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CONTRIBUTORS 
a freshman in the 

IT Honors program, is respon

sible for the Technolog's web 

page. He is majoring in com

puter science and hopes to one 

day own his own business. If 

you wish to influence him or 

his opinions, feel free to send 

gifts (a.k.a. bribes) in the form of Coca-Cola, 

cash, and grade manipulation. 

is a graduate 

student in physics. In addition 

to working on the Technolog, 

she volunteers for Smith Col

lege and the Science Muse

um of Minnesota. Melissa is 

also trying to improve her 

Spanish because her fiance is 

from Puerto Rico. She thinks sentences that 

contain both "agua" and "guagua" sound espe

cially nifty! 

is a fourth year 

physics student. Easily dis

tracted, he likes old movies, 

card games, late night break

fasts, and bellybuttons. He 

works in a lab, a fish store, and 

occasionally writes corny word 

games for the Technolog. The 

answer to 71 across is "yensn," defined by 

Webster's as a hastily written crossword. 

is a sophomore 

pre-med student majoring in 

biology. Surviving almost 

solely on sugar and coffee, 

she is slowly becoming schiz

ophrenic and psychopathic. 

She proclaims herself the 

world's number one jug

galette and would like to remind everyone that 

"not all those who wander are lost." 

is in her fourth 

year of the B.S. program in ar

chitecture. She enjoys doing 

crosswords and drinking cof

fee in her breakfast nook and 

spending quality time with the 

world's number one juggalette. 
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is a first

year engineering student hop

ing to become a structural en

gineer. Andrea enjoys sports 

of all kinds, arts and crafts, 

volunteering, traveling, and 

cooking. Her favorite dish is a 

grilled pepper and cheese 

sandwich and she has a terrible weakness for 

chocolate truffles. 

a mechanical 

engineering senior, is interest

ed in energy and is about 

ready to search out a job 

where he can continue to 

learn or graduate school in a 

related field. In the mean time, 

you can bet he's trying to 

make the most of his time here or catching up 

on homework. 

:?'n·::s:;,·Hs::':::nr;:;; is a senior 

in mechanical engineering. 

She is surprised at how her 

moods can swing, depending 

on what words people choose 

when speaking to her. For ex

ample, she walked out on her 

job at the state fair when her 

boss called her mopey. "She should have said, 

'tired; instead," says Mahi. 

a freshman 

who intends to major in bio

medical engineering, has re

turned to her native soil of 

Minnesota after an eight year 

sojourn in Denver. She enjoys 

skiing, lacrosse, Hellgopher 

soccer, almost anything to do 

with music, and the undeniable deliciousness 

that is Waldmeister ice cream. 

is a junior in 

mass communications and 

English. Working for the Tech

nolog has been an informa

tive experience because she 

has learned more about cur

rent technology related is

sues. In her free time, aside 

from stressing about classes, Anna likes to read 

Cosmopolitan, watch Friends, and go out to eat. 

criminology with a background 

in biology and electrical engi

neering. He works for a region

al nonprofit that deals with 

hate crimes and as a liaison to 

law-enforcement on matters of 

violent crime and threat cases. 

Freshman 

hopes to be a chemical engi

neer. She hails from the far off 

land of Manhattan ... Kansas. 

Her interests include music, 

political activism, tennis. 

Bethany thinks travel is ab

solutely scrummy! 

Fifth-year student spends 

her time studying English, 

journalism and psychology. 

Her favorite Muppets are Ker

mit. Ernie and (Super)Grover. 

When she grows up, she 

wants to teach high school in 

New York City. 

a fifth-year 

mechanical engineering and 

journalism major, has spent 

most of his life in Bangladesh, 

where he was born. In addition 

to cooking and eating Bengali 

food, he enjoys woodwork, ca

noeing, hiking and reading 

(about God, history, philosophy, and more). 

is a fresh

man who hopes to earn a de

gree in astrophysics. When not 

doing her ever-present home

work, Michelle can be found 

watching her $10 "free" cable, 

knitting a scarf before winter 

comes, and shopping. 

!)!'!J''''"'/tir::ci)·:; is a mechan

ical engineering freshman. 

His only real interest is pho

tography, most especially of 

nature and architecture. He 

openly admits to not having 

a clue what he wants to do 

with his life. 
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n response to the September 11 attacks, Senator Diane Feinstein (D-CA) has 

proposed a six-month moratorium on student visas. Other people have also 

attacked the loose regulation of the student visa system as an easy entry 

point for potential terrorists. While closer monitoring of international stu

dents may be necessary, especially as the 

expiration of their visas approach, international 

students bring a vibrant and vital contribution to 

the University community. Sen. Feinstein's six

month moratorium makes the United States ap

pear closed-minded and will not solve any of 

the real concerns about the student visa system. 

Most American universities-whether they 

will admit it or not-cannot function without the 

large cadre of international graduate students 

who carry much of the responsibility for teach

ing and research at large universities. Here at 

the University of Minnesota, foreign graduate 

students play a crucial role in IT. According to 

statistics published by the American Associa

tion of Engineering Societies in the fall of 2000, 

307 of the 487 Ph.D. students at the University 

were foreign nationals. That's 63 percent of the 

Ph.D.s, from which one can estimate that prob

ably over half of theTAs and RAs in IT are international students. These educational 

leaders are responsible for the day-to-day running of classrooms and research labs. 

If a moratorium on student visas is implemented until proper student visa tracking 

measures are set-up, IT would likely face a severe labor shortage-not to mention 

a debilitating brain drain. 

Beyond playing an important academic role, international students in all disci

plines bring to campuses across the country diverse perspectives on world affairs. 

By eliminating students from one particular region, like the Middle East, we are ef

fectively shutting out one voice in the increasingly important international discus

sion of foreign policy in that region. At times like this, the exchange of internation

al students is crucial for developing global understanding of the present situation. 

America deprives itself of an important opportunity to learn through personal in

teraction by restricting access to its universities. In addition, foreign students who 

study in the U.S. often return to their home countries better informed about life in 

the U.S. and better able to combat stereotypes of America abroad. 

Looking at the international population residing within the U.S., the student 

population is only 1.8 percent of the 31 million foreign citizens who enter the U.S. 

on visas every year. Although one of the hijackers, Hani Hanjour, had entered the 

United States on a student visa, but never attended school, most of the other hi

jackers did not enter using student visas. Students arriving on student visas areal

ready more carefully monitored than other foreign citizens. A six-month moratori

um as proposed by Feinstein would not allow sufficient time to set up an effective 

tracking system, but it would be long enough to effectively prevent any new inter

national students from arriving for an entire academic year. The intellectual cost of 

such a move would be priceless. 

- The Editors 
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VIEWPOINTS 

ave we reachedmaw 

Some of us are inclined 

to think that we are the 

end product of 

evolution .. How could 

you possibly improve 

upon this? We learned 

to hunt, use toolsu 

make fire, and create 

the computers that 

help produce our dear 

Technolog .. So yes, our 

minds have improved .. 

But what about our 

bodies? 
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~~~• harles Darwin was the 
first to propose the theory 
of evolution. He hypoth
esized that species adapt

~brn~W ed to fit their environ
ments over many generations, and 
that those with advantageous traits 
were more likely to survive to pass 
them on. Humans who walked up
right, were taller, and whose jaw
bones did not protrude ultimately 
conquered those with opposing char
acteristics. Therefore, we are the re
sult of the most useful qualities since 
the beginning of time; we are more 
fitted to our environment than any of 
our ancestors ever were. 

Survival of the fittest has finally 
done us wrong. As a species, we now 
change the environment to fit our 
needs rather than adapting to the en
vironment. We are tearing down the 
rain forests, causing global warming, 
and polluting air and water. Ancient 
man could never have done such 
things. Have we caused the end of 
human evolution by changing our 
environment to suit us? The fit now 
provide for the less fit through hospi
tals and homeless shelters. Survival 
has become a right, not a privilege. 

