of the academic community, 
professors as full-time participants 
in this community are responsible 
for academic "house calls"
electronically or in person- to 
ensure an equitable learning 
environment for all the residents 
of Minnesota." 

U 2250: Now that's science 
fiction. 
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the Shelf: 
Science 
Ficti n 

ncle Hugo's Science Fiction Bookstore in Minneapolis is "the oldest science 
fiction bookstore in the United States," according to Manager Scott lmes. (The 

store celebrated its 20th birthday March 2.) lmes is also editor of the science fiction 
and fantasy genres for What Do I Read Next? A Reader's Guide to Genre Literature, 
an annual reference work published by Gale Research. Part of his job is "mading'' (he 
says scanning is sometimes sufficient-even preferable) 400-500 books per year, 
with a team of readers who help out. In 1993, he annotated 200 science fiction and 
200 fantasy works for the guide. Below, lmes shares some thoughts on the sci-fi 
world. 

Q: You read and edit both fantasy and science fiction. How would you define 
fantasy? 
A: We sometimes say that science fiction is "rockets, rayguns, robots and beings 
with extra body parts," and that fantasy is "elves, dwarves, epic quests, legends, 
mythology and magic." But that's a wet-finger-in-the-wind description. 

Q: What trends do you see in sci-fi? 
A: This last year, there were more than 250 new, meaning never-before-published, 
science fiction novels, up from the previous year. The number of titles is up, even 
though the number of publishing houses is down because of increasing corporate 
takeovers. There's an awful lot of fantasy being published-slightly more than 
science fiction. In general, the quantity of fantasy is higher; the quality of science 
fiction is higher. 

The new material is oriented more toward hard science. Technology, computer 
science, artificial intelligence and biology are extremely strong, and in the last couple 
years, science fiction frequently incorporates humor. There's also been a tendency 
toward longer fiction, what we call "door-stop fiction," and a tendency toward long 
series. Editors hate the words, "The End." 

Q: What's a good read? 
A: I highly recommend "Snow Crash" by Neal Stephenson. It's about a computer 
virus that goes after hackers and a simultaneous neural-linguistic virus around since 
the fall of Babel-ancient Sumerian religion and virtual reality come together. [lmes 
describes the book as a satire that "can pull science fiction's leg pretty hard."] It's 
very visuaL Several of our customers have bought two or three copies at a time for 
friends, to explain what virtual reality is. 

Another book strongly oriented toward computer science that I'd recommend is the 



1993 Hugo Award winner by Vernor Vinge, "A Fire Upon The 
Deep." You could call this "space opera." It's about what 
happens when a human archeological expedition unintention
ally reassembles a malevolent artificial intelligence thought 
wiped out for thousands of years. It wakes up hungry and 
decides to eat the universe. This one features a millions-of
years-old computer network called by users, "the net of a 
million lies." 

Q: What percentage of your customers are women? 
A: I'd say it's approaching halfish. This is distinctly different 
from 30 years ago, probably in part, I'd guess, from "Star Trek." 
In the '70s, about the time that "Star Trek" conventions began, 
[science fiction] started to integrate the sexes more. Most of 
my favorite sci-fi writers at the moment are women. They seem 
to be producing the best work. 

Q: Are there misconceptions or stereotypes about science 
fiction that you would change if you could? 
A: I would change English teachers' prejudices. I would 
award them open minds with which to determine which science 
fiction is good (about 10 percent according to Sturgeon's Law) 
and which is bad. English teachers seem to think that 100 
percent of it is bad. But science fiction offers some leading
edge writing. There is a tendency toward darkness and a lot of 
sloppy writing, but the best writers try really hard to craft their 
writing in such a way as to find solutions, even if they're not 
always pleasant ones. 

Q: What are some positive things science fiction offers? 
A: It allows safe exploration of dangerous ideas. It allows a 
person to view technology which will soon be available, since 
writers and technicians read the same scientific journals, and 
the lead time on writing is much shorter than the lead time on 
technological developments. That's why Willey Ley, co
founder of the German Rocket Society, said that science fiction 
is so often predictive Science fiction is accessible to all ages; 
older people don't have a leg up on understanding it. If it's 
good writing, the ideas are fresh and new, and it keeps a 

Scott rnmes has worked at Unc~e Hugo's 
Scmence FicUon Bookstore on 28th and 
Franklin since the late '70s. The store is 
known for its wide new and used se~ec· 
tion fi. from a Star'frek section to up-and· 
coming titmes about computer viruses 
invading everyday Ufe. 
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person young in mind, young in spirit. And it's fun. 

Q: What do you anticipate seeing in the next several years? 
A: I assume we'll see more biology as we begin to undergo 
the biological revolution that physics underwent earlier in this 
century and that chemistry underwent in the last century. 

Q: How do you account for the lukewarm success in bringing 
science fiction (with "Star Trek" a possible exception) to 
television, for example, "Max Headroom" and "Wild Palms"? 
A: I say, "Burn your television." Science fiction is best when 
read. Television is too small in scope and mind to encompass 
science fiction. Its stage is too small. "Max Headroom," in its 
first season, was just about as aggressively science fiction as 
you can get and still keep the audience. It was marvelous. 
The second season they dumbed it down. 

I think the problem with putting science fiction on television 
is that it doesn't smell right, doesn't feel right. When you read 
science fiction, you get lost in your senses. Television draws 
you in, but it gives you everything. It literally doesn't allow your 
mind to generate the images. Marshall McLuhan called 
television a hot medium, and it is, but I think a cool medium is 
better for involvement. It's a matter of involvement and 
commitment. With a book, people do get involved and 
committed. Not that it won't be possible to do this with virtual 
reality; maybe it will. Maybe we will fool ourselves and 
become more involved as technology gets better. 

Note: lmes tells Technolog that getting to Uncle Hugo's 
from campus is easy: Take a #2 bus down Franklin and a #5 
down Chicago. It's at 2864 Chicago. Or call 824-6347. 
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ant to see the future? Forget about calling your psychic, looking into the nearest crystal ball 
or reading today's horoscope. Instead, grab some science fiction and dive right in. SF 
readers knew about space travel and moon-walking years before Apollo 11 landed and Neil 

Armstrong took one giant step for mankind. 
Back in the late 1800s Jules Verne speculated about moon travel when lle wrote "From 

the Earth to the Moon" and "Around the Moon." In these stories, three men, Barbicane, 
Michel Ardan and Nicholl, were propelled toward the moon in a projectile named 
Columbiad, "the vehicle which was destined to carry tile three hardy adventurers into 
space." Tile men in Verne's story left from "Tampa Town, Florida." A newspaper account of 
tile trip might have read like Verne's prose: "An immense spout of fire shot up from the 
bowels of the ear·th as from a crater. The earth !leaved up, and, with great difficulty, some 
few spectators obtained a momentary glimpse of the projectile victoriously cleaving the air in 

tile midst of the fiery vapors I" 
July 16, 1969, saw another launching of three men into space with tile moon as their 

target, this time for real. Astronauts Armstrong and Aldrin landed the lunar module Eagle on 
the moon while astronaut Collins orbited the moon in Columbia. Both crews of space 
explorers departed from Florida and splashed down in the Pacific. Verne's characters, 
however, were engrossed in a game of dominoes when they were found. 

Need more information about moon travel? Don't pick up the newspaper. Author Arthur 
C. Clarke's plan for getting news in the future was not far off base. He envisioned modern 
news technology as far back as 1964, when lle wrote "2001: A Space Odyssey": "[H]e 
would plug his fools-cap-sized Newspad into tile ship's information circuit and scan tile 
latest reports from Earth. One by one he would conjur·e up the world's major electronic 

papers." 
Although Clarke could be describing today's news databases, his character was 

speeding away from earth ''at thousands of miles an hour." Obviously his predictions didn't 
all come true. But Clarke did note the importance of change, a significant factor in science 
fiction: "Floyd sometimes wondered if the Newspad, and the fantastic technology behind it, 
was tile last word in man's quest for the perfect communications .... It was hard to imagine 
!low the system could be improved or made more convenient. But sooner or later, Floyd 
guessed, it would pass away, to be replaced by something as unimaginable as the 
Newspad itself would have been to Caxton or Gutenberg." 

But wait, SF writers may not agree with being called fortune-tellers, and SF readers 
would probably point out that few of tile many predictions made in science fiction stories 
actually come true. "To people who don't read science fiction, the most amazing thing 
about tile field is its apparent ability to predict tile future," wrote Isaac Asimov in an introduc
tion to his essay "How Easy to See The Future." He described science fiction as "that 
branch of literature which deals with the reaction of human beings to change in science and 

technology." 



For Asimov and other writers in the genre, extrapolation is 
key. Author Lester del Rey wrote that "(m]ost of the predictions 
of science fiction were made by taking some idea from science 
and speculation on how it could be developed into engineering 
reality." 

How many times while stargazing have you focused on the 
perfect star, only to find it moving across the sky out of your 
vision? When Clarke wrote about satellites in the 1950s, the 
"stars" didn't move. 
"Yes," his character 
noted, "a lot has 

year 2000. At one point, his hosts introduce him to the new 
way to shop. "I was in a vast hal! full of light, received not 
alone from the windows on tan sides, but from the dome, the 
point of which was 100 feet above. Beneath it, in the centre 
[sic] of the hall, a magnificent fountain played, cooling the 
atmosphere to a delicious freshness with its spray .... Around 
the fountain was a space occupied with chairs and sofas, on 
which many persons were seated conversing. Legends on the 

walls all about the hall 
indicated to what classes of 
commodities the counters 

happenedinthelast40 
years, and sometimes 
I'm afraid that you 
people down on Earth 
take the space stations 
for granted, forgetting 
the skill and science 
and courage that went 
to make them. How 
often do you stop to 
think that all your long
distance phone calls, 
and most of your TV 
programs, are routed 
through one or the 
other of the satellites?" 

Early SF writers didn't confine 
their ideas to technology. In 
the process of moving their 
characters through space and 
timeJ authors sometimes 
imagined such everyday ob
jects as waterbedss shopping 
malls or credit cards. 

below were devoted." 
You can further imagine his 

surprise when his host 
handed him a credit card, "a 
piece of pasteboard," and 
explained its use by telling 
him: "the value of what I 
procure on this card is 
checked off by the clerk, who 
picks out of these tiers of 
squares the price of what I 
order." 

So what if your chance of 
discovering the one accurate 
prediction in a sea of SF 
postulations is less likely than 
finding the lost city of In "The Other Side of 

the Sky," Clarke looks back at 1957 from 40 years into the 
future. Again, after reading the next part of the story, SF 
enthusiasts would hasten to note that Clarke was too optimistic: 
"And how often do you give any credit to the meteorologists up 
here for the fact that weather forecasts are no longer the joke 
they were to our grandfathers, but dead accurate 99 per cent 
of the time?" 

Early SF writers didn't confine their ideas to technology. In 
the process of moving their characters through space and 
time, authors sometimes imagined such everyday objects as 
waterbeds, shopping malls or credit cards. 

Consider Robert A Heinlein's story "Waldo." The main 
character, Waldo, has to travel from his free-orbiting space 
house to earth without endangering his already precarious 
health. Voilal The first waterbed: "The tank was not a standard 
deceleration type, but a modification built for this one trip. The 
tank was roughly the shape of an oversized coffin and was 
swung in gimbals to keep it always normal to the axis of 
absolute acceleration. Waldo floated in water-the specific 
gravity of his fat hulk was low-from which he was separated 
by the usual flexible, gasketed tarpaulin." 

The next time you drop by the Mall of America, try to 
picture your surroundings as this visitor from 1888 did. "There 
was nothing in the exterior aspect of the edifice to suggest a 
store to a representative of the 19th century." When the main 
character in Edward Bellamy's "Looking Backward 2000-1887" 
awakes from a 113-year sleep, he is introduced to life in the 

Atlantis? There is still a remote chance that the next SF book 
you read may hold a blueprint for tomorrow. If you still don't 
believe, consider how crazy walking on the moon would sound 
if you had just left your four-legged transportation in the stable. 

Sources 
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Heck, might as well use the visor: 
teacher's privilege. 

The studeni·s were limited to a 
'Rap-round' monitor box, open at 
the top so he could obseNe everyone 
to some extent, but John B. always 
slipped down into the corner and 
became nearly invisible. The headsets 
attached to each box were linked to the 
main console, but that really offered little 
control. If the kid was in the Network, just shutting 
down the sound wouldn't break the mind link that 
formed. Shutting down the monitor itself, though 
possible in extreme circumstances-as in i"he Mind 
Plague of '08-was not advisable. The kid might 
suffer permanent brain damage from a sudden 
cessation of activity in the neural passages 
linked into the computer. 

Schmidt knew he had to go in after them-that his 
leaving the room, however briefly, always inspired a few 
kids to sneak out of the system and surf the Network. 

These school computers should be locked off from the 
rest of the Network. They should put some kind of safety 
net on a bunch of teenagers on an electronic high wire. 

'Shoulds' never gei" anyi"hing done; he knew that and 
began rapidly tapping the sequences to enter the system. 
Once inside, the visor and the advanced teacher's 
program created a perfectly-defined computer image 
within the computer classroom. 