Traditionally, those better suited to 

their environment survived to repro
duce more of their kind. You had to 
have an able body to provide for 
yourself by working and intelligence 
to supply yourself with food and shel
ter. It's no secret that today there are 
some who do not fit these criteria, but 
now, unlike five thousand years ago, 
they are often given what they need 
to live. That is not to say the strong 
aren't favored over the weak, but the 
distinction is much smaller than it 
was previously. 

The conclusions that one could 
draw from this are numerous. Hu
manity may be close to the end of its 
evolution. There are some instances 
in which the dominant will be weed
ed out. For example, not everyone 
who sees a coverless manhole will 
walk around it, but for the most part, 
common sense would direct you 
around it. A revised statement might 
be that humanity is near the end of 
its physical evolution. If a need for 
webbed toes or opposable toes be
came beneficial, we would find a 
quicker way to deal with the problem 
than waiting several hundred gener
ations to evolve. 

If we are at the end of physical 
evolution, what about mental evolu-



IT'5 A.f'\AZING 
HOW /11\UCH WE'VE 
CHANGED SINCE. 
PREHISTORIC 
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tion? As a species, we are obviously 
becoming more intelligent, being 
that we no longer squat in squalor or 
go through the hideous trouble to 
multiply large numbers by hand. Still 
there are those who sniff markers for 
fun. Natural selection has not suc
ceeded in weeding them out. How can 
this be? Wouldn't those of a higher 
intelligence mate with others of high 
intelligence? 

Has the human race been outdone 
by love? Everyone's heard the phrase, 
"A face that only a mother could 
love." That could just as easily apply 
to one's mind. Everyone also knows 
someone who has either the most 
horrible personality (which we're 
going to directly link to intelligence 
for the sake of argument) or someone 
who is too simple to ever have a 
chance of mating with a smart mem
ber of the opposite sex. This would 
entail a divide between the learned 
and the dense, assuming that the lat
ter survive to pass on their genes. At 
least we're still getting brighter on 
one end; Savants and Einsteins are 
getting together somewhere along the 
line. 

Discounting alcohol and luck, love 
seems to be the all-encompassing, 
all-binding thread of humanity. 
Human beings have the ability to 
love each other for reasons beyond 
their scent or strength. Other than 
mutation, this crazy idea called love 
leaves the only way for a weaker half 
of the species to survive. Why else 
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would a Savant mate with a bruiser? 
In nature, you don't see many ti
gresses leaving the herd to get a piece 
of the tiger that lost the fight for su
premacy. 

Well, perhaps the argument has 
gone too far; there can't really be an 
end to evolution. According to the 
Hardy-Weinberg principle, evolution 
will occur as long as there is 1) selec
tive mating, 2) mutation, 3) gene 
flow, 4) limited population size, or 5) 

natural selection. Small sections of 
humanity are removed from the 
mass, people move across the globe, 
and mutations occur. These sorts of 
things usually only result in a change 
in skin pigment or extra fingers in in
dividuals, the former of which is be
coming more and more common 
every minute. To really change the 
entire human species, an event of 
cataclysmic proportions would be in 
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order. 
In the movie Waterworld, Kevin 

Costner sports some pretty fly gills. 
These, of course, have been devel
oped over countless generations and 
were not the result of a random mu
tation. The icebergs, which currently 
occupy the poles of our misshapen 
planet, had melted, necessitating im
proved body functions to survive in 
the aqueous environment. Likewise, 
if one of the crazies hiding under
ground decided to launch a nuclear 
missile into the heart of a populated 
continent, those who were more re
sistant to the radiation would survive 
to reproduce more with resistance. 
Similar circumstances may have 
been behind what happened to the 
dinosaurs: after the comet hit, those 
who could fly to reach more remote 
areas where food might be available 
survived, and later a need for warmth 
was sufficed with feathers. Specula
tion is a fabulous thing. 

If we have indeed brought about 
the end of our physical evolution, 
let's enjoy it, instead of trying to cre
ate webbed toes for Olympic swim
mers and additional arms for boxers. 
Let's leave well enough alone and 
hope that twitchy fingers are satiated 
with "Duck Hunt." 

FOR MORE INFORMATION see 
www.anu.org/news_theendofevolution.html 
www.madsci.org/posts/archives/aug97/872 
536853.Ev.r.html 
www.dilbert.com 
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With all the attention airport 
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n March 1997, a teenager from 
Massachusetts used his home 
computer to crack into and dis
able a critical component of Bell 
Atlantic's communications grid 

called a loop carrier system. This shut 
down radio control for the Worcester 

So many positions, 
so few people 
All of these agencies and businesses 
face a common dilemma: a lack of 
trained and experienced people to help 
get the job done. Education in techni
cal fields is absolutely essential to safe
guarding power plants, phone and In

financial 

radio nets. 
The problem of finding qualified 

staffers is further compounded by the 
sensitive nature of the work done by 
these agencies. Many positions require 
U.S. citizenship, and some require se
curity clearances that give the: partici
pants access to classified materials. A 
high percentage of students s~udying 
computer science and other technical 
fields are not U.S. citizens. Although 
they may have the skills required for 
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of new hardware being connected to 
the Internet and the ability to correctly 
configure and manage it. 

Money is not the answer 
In the analysis of the Pentagon and 
World Trade Center attacks, several in-

teliig~nc} agencies revegl~.glli:m ~B~t: 
~P··e9t~.~·~~.ssarily nee~····~·~f:.;.:.~~~:~~l:~:: 
~~Y··•?r··~y~ry;:f,~gger buc.iQ1t~JF~ ~~~~T?!~~·.: 
99zr:~?~~~Qtions. Ratlferi t~~r .11e~q · 

·, B}~f:~·.:~~ille~personnel ~ljQ:.ran· spe~l<; 
t~~ J#~guages of intercepte~ com:mu~ 
tl~cq~~p~s. Similarly, an inf~stru~re 
~~ot~ction program provided with l)il ~ 
lions. of dollars will not be effective ·if 
tf1~ p,¢ople who staff the pr§QraUl.,qte 
P?~rl~.trained or lack the bcyc,:~grp111J.<;i 
nece§~?ry to carry out the mi~sion~ •····. , · 

0~~ of the efforts focusing on th.e 
educational aspects of information se~ 
curity is the National Colloquium on 

.I9{eF.mg~?fl ...•. systems . $.eRl:tfit,}f····· Flcl~<:(l
ti?p·•>:~~SI~S£). The ~(ttl, annttal 
N;(:ISSl£ Q.qthering last Mqyfqcused on 
the·lack.of structured information. se;.. 
curity ~ducation at the graduate and 
l1.n~;~fpraduate levels. The NationalSe-: 
curtt:Y Agency (NSA), the u.s~ intelli
gence agency responsible for world
wide electronic signals interception, is 
a major sponsor and supporter ofthe 
NCISS£ effort to increase awareness of 
information security education. 

Another program certifies graduate 
programs that exemplify excellence in 
information assurance, which includes 
a comprehensive information security 
curriculum. The NSA certifies infor
mation assurance programs based on 

national standards. Most of 
the 23 institutions current
ly certified by the NSA re
ceived' certification .for 
their computer science 
department. Others cre
ated collaborations be-

tween computef~ci~gc~ 

······~nd other deg~?tffl~~~~{\· 
i~. order t~.·>:9?f~~~ <.·;~~ : .... 

: 'spurces to mof~ .tf!e pr9( · 
gmm certifmbl.e .• i.t"l~e !)1'~~ 
views the field of informa~ 

tion assuranc~ as:~I~~~~~htl)' 
interdisciplinary (lJlP ~ncpqt~ 

ages universitles·t?.~ey~lop .c~nters 
that foster coope~atiop between de
partments. 

Another progr~~t<lif)ete<:t 4t infor
mation security education is t:fle Na
tional Science Foundation'si S6holar
ships for Service (SFS) program, 

qpnounced. at tl}~ ~?¥ ~~~~:~J;Fonfer
ence. Students who·receive SFS schol-
arships for uBderg~nductte Pl'.~rqduate 
work will haveJnt~rnship qpportuni
ties with federal agencies, ond, upon 
graduation, .workJortl'l.? fedetpl gov
ernment on a basi-s ofone yearof serv
ice for each year o:fschblarship, in a 
manner similar to ROTC programs. At 
its inception, the SFS awarded $8.6 mil
lion in grants oyer four years to 
Carnegie Mellon, Iowa State, Purdue, 
University of Idaho, University of 
Tulsa, and the Naval Postgraduate 
School in Monterey California for SFS 
scholarships and curriculum develop
ment to address information security 
and assurance issues. Two hundred 

tion. sec;urity 
Emerging legal 
erowners liable 
knowir).gly when 
broken ip.to by mcHiciQLLs.'l1.U<::l,<eJrs 
used to lounch attacJks. ioh tomr>arlie.~;~?;: 



against a university or company whose computers are used as 
pawns after a security breach. Today, the FBI can seize an individ
ual's computer with court-ordered warrants if the machine has been 
used to launch Internet attacks. In the future, owners may be sued 
for not implementing minimum security on their computers. 

Critical infrastructure protection is a broad, interdisciplinary 
field, and you don't have to be a computer scientist to participate in 

the effort. Those with different skills may 
work in other aspects of infrastructure 

protection, including planning for re
covery from disasters and terrorist at-

tacks, which are perhaps as critical 
as understanding the intricacies of 
firewall configuration and moni
toring intrusion detection systems. 

Nevertheless, understanding 
basic concepts of security manage

ment and risk management are cru
cial to both technical and non-technical 

people involved in the daunting task of se-
curing the transportation, power and telecom

munications infrastructure. In the U.S., dependence on networked 
computer systems is both our strength and our Achilles' heel. For
tunately information security programs are making great strides 
toward creating a well-trained cadre of people to create a more se
cure and stable infrastructure for the global economy. 

FOR MORE INFORMATION see: 
www.ciao.gov 
www.nipc.gov 
www.sans.org 
www.ncisse.org 
www.nsa.gov/isso/index. htm I 
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he increasing sophistication of tools available to 

malicious hackers is escalating security problems 

on the Internet. These tools automate much of the 

labor required to find and exploit security vulnerabilities 

in a computer system. 

David Rhoades, founder of Virginia-based Maven Se

curity Consulting, gave a presentation at the SANS Net

work Security conference in October called "Hacking for 

the Masses." The presentation, available online at the 

Maven web site, traces the history of hackers from skilled 

and motivated computer programmers to '' click-kiddies." 

Rhoades coined the term click-kiddies to describe the cur

rent bumper crop of malicious hackers that have no real 

skill or experience in computer programming or security. 

Before the advent of free and easy to use hacking 

tools, only a small group of hackers with experience and 

proficiency in programming languages and cumbersome 

tools could launch successful attacks on web sites and 

networked systems. 

The click-kiddies evolved from the script-kiddies, 

which were the first incarnation of malicious hackers that 

relied on somebody else's knowledge and understanding 

pf the innermost workings of operating systems and web 

site vulnerabilities. Expert hackers wrote the scripts to at

tack operating systems, but script-kiddies could down

load the scripts for free-although significant manual 

labor was required to launch an attack. 

Unfortunately, all one needs today to launch a mali

cious attack is time and a computer with an Internet con

nection. Click-kiddies take advantage of the multitude of 

point-and-click hacking tools that are available on web 

sites with user-friendly interfaces. At these web sites, a 

click-kiddie can enter a URl ol" IP address, and the web 

site will automatically tell the user what vulnerabilities 

exist at that address. The user is then given the choice of 

what vulnerabilities he or she wants to attack. With the 

click of a mouse, the attack is launched without any labor 

or knowledge required from the user. 

As Rhoades noted in his sobering presentation, "Auto

mated scripts have lowered the bar to hacking, but online 

tools have removed the bar." 

. . .FOR MORE INFORMATION see: 

www.clickkiddie.net 

www.mavensecurity.com 

(Editor's note: There are severe legal and financial conse

quences for using some of the tools Rhoades describes.) 



t.ull;!punra&~:: sector, no single organization 

aUEn;iate this shortage than the SANS insti-

INSTITUTE 

introduction to network

in!!:! s~~~ulriW·• priociJpf.es to the· more technical issues of in

.• :<trusion detec·tJorl_arn<i firewalls. There is also training that 

:.$J~ecill:llj~~es.;n .l~NIIX~s•pe<~lfiC and Windows-specific issues. 

>The .h:astruot,orsare~ ex1per·ts in their field and communicate 

<i:)i'O~~rallfisals'Q Q·vrer excellent social and professional net

workillJ:f<>DB:»ortllllnB1tles, as the attendees hail from all over 

very diverse backgrounds. If 

>1:h,a1:_atlt;.J)c,ter~• 11!1•EilY ~!!XpDon:. The sheer volume of informa

be frustrating to the people 

in ·their networks. SANS re-

. :c~om'e Ul!) W't.tnsec:un[y S<)IUtiions at a pace that matches at

.: >t8¥kS<i:)~ 'the llnunutn. Please see the in-depth interview 

With JSric Cole i1n ttte cmlntle edition of the Technolog. 

Career 
Opportunities 

Parker Gresen, Parker Hannifin's hydraulics divison 
manufactures a wide range of hydraulic pumps, 
motors, cylinders, control valves, filters and electronic 
controls for on- and off-highway vehicles. Parker 
Gresen employs nearly 1,000 people at facilities in 
Greenville, SC; Minneapolis; Sarasota, FL.; and 
Cachoeirinha, R.S., Brazil. If you are interested in 
joining the Parker Gresen team forward your resume 
to: 

Parker Gresen 
Human Resources 

100 Hoover Street NE 
Minneapolis, MN 55413 

Equal Opportunity Employer 

Rosemount lnc., a world class leader in the design 
and manufacture of precision measurement and 
control instrumentation for the process industry, has 
exciting career opportunities in the Minneapolis, 
Minnesota area for people who are interested in 
being part of a forw·ard thinking team on the cutting 
edge of technology. Opportunities exist for new 
grads with the fo11owingfouryeardegrees: 

~ Electrical Engineering 
~ ComputerScience 
~ Business 

Rosemount Inc. offers a competitive salary and 
benefits package. If you are committed to providing 
superior customer service and producing top quality 
products, send your resume and cover letter to: 
Human Resources, MIS PL 16, Rosemount Inc., 
8200 Market Blvd., Chanhassen, lVlN 5531 7, or visit 
our web page at www.rosemount.com. For 
information on other opportunities at Rosemount, 
caJl our Job Line at( 612) 828-3315. 

An Equal Opportunity Employer 
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University students are 

exploring the physics of the 

comic book universe in the 

freshman seminaru Everything I 

Know of Science I learned 

from Reading Comic Books, 

affectionately called The 

Science of Comic Books by the 

students. 
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,..Excuse me, Mr. Hulk, by my calculations it's physically 

impossible for you to jump as high as the comic books portray ... " 

"HUlK SMASH!!!!" 

110k Mr. Hulk ... never mind." 

I 

nyone listening in 
could easily confuse 
Professor James 
Kakalios' physics semi
nar for a comic book 
convention. Kakalios 

leads the class over hot topics ranging 
from the number of Big Macs the Flash 
must eat to maintain his speed (sever
al thousand) to the death of Spider
Man's Gwen Stacey. (Avid comic book 
readers not wishing to disturb their 
view of the comic universe may want 
to stop reading at this point.) 