God, /love the ties this program gives me! 
He saw five or six of the students working diligeni"ly in 

the system, mere blue clouds that absorbed information. 
He stepped between two other sets of clouds that were 
exchanging more with one another than with the system, 
and knew he appeared in stern expression in their boxes. 

His fingers tapped again across the keyboard, not only 
because he hated using the voice module, bui" because if 
the students heard his key to exit the system, he'd have his 
preseni" problems multiplied tenfold. The visual represen
tation of the information structure slid apart ever so 
slightly, and he stepped through. For a moment the 
projection program had to disentangle itself from the 
system to allow him to maintain his present visual form, 
which he felt was invaluable in terms of creating respect 
as he corralled the vagrant students. 

He quickly found the exit points and recorded them 
instinctively, knowing full well they would always find a 

way. One student's hole out of 
the system was particularly ingenious, 

worming out i·hrough the clock se
quence. 

Quick thinkers when they don't need to be. 
He followed the trail of information they had left, and 

he thanked God they were not more adept at Network 
travel. He entered the main building menu, which was 
packed wii"h novice users. The more advanced user 
quickly learned to avoid the main menu, which-as all 
things created to ease confusion and tension do-had 
created both in abundance. The concept of a single 
program to funnel every Network user was noble, but 
really very impractical. Still, children didn't know this, or at 
least he was trusting in that. The clock hole still left him 
slightly uneasy. 

He maintained anonymity as he passed through, 
making cursory checks of the log-in lists at the most typical 
hangouts. The Dream Bar listed three codes he had 
tracked from the system, which no doubt belonged to the 
pseudo-retro-hippie-type guys that sat furtively in the 
corner of the classroom. Naturally logging in under his 
common code, he was slightly embarrassed by the 
program offering him "the usual," and in fact he'd had a 
difficult time convincing the hard-sell software that he 
wasn't there for a "meditation trip," as they called it. 

The boys stuck out like kids in a laboratory, which 
wasn't too far from the truth. He collared them quickly, 
and without much surprise to either party. He stuck a 
recall and lock program on them and let them slip 
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innocently bock to the system. 
He found John T. and Co. next door. so to speak, in the 

Neiwork. still within the feely program district. John T. was 
a good kid, just knew a little too much to handle. He was 
laid out on a beach visualization program, and had 
obviously convinced four of the girls who came along to 
participate in his little fantasy. Of course, they probably 
didn't put up much of a fight against being visualized in 
the Network as famous models. A faint ticking beat in 
John T.'s chest a humorous reference to his escape route. 

You cocky son of a buck! If I didn't have to teach 
you, I'd have to join you. 

One major limitation to John T.'s little computer fan
tasy: It was a sampler program, an interactive brochure. 
While it provided kicks for the kid. it was easily traceable. 
The teacher walked up to his image and kicked a little 
sand in his visual face. When the static cleared, he stood 
up smiling. 

"Hey, teach." He definitely hadn't kept his slightly shaky 
voice here. 

"Sending you back, John," 
"Gotto catch me first!" and his image dissolved. 
The teacher was shaken; his hands topped nervously 

on his impeccably clean black desk. His image turned to 
the four girls, and he slapped on the recall and lock 
programs. He pulled out of the vacation program. His 
fingers tapped louder. The students who had sat around 
idly gossiping looked up to him fidgeting in his desk chair 
and then returned to their discussion on the new shoe 
style. 

Where'd he go? The kid isn't that good. Just disappear 
from a visual program without any trace. I couldn't do it 
that quickly. 

He pulled back even further, to the main menu. After 
a second check of the logs, only John T. remained in the 
Neiwork. 

Hove to start over at the clock. Take it easy; you got 
time. That little bastard! Is he playing with my mind? He 
must know I hove to get him out of here before class ends. 
Did he choose the clock route on purpose? 

10 .. MlNNESOTA TECHNOLOC 

John T. was a con man-con boy might be more 
appropriate-clever, witty, with a few very promising 
completed assignments. But he lacked the expertise and 
the flair for the dramatic that this escape hod token. The 
teacher knew that. His fingers topped more quickly on 
the desk. 

He dialed his home number and retrieved a program 
that his ex-ex-girlfriend had used to track him down. 

"Knew that whole mess would yield something de
cent," he thought. 

The search program 
picked up the old trail, 

which now began 
to get more erratic and to 

climb into the Network. 

He kicked in the search program and limited the 
parameter with hesitation; if he set it too wide the search 
would waste time. but he feared underestimating his prey. 
While he was mentally compromising the limits, John T. 
appeared. 

"Hey, teach, bet you didn't expect th .... " he disap
peared in mid-sentence. 

The teacher quickly surmised the reason and set the 
search program to follow John T.'s trail. John T. wasn't 
the brains behind this one. Whoever hod the smarts 
to cut off his pompous little taunt knew the search 
would be on. Some dealer, hanging around the 
edges. pushing kids where they had no right 
going. 

Well, this guy's mine. I'm going for charges 
on this one. Run me all over the Network, set 
my students up on nude beaches, taunt me, 
then hide from me, when I'm already having a 
highly sub-par day. Yeah, charges on this one, 
buddy. 

The search program stopped suddenly, choked by 
a virus that simply repeated the time, over and over. 
The teacher cleaned the program with relative ease, 
but was still left puzzled by the nature of the virus. Who
ever was behind this joy riding wasn't the typical hack. 
The virus and the clock hole both ignored all adherence 
to programming logic, which made them even more 
difficult to crock. Once the error was spotted, he easily 
disabled the program, but the tension was knotting his 
stomach. His hands gripped the side of his impeccably 
clean black desk until his knuckles were white. 

The search program picked up the old trail, which now 
began to get more erratic and to climb deeper into the 
Neiwork. A couple of double bocks and into a major 



corporate mail room, then up the corporation system, 
from memos to documents to files to secret files. Here the 
prey stopped for a moment and then split. 

John T. appeared once more. 
"Teach, you got to get him. He's going crazy, I think," 

spoken in the cool monotone of his computer character. 
"Who?" 
"John B., man. It's John B." 
The teacher slid the recall and lock into John T.'s 

program and reset the search program, held up at the 
split. The program followed John's trail. 

"John B.? I didn't even think he hooked into the 
system, much less knew how to get out. 'Mentally defi
cienr was the stamp on the bio. God, if he's this good, 
he probably searched the bios. This is not good. Where 
the hell is this kid gonna go?" 

John B.'s trail kept digging deeper into secret files, and 
the program blindly followed. Had John B. known the 
slightest thing about closing the holes he'd opened, had 
he ever been chased before, i·he teacher would have 
had no chance. The red glow of the visual around him 
flooded all the documents cs soon as the entry was 
detected. The security program depended on the files 
being rendered unreadable, and the intruder would soon 

~ 

depart. But John B. didn't come to read; he came to 
hide. Like a chameleon, his trail began to resemble the 
static that surrounded the invaded files. The program 
followed various leads, each of which the teacher could 
judge was not the real one. The program still had an 
unmistakable uniqueness to it; it would never blend in 
completely. 

The program marched through the files methodically 
once inside. Constant acknowledgment programs 
collided with his, demanding identification, but he ignored 
the constant flashing requests. Finally, inexorably, the 
search collapsed to one bank of files. John B. no longer 
fled: he sat, blending slightly with the surroundings, but 
unmistakable to the end. The teacher slid the recall and 
locked the program in. It was rejected. 

Son of a b-. 
He attempted again and was rejected. Stalemate. He 

backed the search program off slightly. John B. followed. 
He would not be forced back to the system, bui· he would 
come. The teacher shut the search program down. 

Don't run, baby-don't you dare. 
John B. followed straight behind, followed the teacher 

right up to the door to the system, and then darted off. 
Damn! Not again. I'm not paid enough to take this sh-. 
The teacher, still looking in upon the system, contem

plated returning without John B. But he had to find him. 
As he turned to begin the search, he caught a glimpse 
inside. John B. stood just inside the door, waited a mo
ment, and then returned to his desk through the clock 
hole. 

As if by some power of thought in that confluence of 
electronic data, the buzzer indicated the end of the 
period. 

He shut down his projection program and exited the 
system. The visor was damp as he removed it, and the 
stack of poetry papers had fallen to the floor. The class 
was quiet, but a much different quiet from this morning. 
He welcomed it. He smiled at the students as they left, 
but not proudly, or very happily, for that matter. John T. 
searched his face, obviously shaken. The teacher smiled, 
hoping the effect was reassuring. John B. left last withoui· 
a word, without a look. He seemed helpless, the same 
John B. who walked in and out every day, never quite 
blending in. 
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't stop. With every backward glance, he thought about the oval
thing that just appeared from nowhere and he willed himself to run 
The ragged breathing and pain gnawing at his side were ignored, but 

his feet couldn't maintain his mind's pace. They faltered, and Bill crashed 
to the sidewalk. His nose crumpled, and his forehead was cut by a dis
carded bottle cap. He tried to get up, but his vision faded to black. 

Near Bill's body, a portal of gray smoke took shape and lost its translu
cence. 

"I should've known," William said. As he looked from his laboratory, 
through the time gateway, and down on the young man he had been 25 
years earlier, his finger traced his crooked nose. 'Tm going through." 
William p~l)ed through the portal, rippling like a pond disturbed by the 
first drop of rain. He stagg~red out the other side, feeling a wave of nausea 
rush ove:r him, almost ~tepped on Bill's unmoving body. Sharon 
followed WUU~Jn into the patt, time shifting with considerably more grace. 

"Unbelievabh:L ,Timet 'lis possible ... ," said William. "This place is 
just like I remember. The ery store, the old theater...," Lost in memo-
ries, he wondered dow street. 

Sharon was spe Her eyes danced around the world of her youth, 
then set ng man unconscious at her feet. His face seemed 
oddly familiar and seeing him sent a chill down Sharon's back. "Billy," she 
whispered and the memories flooded back. When Sharon was 30 years 
younger, she and Bill had been high school sweethearts. It probably could 
have led to marriage, but she accepted an engineering scholarship at MIT 
and Bill decided to attend the local business school. Their worlds were too 
different and they drifted apart, but Bill never lost his place in Sharon's 
heart. They lost contact for 20 years, but then two years ago, he called her 
and wanted to meet. Bill, now calling himself William, showed Sharon to 
one of the best nights of her life. She fell in love all ove:ragain. She didn't 
discover his true intentions until later. 

William ran back up the street. "It's almostq~wri. We"'d 
back to our own time before anyone sees us." They dr 
toward the portal, but the gateway had drifteq ~llgq: · 
meter off the ground. "Damn! Sharon, I'll boo$fyou 
fix this thing." . o1Lii: 

Sharon kicked off one shoe, raised her fpqt, andi 
hands beneath it. He heaved her up and through. ' 
perpendicular to the edge of the two-di 
Sharon sailed into the air then rippled int 

Although the portal remained stationary 
having difficulty forcing it closer to the ground·· 



I 
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blueprints and programming notes William had given 
her, she successfully built a prototype shifter, but 
neither of them really knew how it worked. She tried 

William turned his 
face from Sharon's 

lea n eyes 
and noticed the 
damaged shifter 
for the first time. 

adjusting the fine coordinate control, but nothing 
seemed to happen so she turned the coarse 
control. 

In the past, the gateway leaped into motion, 
and flew silently down the street. Although 
William couldn't see the portal back to his 
own time, he knew it was there. The street 
light on the corner suddenly lost a three 
meter section of its post. Sparks flew as the 
disembodied light winked out and crashed to 
the ground. 

Before William could decide what to do, 
the portal hurled back toward him. Only 
seconds from cutting him off at the waist, it 
stopped and sank to the sidewalk. He lifted 
Bill off the sidewalk and prepared to take him 
into the future, when the gateway sunk 
further until only a waist-high arch was 
visible above ground. He set Bill back down and 
pushed him through the portaL 

co ® ® 

The lamppost could've killed Sharon. It flew 
through the time gateway and into the laboratory 
with tremendous velocity and smashed into the time 
shifter, scant centimeters from where she was 
standing. Most of the contrqls were destroyed, and 
she was barely able to stop'lthe portal before it hit 
William. Now, she couldn':f control the gateway at all. 

Sharon turned away from the damaged time 
shifter and saw Bill's still unconscious body ripple 
through the top of the gate ap.d tumble almost two 
meters to the floor. All thoughts of the damaged time 
shifter and her near-death experlenc~were gone. 

William followed Bill through the gate and landed 
heavily on the laboratory floor. "Sharon, what in the 
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hell happened?" William asked as he slowly got to his 
feet. 

"Oh my God, do you think Bill's okay?" Sharon 
asked as she approache~l him. 

"Relax. He can't be,"purt too badly, I'm stm okay 
aren't I?" 

"What does that prbve?" Sharon asked as she went 
to Bill's side and wipei!lmhis face with a doth. "WiUiam, 
I've been thinking. Maybe we should just put Bill back 
in his own time and f this whole thing. It's just 
not right. You don't 1m'' any more about time 
shifting than I do. Maybe t happens to Bill while 
he's here in our time won't n to you. How do 
you know? I'm really starting to about this. It 
isn't right." Sharon tried to collect 

William turned his face from Sharon's pleading eyes 
and noticed the damaged shifter 
for the first time. "My time 
shifter ... " He ran over to the pile of 
twisted metal and plastic which 
used to control the portal and 
tried to survey the extent of the 
damage. 