Using the laws of physics and a 
truly impressive collection of comic 
books, the class is able to conquer the 
seemingly toughest of problems of the 
comic universe. For example, the early 
Superman comic books said the super
hero was able to leap a half-mile on 
Earth because of the stronger gravita
tional field from his home planet, 
Krypton. Using the laws of motion and 
the law of gravity, the class figured out 
that Krypton would need to have a ra
dius eight times that of Earth to pro
vide Superman with the abilities to 
leap so far on Earth. Unfortunately, an 
astronomy professor noted that a plan
et could not exist with such an im
mense size, which could explain why 

Krypton blew up. 
As one might expect, the homework 

for a class this exciting is extraordi
nary. Students are asked to read X-Men 
comics and investigate the scientific 
possibility or impossibility of their fa
vorite character's mutant abilities. 

Kakalios first got started in the field 
of real-world applications to comic 
books at an early age. He notes, "There 
was one issue of the Flash I read as a 
kid where the Flash lost his ability to 
avoid air resistance and friction. It 

made me aware of the fact that this 
was something aside from the silly no
tion of superpowers. There were all 
sorts of secondary issues associated 
with the ability to run super fast, for 
example, that I hadn't considered." 

Some years later he was asked by 
Wizard Magazine to solve a foible 
caused in an early issue of Spider-Man. 
His mathematical proof showed that, 
"Gwen Stacey died by a broken-neck 
when Spider-Man caught her as she 
fell from the top of the George Wash
ington Bridge." It was printed in Wiz

ard Magazine, and Kakalios became 
the magazine's "unofficial rocket sci
entist." Eventually Kakalios got to 
teach a seminar where he could share 
his fervor with students, encouraging 



them to find their own comic problems 
and solve them using their physics 
skills. 

Though the topics of the class in
clude Newton's laws of motion, conser
vation of energy, biomechanics and 
genetics, and parallel dimensions, the 
underlying topics, such as Iron Man 
and the Fantastic Four, keep the class 
involved and enthused. One problem 
dealt with the Incredible Hulk's ability 
to jump over jets in flight, soaring to 
an altitude of over 32,000 feet. Stu
dents calculated that he'd need anini
tial velocity four times the speed of 
sound. However, the forces associated 
with such an acceleration would tear a 
normal man apart. But don't ask 
Kakalios about this. "I never said the 
Hulk couldn't do anything he wanted 
to!" he says. 

Few corners of the comic universe 
are left untouched by the course. 
They've revealed that the Atom would 
turn completely solid if he used his 
power, and Ant-Man would become 
deaf and have a hypersonic voice 
when he shrunk down because his 
eardrums and vocal cords would 
shrink to microscopic sizes. The stu
dents also uncovered other disadvan
tages of shrinking. Ant-Man would be 

easily blown across the room by typi
cal air currents, and getting wet would 
nearly double his weight, immobiliz
ing him like a real ant. 

Although the only mainstream 
hero unscathed by this class is Bat
man (who has no superpowers), 
not all comic book characters 
would necessarily take offense at 
Kakalios approach. One of his fa
vorite heroes, the leader of the Fantas
tic Four, even enjoys it. 

"Reed Richards [Mr. Fantastic] is 
the smartest man in the Marvel 
Universe, and he frequently uses 
his scientific knowledge to come 
out on top of some situation. He 
was an early role model that 
being intelligent could be cool 
and useful." 

Kakalios says his course-and the 
philosophy behind it-doesn't prevent 
him from enjoying the exploits of his 
favorite super heroes. 

"It's escapist fiction, so I just turn off 
that part of my brain, and enjoy the 
stories on their own terms." Go Hulk, 
gol 

FOR MORE INFORMATION see 
www.it.umn.edu/students/academics/ 
freshsem.html 
www.marvel.com 

Prof. Kakalios is perfectly at home in his 

office, where he works under the close 

scrutiny of the Original X-Men. 
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oday only twenty percent of the 
undergraduates in the Institute 
of Technology are women, and 

the percentage is similar for profes
sionals in technology related careers. 
As the demand for employees with 
high-tech skills continues to rise, the 
failure to attract women to such ca
reers presents considerable obstacles 
for the future of these fields. So what 
accounts for this gender disparity? 

Sex-role stereotypes present signifi
cant barriers. Beginning in grade 
school, boys are encouraged to study 

math and science while girls-though 
not directly discouraged from the study 
of the sciences-are often guided to 
subjects such as English and linguis
tics. 

Computer games-the first comput
er exposure most children have-em
phasize male-oriented themes such 
as combat and war. These games ap
peal to young boys in far greater num
bers than girls. As a result, boys are 
often better acquainted with comput
ers than girls, and thus more likely to 
display interest in careers in a related 
field. 

The dearth of female role models is 
another contributing 

Percentage of Female Enrollment 
(Select Colleges at the University of Minnesota) 

factor: Only ten percent 
of the faculty in the Insti
tute of Technology are fe
male. 

Carlson 
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Victoria Interrante, 
an assistant professor of 
computer science, works 
with IT administrators to 
recruit female faculty 
members. During her 
four years at the Univer
sity, there have simply 
not been any female ap
plicants for many posi
tions 

"We need to place 
an emphasis on getting 

, 

more female role models out there," 
says Interrante. "More female profes
sors will lead to more female students." 
Providing female role models will en
courage young women to seek higher 
education in IT. Subsequently, more 
women will fill instruction and re
search positions at colleges and uni
versities. 

Young women also need female role 
models to communicate the reality of 
technology-related careers. Many, like 
junior Abbey Sullivan, are unsure 
about what high-tech careers actually 
involve. 

"I envisioned myself alone in a cu
bical at a computer-very little human 
contact," she says. She's not alone: 
Most females perceive high-tech ca
reers as akin to solitary confinement. 
Female professionals in technology-re
lated fields suggest that such wide
spread misconceptions are partially re
sponsible for the underrepresentation 
of women in IT. 

The stereotype of those in high-tech 
fields-as "nerds" lacking communica
tion and social skills-is simply "not 
attractive," says IT senior Megan Car
ney. That stereotype, supported by the 
mass media and popular culture, has 
created a perceived negative image of 
technology-related careers. 

But once she entered IT, Sullivan 



discovered that those stereotypes are 
simply untrue. She hopes other 
women will see past them as well. 

Today technology-related careers 
require not only an understanding of 
the field, but also business knowledge 
and the communication skills neces
sary to promote teamwork. 

Teamwork is particularly important 
in high-tech careers, says Interrante. 
"The group is there as a resource. As a 
team, other people can help you with 
your own work. In industry, teamwork 
is invaluable." Young women may be 
surprised to learn that the group inter
action they thought was only avail
able through careers in other fields is 
actually a cornerstone of technology
related professions, she adds. 

Many of the women who enroll in 
IT courses focus their interests in bio
logical fields. One explanation for 
this, says Carney, is that fields like bio
medical engineering are relatively 
new and "the old boy's club is not in 

611 A lot of girls seem to 

think that they couldn't 

succeed in IT based upon 

the fact that you just don't 

see many girls in IT. I think 

girls might feel discour-

aged or intimidated by 

that. tnt 

nc~ upon a time, girls weren't allowed to go to school. Then, after a certain 
amount.of struggle; boys and girls took classes together without any ques
tion. However, someone soon discovered that girls didn't seem to do as well, 

or care as much, about their math and science classes as the boys did. Splitting them 
up and placing girls in special classes, it was decided, would be the best thing we 
could do for those poor girls who seemed incapable of keeping up with the boys. Sex
segregated education.in math and science was thus born. 

Today, ev~n though some have found benefits to single-sex education, not all re
se$arch~rsagreeitisa good thing. According to a 1998 American Association of Uni
versity Womera (AAUW) study, it might help girls to enjoy math and science more. 
Whether single-sex education actually helps them improve their skills isn't so clear. I 
don't Wiil!nt to imply that girls shouldn't receive the chance to have separated math 
and scierace classes, but ifwe want to establish separate classes based on the prem
ise tha.t it is good for the girls, more research needs to show long term benefits. If the 
young women are hesitant to participate in math or science related classes because 
of the presence of the opposite gender, will they really participate later when men are 
re-introduced into the picture during college or in the work place? 

Other research suggests the real problem isn't the presence of boys, but the in
structor's recection to them. Researchers have found that boys are more likely to be 
called upon to answer questions or facilitate class discussions. Many math and sci
ence classes tend to foster a sense of competition rather than discussion of informa
tion, which is generally more beneficial for boys than for girls, according to Gifted 
Child Today. 

One of the main arguments made for separating the girls from the boys in middle 
schootand high school math and science classes is based on the fact that only 30 per
cent ofmcethand science university degrees go to females. This statistic appalls offi
cials atAAUW; Never mind that larger percentages of females not only go to college 
but succ:eed in graduating. Also, forget that on average women get higher overall 
gradep0int averages than men. No, what is of real importance, it would seem, is that 
these women are not focusing on so-called "real". (read: masculine) degrees. Instead, 
they are gravitating towards relatively trivial (read: feminine) fields of study: English, 
child psychology, or even. women's studies. 

I fihd it disturbing that after decades of women's liberation the definition of equali
ty stillseems to revolve around terms of "maleness." Why don't many people worry 
why more male students aren't entering traditionally "female" degree areas? The Ed
ucationa' Testing Service reports gender gap scores in math and science have nar
rowed to the point of barely being significant. However, the verbal score discrepancy 
l'emajns gaping with women receiving the higher scores. If we were to take the gen
der s~gregation to the extreme,. do we give boys gender separated English classes? 
Educators generally don't propose such a solution because boys can take care of 
themselves, right? It's girls who need protection and help. 

Separation by gender will only treat the symptom of what is wrong, not the dis
eas~s of sexism and inequality themselves. We need to recognize and accept the 
equality of the genders. let boys and girls know that different fields of study don't 
haveto be dominated by one gender or the other. Educate teachers how not to show 
bias in the classroom. Check up on teachers to make sure they're treating all students 
fairly. Once we start these processes, if young women still aren't achieving, then a 
discourse would become more appropriate regarding the necessity of girls splitting 
off and having them take classes by themselves. 
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uring Fall 2000, 3385 men and 813 women enrolled as undergraduates at the lnsti~ 

tute of Technology. According to the American Association of University Women, a 

mere 30 percent of technology related degrees in the U.S. go to women. Studies 

seem to show that the gender division starts far earlier, as a result of the public co-ed 

school system. According to research, separating girls and boys· in technology oriented 

classes may increase girls' interest level in technology fields without detrimentally affecting 

boys' experiences. Despite this, schools continue to drag their feet in establishing, or even 

considering, gender-separate classrooms. 

One example of the strength of gender-separate classes can be found in a 2001 Educa. 

tion Digest study focusing on computer programming classes at a Canadian high school. 

Initially, when the classes were mixed-gender, 15 percent of the enrollment was female. 

When an all female class was added alongside the mixed"gender classes, the total enroll

ment of women jumped to 40 percent. The girls in the separated class reported an ini;:rE'Iase 

in confidence levels, higher teacher satisfaction, and morE! desire to pursue further studies 

in computer science as compared to females in the mixed-gender classes; Presque Isle High 

School in Maine attempted a similar scenario providing a girls-onlyAigebra I classwhen 

the girls repeatedly stated they did not want to ask questions the i:)oys would lal:>el as 

"dumb". Before the peerpressure element was reduced by the gender•separate classes, 

girls scored 12 points lower on state standardized math tests than the boys. Once the gen

ders were divided, that difference decreased to only 16 points~ This was not the resu1fof 
pure chance. 

When the girls were allowed to more freely be themselves, they excelled. These young 

women were allowed to explore and excel in areas they weren't "supposed" to be good at; 

or even interested in. Once they learned how to handle themselves ina classroom andwere 

re-introduced to the mixed-gender format, they performed better than their female peei"s 

who had not experienced the split-gender classroom. 

Gender separation opponents might scoff and say gii'lsneedto learn to deal withpres

sure and not worry about appearing dumb. Maybe these opponents think that i:)y creating a 

more enriching environmentfor girls, we're only enabling and rewarding dependent l:)ehav::. 

ior. Such arguments overlook the big picture. Gendei"-sepai"ate classes open up young 

women's minds to the acceptance· and possibility that technology~related ·opportunities call 

be options for them. For too long girls have i"eceived the message that they do notbe~orig 

in the technological fields. As a result, we cannot expect them to $uddenly seize the oppor

tunity to learn math and science. Balancing the gender distribitionwm take time, and ge111• 

der-split classes can help speed up the progress. 

In 1972, Title IX allowed female student athletes to compete on separate but equal 

grounds as male student athletes. Today, the numbers of female professiom.d athlete$ con,. 

tinues to grow. Gender split classrooms can do the same for budding female scientists~ 

With these opportunities come power and·improved self-confidence: Opponents ofge111der.: 

split classrooms cry sexism, even elitism, without looking at the whole pictui"e. 

Richard Hawley, headmaster of University School of Cleveland, is right when he says the 

question is not why single-gender education, but instead why coed education. He says~ 

"There's absolutely no. research to support academic or social i"easons for coedu~atioll,'~ he 

says in an Education World article. Hawley might be a little extreme; but he makes a good 

point. Why are schools so wedded to traditional ways of educating? 

Not every young women in a gender-separate classroom wm e~nerge as .a rocket .scien~ 
tist. However, if you educate a girl in a gender~separate classro()m, she win come away with 

greater interest and greater knowledge· of her capabilities of becoming ·i;! rocket scientist 

than she would in a co-educational classroom. !••·· 

14 FAll Z001 MINNESOTA lECHIIOLOG 

place." Some female IT students sug
gest that there is an emotional con
nection or human aspect involved 
with biological fields that is not pres
ent in other areas, which could ex
plain why more women seem attract
ed to careers in these fields. 

According to Interrante, biological 
fields offer students the opportunity to 
impose an "immediate influence upon 
society," which holds particular ap
peals for women. A biomedical engi
neer can have a direct influence on 
human life through advances in med
ical technology, whereas a computer 

I think that there are 

stereotypes surrounding 

IT that could discourage 

women from joining, but 

every college has some 

discouraging stereotype. 

Once you enter IT though, 

you find that there are 

special programs like SWE 

(Society of Women Engi-

neers) that encourage 

women to find their place 

in IT. !Ill 



scientist, "creates technology that will 
benefit society indirectly." That may 
make fields like computer science less 
appealing to women, she says. 

"I wanted to do something with my 
career to help people," says Interrante. 
"I thought, 'What am I doing with 
computer science that's helping peo
ple?' My research is helping society, 
but it is an indirect influence." 

Interrante is currently developing 
new techniques for making three-di
mensional transparent surfaces and 
shapes appear accurately defined in 
computer programs. Her efforts will 
eventually be applied to computer dia
grams that provide images of human 
body organs. By examining the dia
grams, medical specialists will be able 
to determine the specific areas of the 
body in which radiation needs to be ei
ther maximized or minimized, and 
will thus be able to offer better treat
ment to cancer patients. 

The future job market is rich with 
employment in technological fields, 
and the presence of women in these 
fields is critical, says Interrante. 

"Women can add a different per
spective [to IT fields]; they pay atten
tion to different sorts of things." 

Since technology affects both gen
ders, women must participate in the 
creation of this technology to ensure 
that it meets the needs and expecta
tions of women as well as men. 

According to Rhonda Franklin 
Drayton, an assistant professor of elec
trical and computer engineering, sev
eral factors hinder female participa
tion in technology-related fields. 
Specifically, Drayton explains women 
are not receiving the support necessary 
to generate long-term interests in high
tech careers. 

In a male dominated field, women 
are challenged to prove their capabili
ties. "Because you're different, people 
are not sure of the level of commit
ment they want to make to ensure 
your success," says Drayton. Female 
students may have both interest and 
talent in an IT field, but do not receive 
the encouragement that is so crucial to 
retaining that interest. 