"William, I'm serious. I think 
Bill's really hurt. This was a bad 
idea and I should never have 
agreed to build that machine for 
you," Sharon said as she left to get 
the mediconsole from another 
room. 

William went over to Bill's still 
unmoving body. He looked down 
at the youthful man then glanced 

Robert s .. t.iaga, Jr. across the room and saw the 

reflection of his own aging face. What happened to me? 
William thought. Back when I was him, I had the world 
at my feet. I was going to do it all. "But guess what 
Billy-boy," William said. "Unless I help you, you won't 
do it all. I sure didn't. The life of an accountant is very 
uninteresting. It's downright dull, boy. I worked for 
Triton Industries for the last 10 years. Sitting in a half
wall office filling out hundreds of forms day after day 
just does something to a man. When I heard about the 
time shifter they were building, I guess I just cracked." 
William checked to be sure that Bill was still uncon
scious then continued, "! stole the plans, Biil. But, just 
think of how good it will be. If you take the blueprints 
back and build the machine first, we'll have a great life. 
We'll be rich, we could probably even marry Sharon 
while she's still young. She'll never need to know what 
we did. I can't wait ... " William was interrupted as 



Sharon re-entered the lab. 
"William, let's stop this now," Sharon said. "We 

could put Bill back and return the plans. We haven't 
done any real damage yet Let's just forget the whole 
thing. Please ... " 

"Sharon, don't start in on this again. We're sticking 
to the plan," William said. A flush of anger touched 
his face. 

Sharon switched on the mediconsole, and allowed 
its blue-energy plasma to flow into Bill's injuries. In a 
few moments, his breathing eased and scabs formed 
over the wounds on his face 

"This might be hard to accept," said William. "But, 
I am who you will be in 25 years. Look at me closely. 
A few pounds heavier, more wrinkles, and less hair, 
but I'm you. I've brought you into your future." 

Bill looked around the room and found most of the 
electronic gadgetry unrecognizable, but the labora
tory itself seemed normal. "You're lying." 

"It's true and I can prove it." said William. "Think 
back to elementary school. Remember when our 
sister, Julie, took the love note we wrote for her friend 
Kim? We knew a 12-year-old would never be inter-

ested in a fourth grader, but we 
and arm. "I'm serious William. 
Look at how much good we've 
done Bill so far. He broke his 
nose trying to get away from us 
and now we've kidnapped him. 
This isn't right." 

Bill saw the portal for 
dreamed anyway. Remember how 
Julie showed it to all her friends, 
and how they laughed? Even Kim? 
The next day at dinner Julie got 
sick, really sick. Mom and dad 
had to take her to the hospital. 
They didn't know what was wrong, 
but we did. We made her sick, and 
it only cost us a quarter." 

the second time. 

"I can't change what I've 
already done. I'm doing this 
with or without you," William 
said, his voice rising in volume. 

This time he didn't run 
away in Ol; 

but he wanted to. 

"It'll have to be without me," 
said Sharon, her voice suddenly shaking. "I've given 
this a lot of thought.. I wasn't sure before, but now I 
am. You have to make a choice. If you continue with 
your plan, I'm leaving. You'll never see me again." 
Sharon looked deep into his eyes, but when he said 
nothing, she turned and started to leave. 

Rage and sorrow In William's mind. 
"Fine! Go," he pushed her toward the door. 

Sharon lost and hit her head on the 
edge of the 

"Sharon," 
'Tm so sorry. 
face, but she 
staml This 
whispered in 
floor and 
stepped back 
him. 

screamed as he ran over to her. 
meant to ... " He touched her 

unresponsive. "You don't under
For both of us. You'll see," he 
. He lifted her limp body off the 
er in the hall. "You'll see." He 

and locked the door behind 

After a short while, conscious-
ness. His outward wounds had completely healed, 
but his nose would never again be straight. William 
noticed he was awake, stopped fiddling with the time 
shifter, and said, "Good, good, I didn't know how long 
you would be out. You had a pretty nasty fall." 

"Who ... Who are you?" Bill asked. 
"To put it bluntly, I am you," said William. 
"What, what are you talking about?" Bill's head 

was still swimming. He struggled to a sitting position. 

Bill shook himself from the 
memory. Mushrooms, Julie was 

allergic to mushrooms. In his anger and shame, he 
bought some mushrooms. Just one in with her dinner 
did the trick. He never told anyone about the incident 
and didn't think anyone could possibly know. "Let's 
suppose I believe you. What do you want with me?" 

''I'll tell you, but we have to move fast. The time 
machine I used to get you here is damaged and I'm not 
sure how long we can keep the portal between our 
two times open," said William gesturing to the gate
way behind his predecessor. 

Bill saw the portal for the second time. This time 
he didn't run away in fear, but he wanted to. At first 
glance, it looked like a large oval window with smoked 
glass, but it had no real substance and wasn't on any 
wall. In fact, it didn't touch anything. Through the 
gateway, he could see about five feet of dirt and rocks, 
a foot of concrete, and a three foot section of the 
world he remembered, albeit a below ground-level 
view he didn't often see. "Tell me." 

"Well, about 18 years in your future, you, really we, 
will become an inventor. You'll develop the theory of 
time shifting and invent a machine, like that one, that 
can actually do it But before you patent your inven
tion, some thieves will steal your prototype, all the 
research logs, and notes. Somehow, Triton Incorpo
rated will get the plans, and receive patents on the 
time shifter before you can reconstruct your work. 
You won't be able to prove that you originally devel-

MAY1994 "15 



oped the theories and your years of research wiH be 
for no$ing,$UCh as mine were." William paused in 
the delivery Q~ b.1s weH~rehearsed lies. 

.. "What do you want me to doT' A chiH snaked its 
'way up BiB's spine. He didn't like somepne talking 
ab(;mthis ftlture'as,H it had already happrcned. 
. '''ri'!ke; these plarisback to your own time, and build 

aUme ~htfter sevenal years earlier than w~ did the 
first tim¢." William handed Bm a large enjfelope filled 
with docl,l,me~~l:s. 

'~This doesn't seem right ... " BiB was ving diffi-
culty analyzing the situation. He c believe 
~~the was seeing and hearing~ . .· . eing much 
int.erested ,in science, he thought tt1~1itoad from 
aci:!:'Q:lirttant to inveritor seemed .·. and improbable. 

"L'€\q,k,you do~'t wantaJ.\,,mJ'e forts, all our 
efforts,lCJi~;o;uqt .foi!fm~o~JJ,h'ig, do you? Jt.:;_,t take the 
file and go. Uk~ I said, we don't have much time." 
As if to add weight to William's argument, the portal 
blinked and Bill's world momentarily disappeared 
from view. When it reappeared, William pulled a 
ladder from a supply closet and leaned it against the 
gateway. The top of the ladder protruded into the 
past. "Please hurry," William pleaded. "It's really for 
the best." 

"I can't do this. It isn't right." Bill retreated to the 
far end of the room. 

"Quit being such a damn idealist[ You're just like 
Sharon," William said as he approached Bill menac
ingly. "Your attitude will change when Triton Indus
tries announces plans to build a time shifter. All you 
ever get to do is count the money, never spend it. 
Give me those papers, I'll go back myself!" William 
lunged at Bill, who easily side-stepped the aging man. 
Neither of them noticed the pebble that flew through 
the portal and landed on the floor. 

William picked up a chair and started swinging it 
back and forth. "Give me that envelope. Don't make 
me hurt you. So much for trying to improve my past. 
I'll leave you here and improve my present and 
future," said William as he advanced on Bill. 

Bill's danger indicator went up several notches. 
This can't be real, he thought. I've got to get out of 
here. 

William smashed the chair down on Bill's back. Bill 
fell to the floor and dropped the envelope. 

There was a loud pounding on the laboratory door. 
"Police, open upl" When William turned toward the 
sound, Bill dashed for the ladder. The door splintered 
inward, and two police officers rushed into the room. 
They were followed by Sharon. "Don't move," one of 
the policemen shouted. 
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William momentarily stopped his pursuit of Bill, 
who was already halfway up the ladder and ready to 
cross through the portal into his own time. At this 
same instant, a shoe flew in from the past, through the 
gateway, and grazed Bill's head. It hit the time shifter 
causing the portal to blink out. Bill and the ladder, no 
longer supported by anything, started to fall to the 
floor. 

Meanwhile, in the past, daylight had broken and a 
growing number of people noticed the funny archway 

A hush fell over the crowd as one 
en risin young man, 

Pete, prepared to throw his shoe 
through the archway. 

on the sidewalk. Some of those who saw the strange 
aberration felt compelled to stay and study it. One 
person circled the archway time and time again to 
convince himself that it could only be seen from one 
side. A few daring individuals even approached the 
arch with the intent of getting a really good look 
inside or touching the ladder that was hanging out, 
but they couldn't bring themselves to cross the spots 
of dried blood that were in front of the gateway. 

A hush fell over the crowd as one enterprising 
young man, Pete, prepared to throw his shoe through 
the archway. He swung it wildly over his head, trying 
to draw everyone's attention. He had already tried 
this trick with a small stone, but using his shoe was 
soliciting a much bigger response. "One for the 
money," Pete shouted. He wanted to drag this out as 
long as he could. He had heard that everyone gets 15 
minutes of fame and he didn't want to be rooked out 
of one second. "Two for the show ... Three to get 
ready ... and ... " Pete considered starting over at one 
again so he could keep the group's attention, but 
when he saw the anticipation on their faces, he 
couldn't disappoint them. "Four to go!" Just then 
Pete saw a face pop;'J.lP on the other side of the 
archway, but it was too late. He let the shoe fly. 

Before anyone tered what had happened, the 
archway disapp . The top section of the ladder, 
being severed at ange angle, lost its balance and 
clattered to the s walk. The circle of onlookers 
gasped coHecti'l(ely and began to walk toward the 
center of th~,1,crrcle. Suddenly, the archway reap-



peared, and the gawkers scrambled to back away 
from it. 

In the future, the police stood transfixed by the 
existence, then the disappearance and reappearance 
of the gateway. William took the opportunity to grab 
the packet of time shifter plans and throw them 
through the time doorway to get rid of the evidence of 
his crime. 

The reappearing portal caught the amputated 
ladder in mid-fall, but BiB was now a few feet down 
from the edge of the sidewalk. He quickly gathered 
his strength and thrust himself up at the opening. His 
head swam and his stomach turned as he rippled 
halfway through the gateway. 

William, not wanting Bill to escape, reached up, 
grabbed one of Bill's legs, and pulled. 

As soon as the portal remateriaUzed in the past, 
something flew out of it. A woman screamed as the 
projectile hit her in the chest, then landed on the 
sidewalk. She kicked at it with her shoe, and discov
ered that it was nothing lll;Ore than some papers in a 
large manila envelope. Her eyes strayed back to the 
archway, and she screamed again. Halla man was 
sticking out of the portal, and hewas flailing his arms 
madly. After a while, she stopped screarrling. Under 
the circumstances she would probably flail her arms 
too. 

The crowd 
for the gateway tQ reappear, 

but no 
happened. 

"Somebody please help me," screamed Bill. "Don't 
let me be pulled back through." At first, no one 
offered to help. Finally, Pete, who wasn't really sure 
he wanted the rest of his fame that day, extended a 
shaky hand. 

The two police officers rushed to keep the suspect 
from leaving the laboratory. One of them grabbed 
William and tried to pull him off Bill's leg. The other 
grabbed Bill's free leg and tried to pull him back to the 
future. It suddenly occurred to Bill what would 
happen if the portal blinked while he was only halfway 

through and he kicked his legs with a new burst of 
strength, causing both the police officer and William 
to lose their hold on him. Bill scrambled completely 
into the past. While one officer handcuffed William, 
the other jumped on the ladder and prepared to go 
through the time doorway to recapture Bill. 

Meanwhile, Sharon approached the time shifter. 
"This must end now. This situation just wasn't meant 
to be. It's over." With that, she threw a chair at the 
remains of the time shifter. Sparks flew and the 
gateway closed for the last time. 

After Bill took the young boy's hand, Pete pulled 
mightily to free him. Suddenly, Bill rippled the rest of 
the way into the past. Everyone watched the archway 
with anticipation. It looked like more excitement was 
in store when the police officer prepared to come 
through, but then it was over. The archway disap
peared. 

The crowd waited for the gateway to reappear, but 
nothing happened. Then somewhere in the back of 
the group $pmeone started clapping. Before long the 
entire crowtl burst into thunderous applause. 

Despite t~ numerous questions being demanded 
of him, Bill ju,st sat on the sidewalk, exhausted. 
Eventually, h~tried to answer a few of the questions, 
but many of specific details of his adventure had 
already fad lissfully from memory. 

"Mister,,M:fster," Pete pushed his way back through 
the crowd; "I think this is yours." He held out the 
envelopellhat had hit the lady in the chest. 