Recent publicity generated a storm 
of interest in IT careers, but that inter
est has not translated into a huge 

boost in participa
tion. 

"Women were 
excited to get in
volved [in IT 
fields], but now 
we need to listen 
to their concerns 
because they are 
pulling out after 
rushing in. We 
need to develop 
solutions that ac
commodate their 
concerns" about 
balancing work 
and family, says 
Drayton. 

Victoria Interrante (right), an 

assistant professor of computer science 

and engineering, works with digital rep

resentation of transparent 3-D objects, 

like body organs (above). Interrante be

lieves that more female professors in IT 

would provide necessary role models for 
"Women 

think, 'How can I 
do this and still 

young women in the sciences. 

have time for 
family?"' she adds. Many women edu
cated in technology-related fields 
never utilize their skills in a career set
ting because there does not yet seem to 
be a satisfactory answer to this ques
tion. 

Outreach programs that target 
young women and girls can help iden
tify and address such concerns and 
generate sustained interest in technol-

111 feel like I have to do a 

step above what is ex~ 

pected of me just to prove 

that women can be sue~ 

cessfu I in IT. ll.tl 

ogy-related fields. National studies rec
ommend implementing targeted pro
grams in elementary schools across the 
nation in an effort to increase female 
participation in technology-related 
fields. The programs would expose 
women to technology-related fields 
and the opportunities that a high-tech 
career can offer. Professionals suggest 
that instructors at all levels question 
their teaching methods to determine 
whether or not they are catering to the 
interests and concerns of female stu
dents. Communicating the reality of 
high-tech careers and incorporating 
teamwork into curricula at every level 
of education will also convince more 
women to pursue technology-related 
careers. 

Drayton and Interrante reiterate 
these views. Young women must be en
couraged to look beyond stereotypes to 
discover the realities of careers in engi
neering and other technology-related 
fields-careers that will provide 
women the opportunity to engineer 
the 21st century and a new paradigm 
for a job market historically dominat
ed by men. 

FOR MORE INFORMATION see 
www.it.umn.edu/women 
www-users.cs.umn.edu/-interran/ 
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ith a 1.7-mile tunnel, main
tenance yard, and stations 
under construction, the Twin 

Cities' Light Rail Transit (LRn system is 
progressing full steam ahead. The 
$6 7 5 million project overcame a 
mountain of controversy, much of it 
from public transit experts them
selves. Though many other systems 
were proposed, they were given little 
chance. 

One of the main alternatives pro
posed was Taxi 2000, a leading Per
sonal Rapid Transit (PRT) design for 
small, automated, electric cars on a el
evated guideway. PRT is an attempt to 
improve transit speed, efficiency and 
comfort while allowing the personal 
freedom that binds commuters to their 
cars. 

Entering an enclosed off-line PRT 
station, a passenger purchases a mag
netically coded ticket. This ticket opens 
the door of the first waiting PRT car 
and allows a computer to plan the trip 
along the guideway network. The car 
proceeds without stops to the destina
tion at a speed of up to 50 mph, fol
lowing the shortest possible route. 
Sharing the three-person car allows a 
lower fare, and the wait for a car never 
exceeds three minutes. 

The Taxi 2000 PRT system has its 
roots at the University of Minnesota, 
where a multi-disciplinary team of re
searchers started developing it in 1982. 
Since then, mechanical engineering 
professor emeritus Edward Anderson 
has continued development with the 
Taxi 2000 Corporation. 

Defense contractor Raytheon Cor
poration bought the Taxi 2000 rights 
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An artist's conception of what a Taxi 2000 hub might look like outside the RiverCentre in St. 

Paul. 

in 1993. They spent over $40 million 
developing it, modifying the design, 
and winning a transit project contract 
for northern Illinois. When the Chica
go Regional Transportation Authority 
delayed their order, Raytheon discon
tinued development and rights were 
returned to Taxi 2000. 

There are many other PRT designs 
being developed-some very similar to 
Taxi 2000 and some, such as the Dan
ish Rapid Urban Flexible (RUF) PRT, 
quite different. RUF uses modified elec
tric cars that run on roads or in driver
less platoons on a monorail. Areas cur
rently considering PRT include the 
Seattle-Tacoma International Airport 
region, Cincinnati, and Northern Ken
tucky. The West Virginia University in 
Morgantown has been using a system 
similar to PRT since 1975. 

Recognizing the failure of convention
al mass transit systems to lure com
muters from their cars, PRT attempts to 
combine the privacy, comfort, and 
freedom of cars with the safety, pre
dictable travel times, and low pollu-

tion of public transit. 
PRT vehicles are designed to be rel

atively small, as Anderson found the 
vehicle cost per seat did not decrease as 
car size increased. Smaller vehicles 
allow not only for selection of traveling 
companions and the option of individ
ual travel, but also for the vehicle to 
wait for the rider, not vice versa. In ad
dition, smaller vehicles put less force 
on the guideway, allowing the track to 
be lighter and cheaper. 

Stations can also be smaller, cheap
er and more frequent. More frequent 
stations do not slow PRT traffic, be
cause all deceleration and acceleration 
is done on a parallel station track. 
There is no need to transfer between 
vehicles, and the system chooses the 
shortest route to the destination. 

Automated control of vehicles al
lows them to travel safely with small 
headway, and thus allows a single PRT 
line to move as many people as three 
lanes of freeway. The uninterrupted 
trip not only increases trip speed, PRT 
vehicles also increase transit system ef
ficiency. PRT avoids the loss of kinetic 
energy involved in the frequent stops 



of road traffic and trains. As a result, 
experts estimate PRT to be about six 
times as efficient as LRT. PRT cars re
quire about 145 watt-hours of electric 
energy per vehicle-mile at 25 mph. 
This is roughly equivalent to a gaso
line-powered car getting 70 to 90 miles 
per gallon. The efficiency of PRT cars is 
aided by light, streamlined vehicles 
and electric linear induction motor, 
which eliminates idling at stations. 

In Minneapolis, where most of the Taxi 
2000 development has occurred, PRT 
has received little attention, losing out 
to the conventional technologies of 
bus and LRT. 

When an initial plan for a six-lane 
freeway connecting the airport to 
downtown Minneapolis along the con
gested Hiawatha corridor was rejected, 
largely due to opposition from com
munities along the route, a door was 
opened for alternative transit solu
tions. 

Many suggestions, including PRT, 
were put forward. However, according 
to Nacho Diaz, director of transporta
tion for the Metropolitan Council, the 
governing body that operates and 
plans Twin Cities transportation sys
tems, light-rail was considered the only 
serious alternative from early in the 

process. With a strong LRT lobbying 
force effectively blocking consideration 
of other options, the city of Minneapo
lis went ahead with LRT plans and the 

groundbreaking cere-
monies were held in Janu
ary. 

According to Ander
son, the decision makers 
see PRT only as a "spoil
er for getting light-rail." 
Anderson also blames 
over 30 years of strong 
lobbying and support 
for bringing back 
streetcars and poten
tial LRT construction 
contracts for lack of 
interest in PRT. De
spite the facts sup
porting PRT, he 
says many also 
have the idea 
that "bringing 
back light-rail has 
got something to do 
with improving the 
environment." 

"The fact is there are 
a lot of people who don't 
look at the facts," Anderson says, 
suggesting that many favor light-rail 
based on intuition. "Our governor is 
one of those, and he is all behind 
building more rail lines around the 
Twin Cities." 

While he still sees a future for a PRT 
system that would connect downtown 
Minneapolis and feed the LRT line, An
derson says Taxi 2000 has the interna
tional market in mind. 

The current focus of Taxi 2000 is rais
ing money for a 2200-foot test track 
with three vehicles and one station, for 
which detailed plans have been made. 
This is an attempt to overcome the 
major obstacle to PRT acceptance: the 
lack of existing models. 

The first phase of this test track 
would be a single prototype vehicle 
and 60-foot track, which together 
would cost less than $1 million. This is 
the length of prefabricated track mod
ules that would allow quick installa
tion at an estimated cost of about $7 
million per mile. 