"If~H~kay, I don't want it. You keep it, as a souve
nir. I want to thank you for helping me get back where 
l Jl..:..,i!W'' " A:ue1bng. 

"Thanks mister! But it wasn't nothin'." Pete's face 
blushed red, and he began fiddling with the envelope. 

"Yes it was, and I plan to repay you. I'm Bill 
Dahlman, and you are?" 

"Pete Triton. Thanks again." Pete ran off, anxious 
to see what top-secret treasures his envelope held. 

"Triton? Pete! Wait! Wait!" Bill staggered to his 
feet, but Pete was gone. 
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IN 

()I( 

I~ 
~aur~, Qeetd 

I mages of mbots clad in breastplates and codpieces flashed on the lhe 
robots wrestled each other amid a barrage of laser beams. Just as a giant'laug!}Ing 
white robot leveled his gun at the downed leader of the foe, the television switched to 
a multicolored test pattern followed by the usual ear-splitting whine. 

Tommy got up in a huff from his sitting position just a few feet from the TV. He hated 
when these tests came on. Not only did they always seem to come on when something 
good was about to happen, but that awful noise hurt his ears. 

Tommy was not the only one irritated by this interruption. He could hear his parents 
in the dining room complaining about the loud whine and the increased frequency of the 
emergency broadcasting tests. The disturbances had been appearing every week tor 
the past few months. If so many people didn't like these tests, why were they on so often? 
What were they for, anyway? Tom my pondered these thoughts for a few seconds before 
going to his room to play with his toys. 

Across the street, someone knew the answer toT om my's questions. Jonathan had 
been casually watching early morning cartoons while drawing a picture of his house with 
his new box of crayons when he heard a familiar noise issue from the TV. He put down 
the blue crayon he had been using to color in the lawn and stared fixedly at the bars of 
vivid colors encompassing the semen. He enjoyed looking at the vertical bands 
because they reminded him of the brilliant flags he saw the soldiers carry as they 
marched through the streets after a victory. He yearned for the day when he could be 
one of those soldiers, standing proudly in the sight of everyone, waving his green, blue 
and red striped flag. But what good was a soldier who didn't understand the symbol he 
was holding? If anyone eve1· asked him, Jonathan knew how to respond: "Green, blue, 
red- we give thanks to the sea, land and sun, for it has given us the victories in battles 
we've won." 

He remembered the first day his mother had told him those words. It was a golden 
harvest morning and she took him out for his first time to watch the soldiers march 
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through the streets. Jonathan's eyes were as round and 
bright as moons when he saw the sea of flags pass by. 
When they had gone from sight and the cheering had died 
down to a few sporadic shouts, mom explained to him the 
life of the soldier and the meaning of the flag each one 
carried. From that day forth, he set his eyes on becoming 
a soldier. But it required training and hard work. He was 
too small and young to physically prepare himself, but he 
prepared himself mentally by reciting the motto of the flag 
each day. Soon, he knew he would be able to stand next 
to his mother as they walked down the street in unison, their 
flags nipping at each other in the light, swirling breezes. 
He could imagine dad towering above the spectators, 
grinning broadly as pride beamed from his eyes. 

The sound from the TV increased in pitch and startled 

Jonathan from his reverie. As he became aware of the 
noise, it seemed to get even louder. He then began his 
usual routine of listening intently to the noise that accom
panied the test pattern, hoping he could hear the ex
change of words muffled by the whine. He imagined his 
father nervously watching the three-minute timer as he 
spoke rapidly to the person on the other end. He could 
almost hear his father's hushed, hurried conversations with 
someone else deciding what to do during the few minutes 
they had before the test was over. He only wished he could 
really hear what they were saying, especially now, when 
the tests were on TV so often. He inched his face closer to 
the screen, concentrating even harder. Jonathan thought 
he could hear something faint, but looking only made his 
eyes sore and caused his head to hurt. 

Jonathan's eagerness was tearing him apart. He didn't 
know if he could sit for the minute or two left of the test. If 
only he hadn't asked his father what would happen "in the 
event of an emergency." He wouldn't be sitting here, 
waiting for the earth to be annihilated- his dad never told 
him what that meant - or waiting for something much 
more important. So far, each week he had waited eagerly 
in front of the screen only to have his hopes dashed as a 
blank screen appeared while an announcer declared, 
"This was a test of the emergency broadcasting network. 
In the event of an emergency ... " Nothing happened when 
it was only a test. Oh, how he wanted an emergency. 

lease, just this once, he begged to the sky, let it be an 

i vo1 from the set, claiming, "This was a 
test. .. " Jonathan's heart sank as he heard those words. He 
was so sure something was going to happen this time. He 
slumped from his erect posture as elation turned to sorrow. 
Suddenly, a large, gentle hand lifted up his downcast 
head. A face stared knowingly into Jonathan's querulous 
eyes. His father picked him up and whispered into 
Jonathan's ear the answer to his silent question: "Soon, 
John, soon." 

Jonathan's father brought him over to a giant mural on 
the wall. Three vast triangular steel-gray spacecraft swept 
across a star-speckled void. Formidable turrets protruded 
from the nose and wing-1 ike extensions on either side of the 
ships' hulls. Jonathan's father pointed to the leading ship, 
a green, blue and red band circumscribing its front end. 
"She said she'll be here soon, and she said she'll be 
coming in this ship." 

Jonathan's eyes brightened at his father's words. 
"Mama." 
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Travis Lemke 

A midst his yawn, the truck driver tried to 

remember when they constructed the reservoir 

at the base of the mountain. Environmental

ists and industrialists cheered at the prodigious 

work of man that would solve the valley's water 

problem forever. Adjacent to the natural 

edifice and the reservoir was a domed city. In 

the early morning light the truck driver had 

stopped at a scenic overlook on the only road 

into the community. As his truck sat idling 

near the sheer cliff, he watched an eagle soar 

above the substantial system of electric wires 

overhead. In his state ofintoxication he almost 

felt irresponsible as he urinated over the cliff 

and into the water. He took another sip of his 

warm beer and climbed into the cab. He soon 

forgot his actions as he fell asleep to the sounds 

of a new audiocube taken from the semitrailer. 

* 

Avoiding the numerous puddles and being 

careful not to step on any cracks in the side

walk, the Boy traversed the distance to his bus 

stop. He had the hype audiocube, "Heavy 

Water," pumping from his earphones. Above 

the drone of the empry tram overhead, a 

passerby could feel the bass and catch a few 

lyrics ... 

"Society believes nothing is wrong 

But that idea won't last too long 

We gonna need to change our way

Present, pronto, I mean today." 

Covering the tram and the city, the round, 

pink, translucent dome glistened. The morn

ing cleaning of air in the city had transpired 



and the puddles were all that remained of the artificial shower. Even 

though the cleansed air only lasted until mid-morning, when the air 

was tainted by the busy city, its Lysol-sponsored pine-fresh smell 

refreshed his lungs making him feel glad to be alive. Almost. 

A gust of air suddenly made him grimace. The scent reminded 

him of the time he had to clean the gym locker room at school, but 

worse. The vibration of heavy breathing on his earlobes interfered 

with his hip hop. Consequently, he removed his glance from the 

sidewalk in fear of being trampled. He thought that the origin of the 

breathing was a massive panting dog. He immediately wished he 

hadn't looked up. A round, portly woman was walking her Pitbull. 

The Boy returned his glance to the pavement and hoped he wouldn't 

get squished. 

We are treating our children like toys. 

Not looking out for our girls and boys. 

We are treating our world like glass 

about to drop it and fall on our ass ... " 

He leaned against a Max's Extraordinarily Wild Army Outlet 

Store window and thought she might rumble by, leaving him 

untouched, and more importantly, his Bandwagon brand shoes 

glaring white. The Boy glanced in the window and noticed five 

goldfish in a very small glass of water. He turned his attention to a 

motionless fish at the surface. He thought it was strange that Max 

did not take better care of the fish, but the thought soon floated away 

as the epicentrum millimetered closer. He realized it wasn't a dog 

that was wheezing, it was her. The Woman stopped and listened ... 

While we're sitting homeless, 

the man is rollin' in dough. 

While we're sitting naked, 

the chief is sniffin' snow. 

While we can't find work, 

the mayor is gettin' a ... " 

"Child, what are you listening to? What was that I heard? Was 

it foul language? Don't you know that this uncultured music is 

destroying your mind? I bet it already has. Are you listening to that 

gang music? You probably worship Satan, don't you? Boy, can't you 

hear me?" asked the Woman who was now sweating profusely. 

A drop fell from her forehead into an immense puddle, which 

was drowning the curb. The Boy had hoped someone would throw 

her back into the water, but she remained beached. 

"Ashes to ashes, dust to dust, Trying to dis me? You must be 

nuts," smartly responded the Boy as the bus pulled to the curb. 

She turned around just in time to catch the brown liquid sent 

in her direction by the slowing school bus wheels. 

"You juvenile jack ... " started the soaked Woman. She composed 

herself and continued scolding the Boy more gently, "Do not step on 

that bus, Boy." 

The Boy stopped his Cubeman as the steaming Woman ex-

plained the situation to the bus driver. The Boy overheard the driver 

say that he was glad someone was going to do something about "these 

kids," who are nothing like he was during his own model childhood. 

The Boy hopelessly stared into the immense puddle, which looked 

back at him with his own eyes. He could not clearly distinguish what 

he saw. U nforrunately, he was interrupted from his vision by a sharp 

pain running through his arm that jarred his Cubeman from his 

hand. 

In between deep breaths the woman snapped "Come with me 

young man. I'm going to teach you a lesson," as she dug her 

fingernails into the childish freckled skin of his arm. 

''I'll teach them a lesson," she thought. 

The cube popped out of the player and was submerged in the 

brown liquid. The puddle slowly began to bubble. 

** 

In a doctor's office, situated between Max's Really Wild Army 

Outlet Store and the Paramount Court Building, the Woman 

sought out help .... 

"Young man, would you please keep an eye on this boy while I 

see the doctor," patronized the Woman. 

"O.K.," rejoined the receptionist whose enthusiasm could only 

be rivaled by an old car's starter on a winter's morning. 

He chewed on a plastic straw from his water packet. 

The receptionist mumbled, "Young man, indeed! When will 

they start treating me with respect?" 
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He disgustedly tossed the almost-full packet of water in the waste 

receptacle. 
The Boy sat in the silence of the waiting room. In the silence he 

found his thoughts. He could not understand adults and their 

vexations with youth. Didn't they have anything else to worry 

about? 
"Doctor, you're telling me that I am in poor health?" asked the 

dumbfounded Woman. 
"Yes, I am afraid your cholesterol level has been and still is 

significantly excessive. Neither John Penn, the Quaker Oats com

pany, nor a plumbing service could unclog your al'teries." 

"John who?" 
"You have what we call in the profession, a case of ignoranus 

projectium." 
"Doctor, is that serious?" stuttered the Woman. 
"Yes, I am afraid so ... " and after she glanced at the cold tile floor 

she continued, "You may want to change your ways soon ... or. .. " 

"Or what, Doctor?" 
"Let's just say that if you continue to ignore your problems, you 

may have to consider entering an inanimate state until medicine 

He could not understand adults 
and their vexations with youth. 
Didn't they have anything else 
to worry about? 

discovers a cure for your condition." 
"What can I do? I'll do anything. Please doctor, help me." 

The doctor sighed as if she knew her efforts were in vain and 

stated, "First of all you must change your diet and stop ignoring the 

condition of your body. Secondly, you must reduce stress and stop 
worrying about others and concentrate on your own well-being. You 

were in perfect health before you started your personal crusades. 

Your health has deteriorated to the point where you have to do 

something immediately. It is essential that you concentrate on your 

job and break all outside time commitments." 
"Out of the question," retorted the Woman who left the office 

with the Boy, her Pirbul!, and the strengthened determination to 

prove the doctor and the world wrong. 

*** 

The congested streets did not help control the Woman's anger 

as she hailed a taxi. 
"I commissioned the building of a mass transit system and no one 

uses it," exclaimed the Woman as the taxi completed the five

hundred-foot journey to the courthouse. 
From the bouncing double chin of theW oman who now held 

him by his ear, the Boy's concentration shifted to the enormous 
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entrywayto the counhouse. The automatic sprinklers near the Ultra 

Supreme Court Building were watering the dandelions. The 

dandelions nodded appreciably under the pulse of water, which 
came dangerously close to hitting theW oman's PitbuH. The Pitbull 

stopped and glopped some run-off water from the sprinklers. As the 
Woman and her shoes appreciated the momentary rest, the Boy 

watched the steady stream of people flowing through the doors. 

They cursed the liquid spraying from the sprinklers, which damp

ened their salon-fresh hair-a consequence they thought they should 

be able to avoid, since the dimate and air control program worked 

fine. At least that is what they were told. The domed community 
was the first of its kind and was used as a model for similar projects. 

The early-hour dispersal of the reservoir-drawn artificial rain cer

emoniously followed its schedule, but the antiquated sprinkler 

systems still ran amuck. 
The Woman in the pink dress who now tightened her corset-like 

grip on the Boy, also seemed to mutter something under her breath 

as they entered the building. 
A security guard bravely stepped in the path of the Woman, 

"Excuse me, but no pets are allowed in the building." 
The large Woman seemed undaunted, "Don't you know who I 

am? And besides, anywhere not good enough for my dog is not ... " 

TheW oman continued arguing with the guard as the Boy turned 

his attention to another conversation. A man in a cream-colored 

dress shirt, which boasted a light blue pocket protector full of 

mechanical pencils, argued with a man in a black suit. 
"I must be able to talk with the Mayor," pleaded the man with 

the multitude of writing utensils, who noticed the Mayor arguing 

with the security guard. 
He fished a pencil from his pocket and promptly started che'Wing 

on tl1e graphite-tarnished eraser and simultaneously resumed his 
argument. "We must start on phase rwo of the construction of the 

infrastructure of this city. The condition of the city is deteriorating 

at an alarming rate. I have tried to reason with the council members, 

bur they chose to ignore the real problems of this community. I can't 
function in my position without the support of the Mayor. I do not 

see your justification of cutting my budget when it ... " 
The man in the black suit also noticed the Mayor and saw a 

chance for brownnosing. 
"Mayor," snapped the man in the black suit, who quickly 

asssumed the role of white knight, "I am deeply sorry for any 

misunderstanding. What may we do for you?" 
"I have charges to press against this younghooligan for disturb

ing the peace, loitering, harassing an adult and listening to obsceni

ties," replied the Mayor. 
As he was dragged into tl1e courtroom by his freckled ear, the Boy 

wondered how anyone whose body odor was worse than a wet dog 

could be elected Mayor. 
In the courtroom, the Mayor spoke about the youth of today and 

how she would help change the world if she could teach the young 

people of this community a lesson. Her speech dragged on for a 
length comparable to the food lines found after the breakup of the 



European Economic Community. She finally closed, " ... and as head 

of the CEPC, Commission for an Extra Perfect Community, I 

believe that music not authorized by our entertainment subcommit

tee should be banned from our community. I am to assume that all 

the audiocube shipment were about to go off. 

The truckdriver awoke with a terrible hangover. His trailer was 

blown from his truck. The explosion snapped a nearby electrical 

wire support that followed the trailer off the vertical drop and into 

the reservoir below. The dangling wires and the silent water came those here today know that music degrades the 

children. I am also predicting that if we ban this so

called music of our youth, incidents such as the one 

that transpired today, will disappear." 

The judge presiding over the court session awak

ened from a daydream of a chocolate sundae sighed 

and stated, "Thank you, Mayor. This case seems to 

The Mayor's grin disappeared as did her 
hopes to prove to the world that she was right. 

represent what is wrong with the community today." 

The Mayor gave a reaffirming grunt. 

The judge continued, "The youth of today show little respect for 

elders. Their minds are being corrupted by the messages 

bombarding them in their music. Therefore, I side with the Mayor 

on this account." 

The Pitbull drooled appreciably. 

"But, I feel that banning all controversial music would be 

unconstitutional, and does not follow the plan of the Really Perfect 

Community Charter of2016. Although I am forced to punish this 

child, the punishment will be lenient. I will model this child's 

punishment on the Mayor's entertainment subcommittee's highly 

successful parental warning stickers on musical products. This boy 

will be forced to wear clothes imprinted with warning holograms. 

These identifications will allow unsuspecting citizens to avoid these 

delinquents. Moreover, the warning program will make the commu

nity a safer place and raise the standard of living for the inhabitants 

of this community." 

The Mayor's grin disappeared as did her hopes to prove to the 

world that she was right. 

"Your Honor, the punishment is exceedingly light," responded 

the Mayor. 

"I also object," offered her attorney. 

"Oh, sit down and shut up," muttered the Mayor. 

The judge adjourned to a malt shop after he had saved the city 

from imminent destruction again. 

The courtroom emptied as the Boy entered the juvenile deten

tion department where he awaited processing. The Mayor lumbered 

blindly into her office located in the adjoining building. She was a 

determined woman of action. She had a cause. A purpose. 

The Mayor did not even kiss her Pitbull good night. She called 

an emergency meeting with the entertainment subcommittee of the 

Commission for an Extra Perfect Community. If the law would not 

help her cause, she would help herself. They did not know what was 

good for them. She could handle her life; she didn't need anyone 

telling her what she could do. It was time all those vintage terrorist 

movies she watched paid off. 

**** 
At her home, the contented Mayor believed she had been right. 

She looked at her watch. She knew that the charges she had set under 

into contact. The trailer, with its contents spilling into the 

hit the surface of the water. The water level gradually dropped as the 

surface bubbled turbulently. 

On the ensuing day, the Boy was waiting at his bus stop with his 

new cube and player. He wandered over to a store window where he 

saw that the goldfish were now all floating at the top of their confined 

environment. The store was closed. He also noticed that both the 

puddle and his cubeman from the previous day were gone. The 

hollow plastic remains of the cube sat near the curb. Dry. The air 

also lacked its familiar Christmas tree air freshener smell. 

The Boy did not hear that the tram was not running. Neither did 

he hear the absence of activity nor rbe silence of the streets. He did 

not hear anything but his music. Although he listened, he did not 

understand. Apparently neither did anyone else. 
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Bruce Dunsmore 

ekome! everyone!" said the Ring Announcer, "to the main event here 
ln downtown Minneapolis, headquarters of the North American Robot 

Fight Association! In the comer to my left, at a massive 297 kg, from Purdue, 
Indiana ... With a full head of steam, The Boi1er!l! To my right, the reigning 
champion and homestate favoritel From Hinckley, Minnesota at 232 kg, 
TractorPartzt!!!" 

After the bell rang it seemed more Uke a cock fight. Both bots dancing 
around feeling each other out, taking a jab every now and then to test the 
other's response. And then a quick jab and scrape at the cowling over 
Boiler's pneumatic lines at the hips. The cowling Hew into the crowd as 
Boiler jabbed like lightning at the optical sensor on Tractor. 
"AOohohAOAOAOohA!l!ll" 

Tractor screamed! This wasn't the sound of the damaged optical sensor, 
it was g~nerated by Tractor in response. It seemed odd to me that someone 
would program such a bone--chilling scream into a bot The scream would 
mean nothing to the feelingless opponent, but the crowd gasped as if a 
friend were just wounded. Then in a frenzy, the crowd screamed words of 
support to Tractor! Even Boiler fans were shocked into silence. 

For haH a dozen swipes, Boiler moved much faster than I thought possible 
but could not connect with Tractor. Obviously Tractor couldn't see very 
wen with one optical damaged. That made the next offensive strike so much 
more exciting to see. Tractor hit Boiler's body 10 times-one looked as if It 
would disable the left hip for the duration of the fight. The bell rang; my 
heart raced. 

In the second round Boiler was hobbling around swinging and jabbing. 
The few glancing blows dished out by Boiler were returned in quick succes
sion by Tractor. In a few minutes Tractor would wear his opponent down. At 
least I thought so. 

"ACHchAaak:kkK-ohOA!l!!" A very lucky blow to Tractor's "neck" proved 
beyond doubt that Newton's Second Law was stiH in effect! Tractor was 
screaming that chalkboards-scratching sound as the crowd watched 
siackjawed, unbreathing. 



Boiler was about to come down on Tractor and 
finish the job when the convulsing mass grabbed at 
BoHer's hip. Rolling out of the way a[ld ripping the 
pneumatic line out, Tractor stuck thll:dree end tif the 
pneumatic line into his external input. Boiler's valves 
must not have shut off fast enough because Tractor 
sucked the steam right out of Boiler! Three blows 
directed at Boiler's "head" powered partly from Boiler's 
own air and the match was over! 

Obviously Tractor still had too much air 'prel!istire 
his tanks because the next sound w~ that of passing 
Wind. I thought this appropriate because of where 
Tractor's emergency vent was located on his anatomy, 
The crowd collectively laughed at that sound as some 
wiped tears away. I wasn'tthe only one affected by 
those eerie screarns. 

The screams: l wonder if they could be used to 
dishearten enemy troops? Another research project for 
the people at DARPA. 

"Mr. Olson, Mr.Fer:ril Olson? My name is Ecurb 
E:romsnud from the Defense Advanced Research 
Projects Agency. The U.S. Army is very hiterested in 

using bots in an infantry support role. Your 
bot has a long record oh." 

"You're barking up the wrong tree. I can't 
help you. There is no way a bot can replace 
a human in a fight. People will always have 
the edge," Olson said. 

"Don't you see, Mr. Olson, the benefit In 
having cold ruthless fighting machines with 
no te~Jings used in a military operation. 
They would be unstoppable. AU we want is 
some insight into any programming or 
engineering you've putlnto Tractor. You 
would be doing your country a great ser· 
vice," Eromsnud continued. 

"I've. told you everything you need to 
know. Do your country a great service, 
listen to what I am saying, and go," Olson 
said. 

"Tractor is programmed to survive but 
what makes him win so often? And why the 
programmed scream- no other bot 
screams?" 

In a deep voice so soft that no one could 
overhear, Olson said this to me: "Every 
higher level bot is programmed to survive. 
Only Tractor was built and programmed to 
know why. We didn't program Tractor to 
scream. ln factwewere just as surprised as 
anyone when it first happened. It's a side 
effect of his ability to feel pain. He has a 
rudimentary feeling of pain." 
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A fifth-year senior in CLA, 
English Literature Major Robert J. Hofton 

IT freshman Laura Sachi 
has just started writing 
science fiction. 

is graduating in Spring. He 
started in the Aerospace Engi~ 
neering Honors program, until 
he decided computers were not 
his friends. His· primary influ
ence is William Gibson, who 
may just be the next great 
American Novelist. He intends 
toteachhighschool after gradu
ation, and also to continue to 
write both poetry and science 
fiction. 

Sometimes being frustrated with the pace 
of his scientific advance as a theoretical 
physical chemistry graduate student, Greg Hawkins 
occasionally turns to writing science fie~ 
tion. Unlike research, unclear results in 
short stories don't require months of addi
tional work, only an eraser or delete key. 

Chemical engineering senior Travis Lemke 
graduates this spring and will be job 
hunting. "One Puddle Short" is Travis's 
second science fiction story. He 
would become a full-time writer if his 
chemical engineering "hobby" did not 
take up all his time. He feels science 
fiction allows him to vent his creative 
ideas. It also provides a medium tor 
expression of ideas that do not have to 
be proven or justified. 

Bruce Dunsmore has a degree in In
dustrialEngineeringfrom UMDand 
has begun work at the U on a second 
degree- in Physics. This is the first 
science fiction story he's written. A 
budding entrepreneur, Bruce is in
terested in making money before he 
gets out of schooL He wants to move 
back up north. 

Steve Deyo 

Robert: Subiaga, Jr. 

J ues~ bios 
is a former Technolog editor and currently is editor in chief of the Computer User newspaper group. 
He reads SF avidly and speaks frequently on various topics in technology, writing and ethics. 

has been reading, writing and illustrating one form of speculative fiction or 
another since .. .well ... he has been old enough to read. A tremendous fan 
of the original Star Trek series and classic pulp authors and their literary 
descendants, his interests in fiction are also expansive enough to include 
everything from Harlan Ellison to John Gardner, Margaret Atwood, Hemingway 
and Shakespeare. A former graduate student in the philosophy of science, 
Bob also devours non-fiction books about science's cutting edge. His own 
writing includes screenplays, plays, poetry and fiction. Bob's novel "Eyes" has 
just been released by a local small press, XAOS BOOKS. For further informa
tion on XAOS, write Chaos Warrior Productions, P.O. Box 14407, University 
Station, Mpls., MN 55414-0407. 
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Science Fiction 

..• testin~m velocitll ol dlminMtive 
lilll'llillll tl"liliSiDOI'tliltion 
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Correciiom 
In the writer bio section of the Sc1ence Fiction issue, 
incorrect information was pnnted about Laura Sach1. 
Her bio should have read. Laura Sachi, a junior in 
Aerospace Engineering, has written much science 
fictiOil. The Technolog contest is the first to which she 
has submitted her work. Technolog regrets the error 
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by Reed Munson 
Reed Munson tried out palmtop technology with 
some humorous and intriguing results. He gives a 
quick overview of current palmtop computer technology. 

Consolidation of Nuclear Weapons 
Production: Several Options 
by Peter Kauffner 

The cold war is over. The United States government 
has to consider how to best manage its nuclear 
weapons facilities. Peter Kauffner describes several 
options the government is considering: building 
new facilities, upgrading existing facilities and 
taking no action. His piece may help you draw your 
own conclusions about the direction the United 
States should take in this issue. 

Now You See It, Now You Donmt 
by Tamara Lubic 

New photo technology may speed transmission 
of photos to publications and provide amateur 
photographet·s with interesting new techniques, 
but it raises issues of archiving. Tamara Lubic discusses 
the mmifications of a technology that makes 
it easter than ever to erase photo images~and part 
of our history. 