Citizens for Personal Rapid Transit, 
a grassroots volunteer organization 
promoting PRT in Minneapolis, carries 

out its mission to educate politicians 
and the public about PRT. According to 
Anderson, there are now several state 
legislators who support PRT. 

While disappointed that PRT has 
yet to be seriously considered by plan
ners, supporters say it can become in
tegrated with the current LRT develop
ment. Brian Finley, chairman of 
Citizens for Personal Rapid Transit, 
says PRT would now be most effective 
as an LRT feeder in Bloomington, with 
a line from the Mall of America along 
I-494 to Highway 100 and a link run
ning up France Avenue to Southdale. If 
practically accepted, with a line up 
and running, PRT may yet find its 
golden days. 

FOR MORE INFORMATION see 
www.taxi2000.com 
www.cprt.org 
www.vinnova.se/publ/pdf/vr-01-03.pdf 
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magine a world where one can 
simply stop by the cell bank, 
order a new liver, and drop in to 
pick it up a few days later. 
While it may never be quite as 

simple as this, the new and controver
sial field of stem cell research has been 
taking giant steps toward making this 
approach to medicine a reality. 

Human stem cell research began 
making its way into mainstream med
ical research only in the past few years. 
In 1998, a pluripotent human stem 
cell, one that is able to differentiate 
into any type of cell in the body, was 
first isolated from human embryos do
nated by couples undergoing infertility 
treatment. Since then, scientists have 
made steady progress toward discover
ing countless potential applications of 

Dr. Catherine Verfaille coordinates re

search projects for the Stem Cell Institute. 
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stem cells in the 
treatment of com
mon, and to date in
curable, diseases 
like Alzheimer's, 
Parkinson's, and di
abetes. 

The world of stem cell 
research is no further away than the 
14th floor of Moos Tower, where the 
University of Minnesota's Stem Cell In
stitute resides. The institute has been 
working to unlock the secrets of 
human stem cells, with the goal of ap
plying this knowledge towards creat
ing therapies to treat many debilitat-
ing diseases. 

There are two types of stem cells: em
bryonic and adult. An embryonic stem 
cell has the ability to self-replicate in
definitely as well as to differentiate 
into cells of any tissue in the body. Em
bryonic stem cells are taken from the 
inner mass (30-34 cells of the 200-250 
cells making up the embryo) of the 
blastocyst stage five days after fertiliza
tion. The embryonic stem cells are 
known to be pluripotent. 

While adult stem cells possess the 
ability to replicate in large quantities, 
they do not replicate indefinitely and 
exponentially like embryonic stem 
cells do. As for function, embryonic 
stem cells give rise to the rest of the 
body whereas adult stem cells general
ly maintain homeostasis and replace 
cells that die. 

Adult stem cells are taken from tis-

In..;uo, 
€1>">>-..t.d 
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sues such as bone 
marrow, the retina, the 

cornea, dental pulp, the brain, the 
liver, and skin. These cells, found in 
specialized tissue, are still undifferenti
ated, though for the most part they are 
already "programmed" to differentiate 
into a certain line of cells. Those cells 
found in the bone marrow tend to de
velop into new blood cells among 
other cells, while those found in the 
liver tend to differentiate into liver 
cells. At least this had been the hy
pothesis in the past. The ability of 
adult stem cells to differentiate into 
cells not typical for the tissue in which 
they are found, known as plasticity, is 
a hot topic in today's research and one 
being tackled by the Stem Cell Insti
tute. 

The main focus of the Stem Cell Insti
tute is to study the biology of human 
stem cells, how they grow, and how 
they differentiate. The institute has 
grown more than 1050 cells from single 
mouse and rat stem cells over the 
course of the past two years. For 
human cells, the number is about 1035 . 

One of the major breakthroughs that 
the Stem Cell Institute has made is the 
discovery that a single human stem 
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Cll'u'il'ilrli'novil'l!ll'<lil!v O\ff.U' federal 
fturu:lling for stem ceU research 

ederal policies stipulate that fed
eral funding for stem cell re
search be given only under cer

tain conditions. Under Bush's plan, 
federal funding is provided for work 
done with fundamental research; 
none is given for studies done involv
ing applied therapies. Bush's policy 
also states that research may be done 
on the roughly 60 existing embryonic 
stem cell lines for which "the life and 
death decision has already been 
made," as well as human adult stem 
cells and any animal stem cells, but 
that no new human embryos may be 
used. Many scientists feel that this ex
tremely limited policy will retard the 
research process and put the United 
States behind many European nations 
on the road towards scientific discov
ery in this field. 

FOR MORE INFORMATION see 
www.whitehouse.gov/new/releas
es/2001/08/20010809-1.html 

cell from bone marrow can be intro
duced into foreign soft tissue, where it 
will survive and replicate. 

Currently, the institute is anxiously 
awaiting the approval of a recently 
submitted paper by the institute's di
rector, Dr. Catherine Verfaillie. This 
paper outlines recent experiments that 
have shown an adult stem cell placed 
into a mouse blastocyst will differenti
ate into cells types that make up all 
body tissues. This exciting result shows 
the possible pluripotency of adult stem 
cells, which have conventionally been 
thought as already set to differentiate 
in a specific direction. 

STEM CELLS continues on page 21 

1 ' 
SA Security, a security consulting firm, is offering $10,000 to whoever can 

find two factors of a 114-digit number, and if you're feeling exceedingly ad

venturous (not to mention like a super-genius), they will give $200,000 for 

factoring a 617-digit number. Unfortunately, this is by no means a get-rich-quick 

scheme. 

One contender in the contest, distributed.net (both the organization's name and 

its web address) is combining the donated computing power of over 307,744 com

puters to try and solve the problem. Testing 18,446,744,073,709,551,616 possible 

factors takes a long time, and distributed.net anticipates breaking the code in 504 

days at their computing rate as of October 9, 2001. 

RSA defines security standards of data encryption used everywhere from the 

encoding of government messages to the security used for online personal shop

ping. RSA hosts these contests because they give RSA and the government an idea 

about how much it would cost to buy the computing power needed to decrypt a 

single message. Finding the factors for the contest does not breal< any real en

cryption scheme, but the speed with which the factors are found provides an esti

mate of what level of security various encryption schemes provide. By current es

timates, factoring the 174-digit number would take 95,000 500 MHz Pentiums, each 

with 4 gigabytes of RAM, a year to compute. Therefore, encoded messages that are 

worth more than the set-up of 95,000 computers would need a higher level en

cryption scheme, and messages worth less than that can use shorter numbers for 

encryption. 

While RSA expects the 174-digit problem to be solved in a year, they expect the 

617-digit problem to stand for at least a decade. If you're bored, with time to kill, 

the 174-digit number is on this page, and links to helpful web sites to get you start

ed are on the online edition of the technolog. If you do manage to discover the fac

tors and win the prize, don't forget what magazine told you about the contest and 

gave you that helping hand .. ."'''~' 

1. First, 30,000 random bytes were generated using a ComScire QNG hardware random number 

generator, attached to the laptop's parallel port. 

2. The random bytes were used as the seed values for the B_GenerateKeyPair function, in version 

4.0 of the RSA BSAFE library. The private portion of the generated keypair was discarded. The 

public portion was exported, in DER format to a disk file. 

3. The moduli were extracted from the DER files and converted to decimal for posting on the Web 

page. 

4. The laptop's hard drive was destroyed. 

18819881292060796383869723946165043980716356337941738270076 
33564229888597152366548531906060650474304531738801130339671 
6199692321205734031879550656996221305168759307650257059 

FOR MORE H\IFORMATION see 

stats. distributed. net/rc5-64/ 

www.rsasecurity.com/rsalabs/challenges/factoring/numbers.html 

nOcgi.distributed.net/faq/index.cgi?file:::28 
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oday, over 140 million people 
worldwide use magnet thera
py. Magnets are placed in 
bracelets, mattresses, back 
supports, knee braces, neck-

laces, and other devices to help heal 
everyday aches and pains. Profession
al athletes such as tennis player Lind
say Davenport, quarterback Dan Mari
no, baseball player Hideki Irabu, and 
golfer Jim Colbert, along with others, 
have used magnet therapy and in
creased popularity of the products con
siderably. 