Ediforlai _____ Page 2 
Happenings Page 4 
Perspectives __ Page 5 
Dlveffsions Page 19 

About the cover . . . 
Peter Wong enhances his single photograph of 
runners by electronically cutting and pasting it. 
Used with permission of Peter Wong Photography 
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magine that you've been out of IT for a year or so. 
You're doing well. Yout- boss approves of your work 
and more importantly, trusts you. You start getting 

assigned more independent work. More travel. In
stead of letting you kick back with this month's dog
eared Time or People on your flight, they've got you 
working in the salt mines in the sky: message pad 
linked to laptop linked to the office. 

"What do you mean, you couldn't get that report 
done on the flight'? You had three hours! Get the lead 
out I" 

Ah, the joys of the "virtual" office. The "untethered" 
worker. Big Bmthernet has you wrapped in his 
cyberhug. 

Obviously, not every worket- will work independently 
of the office. But many IT grads eventually will. The 
increased use of technology to maintain contact with 
the workplace has brought changes in corporate cul
ture. 

Electronic communication may become insepa
rable from other work duties. As Samuel E. Bleecker 
wrote in the March-April 1994 issue of The Futurist, 
"The new mobile work force doesn't so much need 
computer devices that communicate as they need 
communications devices that compute." 

Written communication skills will become more cru
cial than ever: the less "face time" co-workers have 
with each other, the more clearly they'll have to write. 

English will remain the pt-imary communications 
language-the vagaries of the various Japanese 
scripts have ensured that. Ease of creating and trans
ferring information will do away with support staff who 
used to clean up some of those writing errors. 
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Moonlighting~even multiple moonlighting~will be easier than 
ever. When it's just you tip-tapping away in the corner cubicle, 
who's to know whether you're figuring the budget for your sec
ond job or faxing correspondence for your third. 

Risk will take on a new character when it can be done on 
semen instead of in real life. With new virtual business software 
you'll be able to simulate takeovers, sales and other gambles 
before you endanger real jobs. After all, if SimCity (that city
planning computer game) exists, why not SimLeveragedBuyour? 

Along with the obvious benefits~to white-collar workers, at 
least~of untethered offices come risks. Some are concerned, 
for example, about the new virtual communities springing up 
called MUDs~multi-user dimensions (some say dungeons). They 
invoke the image of a computer isolate geeking out in front of 
his or her screen 20 hours a weekend, neglecting real life. 

Although the lure of making real money instead of engaging 
in fantasy will keep business people from isolating themselves 
in that way, potential psychological risks of cyber~communicat
ing exist for those who go virtual for fun, not work. 

Effects of head-mounted displays on some virtual-reality us
ers can include vertigo and disorientation, Glenn F. Cartwright 
writes in the March-April 1994 issue of The Futurist. Those people 
who truly live alternate "virtual lives" for hours each day~or days 
at a time~may lose touch with reality at best, and actively avoid 
facing the challenges of real life at worst. 

Virtual work~and v1rtual play~probably won't substantially af
fect the majority of people living in the United States any time 
soon. But it will affect enough corporate decision-makers to be 
a legitimate concern for IT grads right now. 

When you're job hunting, look at your prospective company's 
"virtual environment" as well as its salary and benefits pack
ages. Don't get stuck in someone else's MUD. 

Editor Corinna Nelson 
Editor-in-Training James Mathewson 
Art Director Sandra Johnson 
Associate Editors John Colburn 

Photo Editor 
Diversions Editor 
Writers 

Copy Editor 
Photographers 

mustrators 

Tamara Lubic 
Dilip Vishwanat 

Scott Taschler 
Peter Kauffner 
Tamara Lubic 
Reed Munson 

Kelly Maynard 
Mark Trackman 
Dilip Vishwanat 
Shannon Gilley 

Jennifer Hughlett 
Robert Subiaga, Jr. 

Ad Manager 
Business Manager 
Circulation Manager 

Marc Rindels 
Bob Eue 

David Thomas 

IT Board of Publications 

President Jeff Conrad 
Vice President TiffanyChung 
Adviser Herb Harmison 
Members Eileen Arcilla 

Jeff Conrad 
Tiffany Chung 

Bob Eue 
Mark Fjellman 

DaveGrinell 
Will Keller 
Mark Kim 

Marc Rindels 

Editorial Offices 

5 Lind Hall, 207 Church St. SE, University of 
Minnesota, Minneapolis, MN 55455, (612) 
624-9816. 

Minnesota Technolog (ISSN #0026-5691) is 
published six times per academic year for 
$12 per year, $2 per single issue by Institute 
of Technology Board of Publications at the 
above address. Second class postage paid 
at Minneapolis, MN 55401. POSTMASTER: 
Send address changes to Minnesota 
Technolog editorial offices, as listed above. 

Opinions expressed in Minnesota Technolog 
are not necessarily those of the University 
of Minnesota, the Institute of Technology, 
the IT Board of Publications, nor the editor. 
All fiction and semi-fiction must not be con
strued to represent actual persons, living or 
dead. Copyright © 1993 by the Institute of 
Technology Board of Publications. All rights 
reserved. 

JUNE 1994 " 3 



Solar u s dular 
• 
• 

For the U of M Solar Vehicle production team, the 39 other 
vehicles they will face in the 1995 Sunrayce Solar Vel1icle 
competition ore the least of their problems. Minnesota's short 
solar vehicle testing season-May to October only-presents 
a bigger challenge. 

Sunrayce, the thir·d major intercollegiate solar cor race, 
starts in Indianapolis and ends in Golden, Colorado. 

The Solar Vehicle Project is tackling its short vehicle sea
son by using coordinated advance planning. SVP plans to 
have a running chassis pod by the summer of 1994. Testing 
of the integrity of the frame and suspension will begin by 
then also. 

So far, 30 entries have been accepted by tile Deport
ment of Energy for the race. Up to l 0 more may also race if 
they qualify at a closed-track event held one month before 
the main race. 

Both the U of M's Mechanical and Electrical Engineering 
departments ore offering senior courses concerning the 
design of the car. ME students ore working on a chassis, EE 
students on a dynamometer. 

After Sunrayce '93, review sessions organized by 
Minnesota's team concluded that future vehicles would 
require more testing time. A proposed modular vehicle de
sign will make it possible to test the vehicle earlier in the 
production process. 

Forty undergrads-from IT and elsewhere-ore involved in 
the SVP They're raising money for the projected budget of 
$300,000 by promoting their"adopt a cell" program, through 
which those interested in the car can sponsor it. 
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James Mathewson 

ecent controversy in the University's administration focuses on writing 
requirements. The Council of Liberal Education (CLE) is asking depart
ments to plan for writing-intensive courses. The official reason is a need for 
better writing in all fields. At the same time, Julia Davis, dean of the 
College of Liberal Ans ( CLA), has proposed cutting upper-division writing 
requirements, reportedly due to budget constraints. Both sides claim that 
CLE requirements are meant to replace CLA requirements. Since CLE 
requirements predate CLA budget cuts, this seems like a post hoc justifica
tion to me. 

Regardless of administrative rhetoric, CLA requirements should stay 
intact, because of the nature of future employment. Job markets will 
increase emphasis on writing skills. The computer age has not dampened 
the need for good communicators; it has heightened that need. The faster 
our international communication systems become, the better communica
tors we need to be. And technology will continue to drive the need for 
good writers. 

For IT students, CLA upper-division writing requirements mean techni

The faster our international communi
cation systems become, the better 
communicators we need to be. And 
technology will continue to drive the 
need for good writers. 

cal writing. This is important because technical 
communication will continue to be the most sought
after skill. 

One good reason is the International Standards 
Organization (ISO). ISO 9000 requirements ensure 
that companies doing business with the European 
Community have substantial quality-assurance systems, 
written in a multilayered manual. Each layer represents 
a type of quality assurance within the company. Since 

these quality-assurance systems must be maintained in individual depart
ments, everyone within a company is responsible for a share of the docu
mentation. Companies can't simply hire technical writers to do the entire 
manual. In some cases, technical writers will train workers in documenta
tion techniques. In other cases, technical writers will organize the manual. 
But much of the writing will be done by engineers, designers, programmers 
and line managers. 

A company applying for ISO 9000 certification will be extensively 
audited by ISO representatives. Much of the auditor's job is to review the 
quality assurance manual, and engineers are sometimes spot-tested on their 
proficiency with portions of the manual under their responsibility. This is 
why companies seeking ISO 9000 certification have to train engineers 
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to document their quality assurance systems. 
More companies are trying to bring their documentation 

systems in line with ISO 9000 requirements. As a teaching 
assistant for the Mechanical Engineering Co-op program, I 
read a lot of reports each quarter from student interns 
assigned to help with the documentation systems; it's a big 
job. ISO continues to add standards to irs 9000 suite. For 
example, one of the most recent additions- ISO 9000-3 -
requires, among other things, that all computer software 

companies document their manual-writing process, requir
ing programmers to get involved. Essentially, they are 
documenting their documentation. 

But ISO 9000 is not the only reason future engineers and 
programmers need to be good communicators. New 
engineers who fail to avoid tech-speak will lack a competi
tive advantage. Most jobs today require writing clearly for a 
general audience- including engineers from other depart
ments, marketers and management. This is what technical

writing classes are about. 
While individual departments can teach these skills, they 

would need to hire teachers skilled in technical communica
tion. Engineering teaching assistants may know how to 
write, but they probably can't teach writing as well as 
trained writing teachers. To teach writing requires knmvl-

edge of current communication models. This is why 
technical-writing instructors here at the university major in 
English, rhetoric, linguistics or philosophy. One can't solely 
tell students how to write; one must explain why. 

If CLE requirements merely replace CLA requirements, 
engineering departments would have to hire technical 
writing instructors from the composition and rhetoric 
departments. This would not save money; it would simply 
divert funds from one department to another. 

My question is, why not have both? Technical writing 
classes can explain to students why they should, for ex
ample, assume their readers knmv little about the topic. 
The departmental writing assignments, on the other hand, 
can clue students in on the particulars of writing in their 
fields. It seems to me this was the intent of those who drew 
up CLE writing-intensive requirements in the first place. 
CLE requirements should be carried through as originally 
conceived-as a means for much-needed improvement of 
undergraduate writing experiences, not as a means of 

creative accounting. 

Sources 

\X1eiss, Edmond H. "The Technical Communicator and ISO 9000," 
Technical Communimtion, Second Quarter 1993, pp. 234-238. 

For further reading: 

Gumpp, Gunther. "ISO 9000: Questions and Answers & Quality 
Systems Manual, Quality Control Systems and Services," 
1992; PO Box 4417, San Clemente CA 92674. 

Weiss, Edmond H. "The ISO 9000 Quality Manual: a Handbook/ 
Workbook." Edmond Weiss Seminars. 1612 Crown Point Lane, Cherry 

Hill NJ 08003; (609) 795-5580. 

When he's net occupied with his editor-in-training duties, 
James writes science and technology stories fer The Min· 
nescta Daily, where he has taken a new job as opinions 
editor. He is also a teaching assistant in mechanicam en· 
gineering. He is changing academic departments from 
philosophy to rhetoric, where he wm pursue a M.S. in 
scientific and technical communication. mn his spare time, 
James paints watercolor landscapes, enjoys a variety of 
music, reads mystery novels and is practically obsessed 
with basebaU. Oh, and of course there's Star "fi'ek. 
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Reed Munson 

almtop computing is one of the latest developments in the 
computer industry's unending quest for smaller, faster and 
cheaper machines. These new comp Jters utilize several cut

ting-edge technologies and could poin the way to the future of 
desktop computing. 

Several palmtop computers are on th,') market; Apple 
Computer's Newton MessagePad, the ~;harp Wizard and the 
Casio Zoomer are among the most popular. These PDAs (per
sonal data assistants) are being used r:: rimarily as organizational 
and communications tools. Introduced :;hartly before Christmas, 
palmtop computers have been popular with business people 
because the software they use manages large quantities of 
information efficiently. 

Software tools such as to-do lists, adcress books and calendar/ 
daytimers are common to all PDAs. These tools work essentially 
the same way as their pen-and-paper c:Junterparts, but since 
they can access and store their data wi h the help of micropro
cessors, these organizational applications are much faster and 

more accurate. Th<a processor that several 
Myl<>r 

of the most poplJar palmtops utilize is the 
ARM 610, a 20 MHz 32-bit RISC proces-

rnetal sor from ARI\ii Ltd. Compared to 
central processing units used in 

desktop rrachines, the ARM 610 is 
twice as fast as Intel's 386 pro
cessor end Motorola's 68030 
process:x 

'\'r--·--·----· ··-----·-- -·----

ThE main selling feature of 
these personal data assistants is 
their handwriting-recognition 
capabilities. Using a pencil-like 
plastic vvand, or stylus, you write 
on the computer's screen. The 
LCD tm ch screen is designed to 
transfer the pressure of the 
writing ~:tylus through three 
layers ir1 the screen: The first 

LCD 

layer is a piece of Mylar coated 
underneath with transpa1·ent 
metal; the next is made of a gel 
that contains microscopic 
plastic halls; the third 
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is a piece of glass coated on top with transparent 
metal. 

When you ·'write" on the PDA screen, the pres
sure of the stylus pushes the tiny plastic balls in the 

gel layer out of the way. The two metal surfaces 
touch, creating electrical resistance. The palmtop's 
system software recognizes this resistance and 
directs pixels at the location of the resistance to 
darken on the LCD screen. 

After a word is written on the screen, the PDA 
transforms the writing into clean, formatted text: a 
neatly typed phrase-as if typed with a keyboard. 

Writing on the screen and instantly viewing what's 
written in "digital ink" is one thing; having the 
palmtop understand and recognize what has been 
written is another. Handwriting recognition, while 
one of the most sophisticated innovations of 
palmtop computers, is one of their weakest fea
tures. Imagine trying to read a stranger's handwrit
ing and then typing out what you just mad-or 
thought you read. This is exactly how handwriting 
recognition works. The PDA software recognizes 
individual handwritten letters and words and then 
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transforms them into easily readable type. Prob
lems arise quickly and frequently, however. 

The first time I worked with this handwriting
recognition feature, I tried writing my name. A 

second after I signed my name, the 
palmtop's screen displayed: "freed lighters." 
Most users will find that it takes some time 

for a palmtop computer to get used to their 
handwriting, but using a PDA is a two-way 
exchange. The more you use the computer, 
the more familiar the recognition software 
becomes with your handwriting. And as you 
use the palmtop, you learn to adjust your 
handwriting so the PDA recognizes it more 

easily. 
In addition to handwriting recognition, the new 

palmtop computers feature state-of-the-art commu
nications capabilities. Wireless data transmission is 
a feature built in to most popular PDAs. Data can 
be sent between two palmtops via an infrared 
beam. Beaming uses the same concept as a TV 

remote control, with which digital information is sent 
and received using an infrared transceiver. The 
computers must be within three feet of each other 



in order to send and receive the beam. 
Most palmtops also have data/fax modem capa

bilities. Using the modem, palmtops can connect to 
such services as the Internet and Compuserve, as 
well as send and receive faxes. ;\ PDA can also 
serve as a beeper, which usually requires purchas
ing a PCMCIA-based pager care!. 

This spring computer compani·9s introduced the 
second generation of palmtop computers. The first 
palmtop computers were heavily hyped, but failed 
to live up to users' expectations. The new PDAs are 
confronting and fixing the problems users have 
reported. Many users were disappointed with the 
poor performance of the handwriting-recognition 
feature, which was advertised as one of the PDA's 
major uses. Writing on the new palmtops is more 
accurate, and newer models also have more RAM 
and longer battery life. In the near future, look for 
PDAs with built-in cellular phones, larger displays 
and faster modems. 

Palmtop computing is still in its infancy. The 
palmtops on the market today can be compared 
with early personal computers. In comparison with 
the machines on our desks (and in our laps) today, 
those old IBM ATs and Mac 128Ks seem like obso
lete calculators. Palmtop computing is destined to 
go the same route. Today's PDAs will no doubt 
seem feeble in contrast to the palmtop computers 
created five years from now. 

Bartman, Henry. 'The Newton Generation" MacUser, October 
1993. 

Desposito, Joe. "Computing on the Go." Microcomputer Journal, 
March/April i 994. 

Cohen, Raines. "Slimmed-down MessagePad "MacWeek, Feb
ruary 14, 1994, Vol. 8 No.7. 

Newton In-Store Demonstration Program Training Materials. Train
ing session manual provided by Apple Computer and Ameri
can Passage company Taught by Jane Keer-Keer, November, 
1993. 

MUISOI is a senior in the School of 
Journalism. He win graduate 
this June. Upon graduating, 
Reed plans to crusade 
against DOS chauvinists and 
to convert them into 
Macintosh users. 

JuNE 1994 <> 9 





DOE would like to replace these aging facilities, 
close down unneeded sites and consolidate func
tions to create Complex 21, a weapons production 
and disassembly complex for the 21st century. 

In a notice of intent released in July, Peter Brush, 
the DOE's principal deputy assistant secretary for 

Appropriations fo~r DOE atomic ilii!l"i@il:ll'g)' 
(billions of dollars) 
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SOURCES: Congressional Quarterly, Budget of the U.S. Government 

environment, safety and health, outlined three 
alternative approaches to reconfiguration: con
structing new facilities, upgrading existing facilities 
and "the no-action alternative." 

One advantage of building new facilities is that it 
would allow the DOE to consolidate all functions 
dealing with each special nuclear material at a 
single site. This would end the current "duplicative 
infrastructure and overhead costs" as well as the 
"needless transportation of nuclear material be
tween sites," according to Brush. 

The major special nuclear materials are pluto
nium, tritium and uranium/lithium. In addition, Brush 
argues that warhead assembly and disassembly 
should be done at a single site, together with work 
on high explosives. These functions would be 
performed at separate "modules." The modules 
could all be at a single, giant Complex 21 site or 
spread out among several sites. 

The five candidate sites for building new facilities 
are: the Savannah River Site in S.C.; the Pantex Site 
near Amarillo, Texas; the Nevada Test Site near Las 
Vegas; the Idaho National Engineering Laboratory 
and the Y-12 plant in Oak Ridge, Tennessee. 

The upgrade and nt!N:u::tion alternatives 
Under the "upgrade in place" alternative, existing 

facilities would be modified to meet anticipated 
needs. "We think that the upgrade option is the 
most likely because Congress won't want to fund a 

new facility," said Ralph Hutchinson of Oak Ridge 
Environmental Peace, an anti-nuclear watchdog 
group. The Complex 21 proposal "is a toy for 
scientists like the supercollider or the space sta
tion," said Hutchinson. 

Proposed upgrades include increasing the ca
pacity of the uranium/lithium plant at Oak Ridge 
and expanding the plutonium pit manufacturing 
plants at Los Alamos National Laboratory and 
Lawrence Livermore National Laboratory. No 
existing DOE facility can be upgraded to produce 
tritium, so "a new tritium production source 
needed," wrote Brush. 

The "no-action" alternative would not meet the 
"requirements for the maintenance of the future 
weapons stockpile" and is therefore "not consid
ered to be reasonable," according to Brush. 

Rocky Flats 
The Rocky Flats Plant in Golden, Colo., is per

haps the most troubled site in the nuclear weapons 
complex. It was used to produce plutonium "pits" 
until 1989, when it was cited for safety violations by 
the Federal Bureau of Investigation. 

A pit-a hollow sphere of plutonium in the core of a 
nuclear warhead-is a fission nuclear device similar 
to the one dropped on Nagasaki in 1945. The 

Atomic energy programs of the 
Department of Energy: Appropriations 

for fiscal year 1994 

Mater·ials 
production 
$0.56 

(billions of dollars) 

Congressional Quarterly 
Dec. 11, 1993 

explosion of the pit triggers nuclear fusion in the 
surrounding tritium, a type of radioactive hydrogen. 

Anti-nuclear feeling is strong in Colorado, and a 
proposal to restart the plant caused "a great deal of 
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alarm to people in the Denver metropolitan area," 
said Sen. Timothy Wit·th (D-Colo.) in a 1991 hearing 
of the Senate Armed Services Committee. 

Savannah River Site 
The Savannah River Site, with nearly 22,000 

employees, is the largest U.S. nuclear weapons 
site. It's also the DOE's center for tritium storage 
and processing. Since tritium disintegrates at a 
rate of 5.5 percent annually, the tritium reservoir of 
every U.S. nuclear warhead is brought to Savan
nah River for replenishment every few years. 

Congressman Butler Derrick (D-SC), whose 
district includes the Savannah River Site, told a 
House appropriations subcommittee that "the 
strongest attribute of the site is the overwhelming 
support of the surrounding community, tile state, 
and the South Carolina congressional delegation." 
South Carolina has several members of congress in 
senior positions on the Armed Services committees 
and on the House Rules panel. 

Tritium production at Savannah River was shut 
down in 1988 due to safety concerns caused by an 
operator error. An attempt to restmt the plant in 
1991 msulted in a tritium leak. Brush says the 

BUILDING 772-lF 

[ 
LEAK 
2ND L 

SOUTH__) 
WAll !!......--

TO WASTE~ 
HOLDING 
TANK 

In 19!311, soil au:ljacemt to the Savanm;,h River Site 
B11.11ilding 772·1 !F was c~~:mtaminated d11.11e to piping leaks. 
location of the three leaks in Building 712·1 !F of the 
site. 
Diagram taken from: ~'Augmented Evaluation of Soil Contamination at the 
Savannah !River Site Outside lilluilding 77.2-1 F," July 1991, United States 
Department <>I Energy. 
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shutdown "effectively eliminates the DOE's ability to 
produce tritium to support the projected stockpile 
requirements." 

The DOE projects that if the United States 
chooses to maintain all of the nuclear weapons it is 

allowed under START II, its current stockpile of 
tritium will last only until 2008. Recent plans to scale 
down the nuclear stockpile have reduced the 
projected need tor tritium. "Three years ago, it was 
thought that we would have to build a new reactor 
to produce tritium, but now the thinking is that a 
linear accelerator might produce enough tritium to 
meet our needs," said Rick Ford, a public affairs 
specialist for the Savannah River Site. 

To avoid the cost of building a new facility to meet 
tritium needs after 2008, Sen. Jim Exon (D-Neb.) 
has proposed that the United States buy tritium 
from foreign nations. Several nations produce 
tritium in commercial reactors that also produce 
electricity. This cannot be done in this country 
because of a longstanding federal law that forbids 
the use of civilian reactors for military purposes. 
This restriction was imposed in the hope that if 
other nations followed the U.S. example, nuclear 
proliferation would be slowed. 

Of course, importing tritium would mean that the 
U.S. nuclear weapons program would no longer be 
self -sufficient. 

Pantex 
Pantex now does disassembly and high explo

sives work and also stores plutonium pits after 
disassembly. "Pantex's safety and environmental 
record has been one of the best in the nuclear 
weapons complex," said Amarillo Congressman Bill 
Sarpalius (0-Texas) at a 1992 hearing of a House 
appropriations subcommittee. "Local newspaper 
polls find support for expansion [to be] as high as 
85 percent," he said. 

Pantex boosters focus on its site's potential tor 
expanded storage and processing of plutonium. 
The plutonium "is already here and facilities can be 



expanded more cheaply here than anywhere else," 
according to Walis Madden Jr., co-chair of Pan
handle 2000, an Amarillo-based group which 
promotes Pantex expansion. 

"Pantex is the logical repository for plutonium, 
particularly if it is to be used in research," said 
Madden. Three Texas universities, Univmsity of 
Texas, Texas A & M and Texas Technological 
College, have proposed that a research consortium 
be formed that would allow their researchers to use 
the facilities at Pantex. 

Other sites 

engineer and a former vice president of the Edison 
Electric Institute: "The fuel can be manufactured 
under tight controls and once it's in fuel form, 
control is easy." 

Plutonium production at Hanford, Wash. was 
halted in 1987 as a result of safety concerns. Since 
warhead disassembly supplies the DOE with a 
growing stockpile of plutonium, there are no plans 
to restart production. Plutonium has a half-life of 
24,000 years, compared to 12 years for tritium. 
Hanford was considered as a possible site for a 

future weapons facility in 
a 1992 implementation 

Some Nevada politi
cians adamantly oppose 
the high-level nuclear
waste storage facility the 
DOE is building at Yucca 
Mountain, near the Ne
vada Test Site. Sen. 
Richard Bryan (D-Nev.) 
denounces DOE propos
als to store plutonium at 
NTS as an attempt to get 
Nevada to accept nuclear 
waste under "another 
name." But Nevada's 
other U.S. senator, Harry 
Reid (D-Nev.), says that 
"the issue should be 
studied." NTS has an $89 
million warhead disas
sembly plant which is 
nearly complete. 

ANTI~NUCLEAR ACTIVISTS WOULD LIKE TO SEE 
PLUTONIUM DISPOSED OF PERMANENTLY AFTER 
BEING REMOVED FROM A WARHEAD. 11PLUTONIUM 
HAS ONLY ONE PURPOSE- MAKING BOMBS/~ SAID 
DON HANCOCK OF THE ANTI~NUCLEAR SOUTHWEST 
RESEARCH AND INFORMATION CENTER IN 
ALBUQUERQUE, N.M. 11WE NEED TO GET RID OF IT 
SO IT CAN NO LONGER BE USED IN BOMBS.~~ 

plan, but is no longer 
being considered be
cause "the Department 
considers it unreasonable 
to ... spend billions of 
dollars in order to restore 
[Hanford] for other uses, 
and then reintroduce 
nuclear weapons program 
construction and opera
tion activities which will 
prevent other uses of the 
site for the long term," 
wrote Brush. 

Anti-nuclear activists 
would like to see pluto
nium disposed of perma
nently after being re
moved from a warhead. 
"Plutonium has only one purpose- making 
bombs," said Don Hancock of the anti-nuclear 
Southwest Research and Information Center in 
Albuquerque, N. M. "We need to get rid of it so it 
can no longer be used in bombs." 

France, Japan, Germany and Switzerland already 
use reprocessed plutonium-the plutonium ex
tracted from nuclear waste-to make electricity in 
commercial light-water reactors, the same type of 
reactor used by U.S. utilities. Hancock questions 
whether such an arrangement includes "safeguards 
to make sure Iraq and Libya don't get any pluto
nium." 

But according to Loring Mills, a retired nuclear 

The DOE is funding 
research by General 
Atomics of San Diego on 
burning undiluted weap
ons-grade plutonium in a 
modular helium reactor. 
Edward Davis, president 
of the American Nuclear 
Energy Council, the 
commercial nuclear 
industry's lobby, suggests 
that if such a reactor was 

built at NTS, it would provide both jobs and electric
ity for Nevadans while disposing of warhead pluto
nium. 

The Idaho National Research Laboratory has long 
been one of the largest employers in Idaho. Some 
52 types of reactors were developed at the site 
since it began operation 40 years ago. In 1986, the 
DOE proposed building a $1.2 billion plutonium
production facility at INEL. At the time, the proposal 
was a crowd pleaser and a feather in the cap of 
then Sen. Steve Symms (R-Idaho). But a fickle 
Idaho public later turned against the idea, and the 
DOE dropped it in 1990. 

Y-12 is one of three DOE plants in the Oak Ridge 
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Reservation, which has a total employment of about 
15,000. Oak Ridge has historically been at the 
cutting edge of weapons research. "Most good 
things in the nuclear weapons program had their 
genesis in Oak Ridge," said former Oak Ridge 
mayor and DOE site supervisor Roy Pruett. Y-12 
now disassembles and stores the uranium and 
lithium parts of nuclear weapons. "It's the Fort Knox 
for uranium," Pruett said. Proposals to expand Oak 
Ridge have the support of the Oak Ridge City 

Council and "very, very positive support" from all 
the communities surrounding the site, according to 
Pruett. 

The components of nuclear weapons that do not 
use special nuclear matmials are currently manu
factured in Mound, Ohio; Kansas City, Mo. and 
Pinellas, Fla. In 1994, the DOE plans to begin 
consolidating these activities at the Kansas City 
plant. 

Meanwhile, the efforts to consolidate DOE sites 
that deal with special nuclear materials continue to 
inch forwmd. Decisions concerning which sites will 
be shut down and which ones will be upgraded 
"will be made by the Galvin Commission, and their 
repmt is expected this fall," said DOE press secre
tary Christie f<.ieffer. 
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s digital photography relegates darkrooms to the Dark Ages, will the "Kodak 

Moment" become a nanosecond in cyberspace, lost forever to history? 

Preserving the past is one of the challenges of future photo technology, 

but no one's wedding or family reunion memories are in jeopardy just yet. 

Although a few digital cameras are available on the consumer market, their 

quality and price mean that most people will be snapping, developing and 

storing photos of vacations and celebrations the old-fashioned way ... at 
least for a while longer. 

Dave Husom, assistant 

professor in the Department 

of Extension Classes, says, 

"What drives the photogra

phy market now is the ama

teur photographer, but the 

amateur be last to use 

this technology because of 

price. Amateurs want quick 

and cheap." He says the new 

technology has hit the com

mercial market first. 

Husom has been teaching 'iii 
noncredit courses in digital i 

!!: photography through the .c 
Ill 

Continuing Education :; 

Compleat Scholar program 

since 1992. The classes are 

held after business hours at A St. Pa1.1! Pioneer Press librarian views pawt of a men1.1 of photos 
able from AP. 

Dicomed Inc., a manufac-

turer of electronic imaging equipment headquartered in Burnsville. 

In the basic "old world" of commercial printing, Husom explains, "One 

person would take a picture, develop it, hand it to a separator, who would 

give it to a platemaker, who, in turn would give it to the printing press 

operator. With digital technology, graphic designers can do separations and 

page layouts, and so can photographers." One result, Husom notes, is that 
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engineers will need to know more about 
color, graphics and printing. He cites a 
1990 book by Fred Ritchin that over-
views rhe future: "In Our Image: The 
Coming Revolution in Photography: 
How Computer Technology Is Chang
ing Our View of the World." 

Husom says, "The people who will 
lose out first are the color separators. The 
photographer will take a picture, get the 
negatives developed and feed them 
through a scanner. The next step will 
be getting rid of film. You'll go directly 
from camera to page layout." \i\lhere this 
will be useful, he says, is in capturing at
the-scene events in politics and sports
things that happen very quickly. He 
adds that although a third generation of 
Kodak digital cameras is still not film 
quality, a test camera that the company 
had at the Olympics in Lillehammer for 

journalists' free use became popular in a 
flash. He says, "No one wanted it until 

Tonya Harding and Nancy Kerrigan 
were skating; then people were fighting 
to be the first to send photos back to the 
U.S.'' 

Not surprisingly, one of the biggest 
customers for the new digital photo tech
nology is The Associated Press. A re
cent issue of Information WEEK reported 
that "A typical newspaper receives 350 
photos a day from The Associated Press 
alone, 85% to 90% of them in color." 

In 1992, AP introduced the 
PhotoStream service, which electroni

cally delivers digital photos to newspa
pers. According to Information WEEK, 
as part of the service, AP now installs its 
Leaf Picture Desk, a digital imaging sys
tem developed for AP by Leaf Systems 
Inc. 

But Linda James, head librar
ian for the Saint Paul Pioneer Press, 
says that since the system's incep
tion, archiving has been a problem. 
The volume of photos flowing into 
newspapers from wire services 
means that news librarians have al
ways had to make decisions about 
what to keep. 

"You apply the same principles 
the photographer does," James says. 
"Does it have news interest? Does 
it tell a story, or is it the 3000th 
photo of a celebrity? Our photo col
lection goes back to the turn of the 
century." 

Selection and storage has 
"never been a precise system," but 
James says that the historic value 
of many of the saved photos is hard 
to estimate. 

1;i The new equipment, however, 
; has limited capability for long-term 
'fii storage of images. She says, "If you 
S: have two feet of shelving in a book 
1:1, 

:S library, and you try and put more 

Multiple images can be viewed li::ll than two feet ofbooks on it, they'll 
on screen simultaneously. fall off the end. When this system 
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reaches capacity, the same thing hap
pens." 

James cites statistics showing that 
about 30 percent of the images appear-

David Knopp, principal engineer 
Dicomed, Inc. and a 1984 IT grad 
mechanical engineering, says he hE 
also done about "99-and-a-half" ~E 
cent of the electrical engineerir 
coursework. 

Knopp explains that the credentia 
of his engineering co-workers incluc 
bachelor's degrees in chemistry ar 
chemical, mechanical and electric 
engineering.:...as well as a master's d 
gree in divinity. About one-third a 
IT grads. The main requirement for 
job in his field, he says, is a stror 
math background and a goc 
grounding in physics. 

Another key, he says, is taking "th 
liberal electives that a lot of enginee 
don't want to take." For exampl 
Knopp, emphasizes the value of 
second language in today's world. 1-

has found his French minor useful ar 
suggests that German would also r 
a good choice, since many journal~ 
Ucles on film and photo technolo\ 
are published in German. 

Knopp says the liberal-electi' 
training can help in other ways. Tyr 
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!ciated Press Director of Technology Marketing. 

ing in the newspapers come through a 

news library, meaning that they are 

pulled from storage. She says one of 

the dangers of lacking archival capabil-

·11y, in finding a solution to a nebu
s on-the-job problem: "You need 

draw from a lot of disciplines to be 
to make it fly." He also notes the 

portance of understanding busi
. "Things that are technically 

. sible may not be economically 
lSSible." 
Knopp says that one of the emerg
] concepts in the industry is de
.::e-independent color, which en
res that photo colors from different 
urces can be matched. The pro
ss r-equires significant mathemati-
1 manipulation, particularly "map-
1Q from one 3-D space to another." 
Knopp says, "In general, the photo 
arket is going to get a whole lot 
)re electronic. The more you know 
out it from beginning to end, the 
tter off you're going to be." And he 
ys that someone who is a photog
Dher by hobby is going to be "way 
ead of the game." 
Knopp offers a final bit of advice 
all electrical engineering majors: 

g_y attention in Bill Perla's analog 
!Ctronics class!" 

ity is that something that seems like an 

insignificant incident at first may be

come one piece of a larger news story 

days or months later. 

"When you think about historic im
ages like the raising of the flag at Iwo 
Jima," she says, the implications become 

clear. "Fortunately, in the past year or 

so, enough people realize the impact, and 

archiving systems are being [more ag

gressively] developed. In the future I 

think what you're going to see is exten

sive photo-archiving libraries available 
to newspapers and researchers." 

training and education." 

The "camera-to-page-layout" capabil

ity of the new digital imaging systems is 

also becoming popular in science re

search and publication. Dr. Fred Boyd, 
Assistant Professor in the University 

Medical School's Lab Medicine and Pa

thology department, uses it in conduct

ing electrophoretic densitometry tests. 

The tests measure the photographic 
density of DNA bands and separations 

via transmitted and reflected light. In 

the past, the test required a dedicated 

densitometer that cost about $10,000. 

The Air leaf Desk Screen allows newspapers to 
view images at enlarged sizes. 

James notes that the move to digital 
transmission and storage of data in the 

news industry has other repercussions; 
one of the television networks this year 
decided to send its fall lineup to news
papers on CD-ROM. She says, "What 

about the smaller newspapers of the 
world? There's a huge gap between what 

can be done with technology and what 
is being done in the real world, and clos

ing that gap can be expensive; it requires 

Today a Macintosh Hex with a digital

imaging board connected to a Sony 
CCD camera-combined with public do
main software from the National Insti

tutes of Health-can do the same thing 
for about $4,200. 

At the point of previewing an image, 
Boyd says, "The only cost we have so far 
is electrons. If we like it, we can print it 

out." Without ever going to photo, 

Boyd says he can make a publication-
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leaf digital image capture by 
Popular front Studio, St. Paul, Mill. 

quality image and import it into his research manuscripts, 
saving "time, effort and money." 

The process is becoming standard operating procedure at 
scientific journals, but the ease with which digital images can 

be manipulated raises issues of data authentication. A recent 
issue of Science reports no known cases of "deceptively doc

cored digital images in the scientific literature," but quotes 

several scientists who advocate establishing safeguards. One 

proposal recommends requiring researchers to provide an elec
tronic "history" of an image when submitting it for review 

and publication. 
Boyd says some journals already require a written history 

describing: "Here is what I did to make my figure. This is 

how I cropped it, and this is how the LUT (Look Up Table) 
map was altered to enhance the image contrast." In this way 
the images are subject to peer evaluation and replication along 

with the rest of the data. 
In Boyd's opinion, the old mechanical process of creating 

images was less subject to tampering only to the extent that it 
required "a smarter, more trained person to do it." He adds, 

"If one is motivated to be dishonest one can do that by method 
A or method B." 

If recording the history of a document can help preserve its 
integrity, preserving history, itself, remains a problem. Linda 

James recalls an off-line incident that showed her how easily 
history can be erased. She says, "Several years ago, somebody 
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had a digital camera at a newspaper celebration I attended. l 

imagined that the photos were something we might want to 

use again, so I asked the photographer for hard copy and/or 
a copy of the disk." A few weeks later she asked him again. 

"He had re-used the disk. The pictures were gone." 
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journaUsm graduate 
student with a minor in 
Biomedical Ethics, she 
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M ~CAREERS DRECTORY: 
htunshlps and Professional Opportunities 

in Technology m Social OW!ge 

Student Pugwash USA's New Careers Direc
tory. a comprehensive guide to thousands of 
jobs and Internships, Is designed to help stu
dents and recent graduates tum their ideals 
for a better world into practicaL responsible 
action. The Directory features opportunities in 
the following areas: 

" Communications 
"Energy 

.. Health & Medicine 
" Peace & Security 
" Population & .. Environment 

" Food & Agriculture 
• General Science 

Development 
" Women & Minorities 

The New Careers Directory is available di
rectly from Student Pugwash USA for only S 18 
($ 10 for students) plus $3 postage. Call or write 
today for more lnforma1ion: 

Student Pugwash USA 
1638 R St., NW. Suite 32 
Washington, DC 20009 

·1-8DO-WOW-A-PUG 

IF YOU'RE TIIINKING 
SCIENCE OR 

ENGINEFRING, lHINK 
AIR FORCE ROTC. 

College is where your edu
cation in science or engineering 

reaches new heights. 
Air force ROTC can take that education 

even higher- into satellite, laser or other 
technologies that become the focus of your 

career upon graduation. You may also qualify lor 
two- through four-year scholarships that help defray your 
college costs and provide you with $100 each academic 
month tax-free. 

II you're thinking technology, think Air force 
ROTC. Call 

Dept. of Aerospace Studies 
(612) 626-2279 

Leadership Excellence Starts Here 

' 'I w nt 
to liveG'' 

Ashley has cancer. It 
sounds like such a grown-up 
disease. But each year, more 
than 6,000 American children 
will be stricken with cancer. 

Ashley, and thousands 
of others like her, will have a 
chance to beat cancer because 
of the life-saving research 
and treatments developed at 
St. Jude Children's Research 
Hospital. 

To find out more, write to: 
St. Jude Hospital 
P.O. Box 3704 
Memphis, TN 38103 
or call 1-800-877-5833. 

c -""' ~ §T.JWE C.HJLDREN'S 
.RESE:ARCH HOSPIDU. 
Danny Thomas, Founder 
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