Magnet therapy has today become 
a multi-billion dollar business, but its 
origins go back to pre-Revolutionary 
France. In that era, women frazzled by 
problems with the estates, the servants, 
politics, and goodness knows what else 
turned to Dr. Franz Mesmer, father of 
magnetic therapy, for relief. Anyone 
who was anyone paid Mesmer a visit, 
even Marie Antoinette. 

Upon arrival at Mesmer's, a visitor 
was taken to a room with plush fur
nishings embroidered with astrological 
symbols and a magnetic bathtub. Iron 
filings and glass powder lined the in
side of the tub. After soaking for a few 
minutes, Mesmer himself came in, 
clad in purple velvet robes and bran
dishing a white wand. He touched the 
patient's temples and a few pressure 
points with the wand. Patients raved 
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about finding themselves cured of all 
their woes thanks to this fantastic 
treatment. 

In 1784, however, a committee of 
distinguished doctors was appointed 
by King Louis XVI of France to investi
gate the validity of Mesmer's magnet 
treatments. They concluded that Mes
mer's success was due to his convinc
ing salesmanship and the placebo ef
fect. In spite of this inauspicious 
beginning, the field of magnet therapy 
has grown, experiencing a resurgence 
of believers lately. 

Despite the increasing popularity of 
magnetic therapies today, few studies 
validate the use of magnetic therapy. 
This leads to confusion in both the 
marketing and use of magnetic thera
pies. In fact, several manufacturers 
have been sued and forced to remove 
"false and fraudulent claims." Addi
tionally, people have neglected a 
physician's care for broken bones, dia
betes, cancer, HIV I AIDS, and other se
rious diseases believing that magnets 
will cure them. 

Magnetic therapy is intended to 
heal small wounds and relieve pain by 
increasing the flow of blood to the in
jured area. An increase in blood flow 
to a region is thought to increase the 
local oxygen supply and also to help 
in tissue repair by delivering more pro
teins and leukocytes (white blood cells) 
to the wounded area. 

Magnet therapy companies make 

r1 I 

two claims for a static magnet's ability 
to influence blood flow. First they pur
port that iron contained in hemoglo
bin is attracted to the magnetic field. 
However, the magnetism of blood de
pends not on iron, but on the presence 
of oxygen carried by the hemoglobin. 
Oxygenated blood is diamagnetic, 
meaning that it is slightly repelled by 
nonuniform magnetic fields, not at
tracted as the companies would claim. 
Only a small proportion of blood is 
paramagnetic, and therefore attracted 
to nonuniform magnetic fields, and 
even that responds only to magnetic 
fields above 3,500 gauss. For compari
son, the magnetic field of the earth is 
less than 1 gauss and a typical refrig
erator magnetic is about 100 gauss. 

The second claim made by magnet 
companies is that negative and posi
tive ions in the blood plasma and 
polar molecules on the red blood cells 
themselves are attracted to the mag
net. Studies of these ions predict that a 
magnetic field of 140,000 gauss would 
be required to have an impact on 
blood flow. In contrast, the magnets in 
magnet therapy products often hold 
only ten sheets of paper to a refrigera-



tor. 
This suggests that any benefits of 

magnet therapy are not due to the 
magnets themselves. This does not 
necessarily mean that relief felt by 
users is entirely imagined. Magnetic 
wraps provide physical support and in-

sulation, both of which can help heal 
aches and pulled muscles. 

ment. The same is true for magnetic 
therapy today. 

Nevertheless, the committee ap
pointed by King Louis XVI was correct 
in asserting that good salesmanship 
over good medicine was the reason be
hind the popularity of Mesmer's treat-

FOR MORE INFORMATION see 
www.magnapak.com/magnetic-therapy 
www.magnetictherapy.eo.uk/system/index. 
html 
www.buyamag.com 

continued from page 19 

Another goal of the Stem Cell Institute is to apply the in
formation gained from its research to fashion therapies using 
these adult stem cells. At the moment, the institute is at
tempting to differentiate adult stem cells into mature liver 
cells. Presently only the differentiation to early stage liver 
cells has been achieved. The institute, however, has grown 
fully mature cells of all three types of tissues that comprise an 
artery. The remaining question is how to assemble these 
grown tissues so they form an actual artery. 

While it was once thought impossible to repair damage to the 
nervous system, an experiment carried out by researchers at 
Johns Hopkins University has proven that new neurons can 
be grown out of adult stem cells and will function when in
serted into an organism. A mouse was subjected to a virus 
that destroys the motor neurons and thus became paralyzed. 
After receiving stem call therapy, the mouse showed move
ment, while those that did not receive treatment remained 
paralyzed. Currently incurable problems such as neural dis-

eases (including Alzheimer's) . and paralysis may become a 
thing of the past. 

Looking towards the future, Verfaillie paints a picture of 
what would seem to be science fiction. A person would have 
a culture of their own stem cells, retrieved earlier either from 
a sample of bone marrow or from their own embryonic stage, 
stored in a cell bank. These cells could later be used to grow 
entire new organs such as a bioartificial liver or create a 
"heart patch" to replace scar tissue that forms on the heart if 
the blood supply to the heart is cut off. 

These examples are just a taste of what may be possible in 
the future thanks to stem cell research. Verfaille speculates, 
"Ten or twenty years from now, medical science is going to be 
a completely different ball game." 

FOR MORE INFORMATION see 

www.umn.edu/stemce!l 

www.news. wisc.edu/packages/ stem cells 

www.nlh.gov /news/stemcell/ 
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Tall bil<es take 

transportation 

to an extreme 

n a small cafe on 50th Street, I 
sat and enjoyed my lunch. Undis
turbed, I gazed outside at the af
ternoon traffic, daydreaming be
tween bites of salad. The cars 
passed in a hypnotic pattern and 

my mind blurred into a semi-trance. 
Whoosh. The soothing pattern was 
suddenly broken. Cruising down the 
sidewalk went a tower-like structure 
on a set of wheels and, from what I 
could see, the bottom half of a person 
pedaling the thing. Was I still dream
ing? No, but what was that thing? The 
mechanism and its rider immediately 
intrigued me,and I realized that other 
restaurant patrons were also aston
ished by what had just passed. 

Tall bike riders enjoy the attention 
generated by their unusual mode of 
transportation. But attention is not 
the only appeal-there's also fun and 
thrill in this unusual hobby. 

"Imagine cruising through town 
10 feet from the ground with nothing 
but a few pipes and two wheels be
neath you," says Brad Graham, a tall 
bike enthusiast. "In fact, you can 
barely see the bike, only the road 
ahead of you for miles." And for those 
that think 10 feet off the pavement is 
high enough, some of these bicycles 
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tower more than 13 feet from the 
ground. 

Tall bikers could be compared to 
sky-divers and bungee-jumpers, says 
Graham. "We are the extreme, and 
everything must be taken to the very 
limits." 

The cycles themselves are danger
ous. Not only are they tall, most are 
not professionally engineered. 

According to Graham, the recipe 
for making one includes "a welder, a 

few scrap bikes and a warped imagi
nation." Basically, a tall bike is made 
of whatever will hold a person up and 
allows him or her to pedal down the 
road. Parts are found just about any
where, from the side of the road to an 
auto parts store. 

And how does a builder know what 
works? Well, that is where much of 
the danger comes in. These bikes are 
made by trial and error. Weld some 
scrap metal onto an existing bike 
frame, get an old garage door chain, 
as found on one bike, make a few al
terations, and try it out. Climb up 
onto the seat and try pedaling to de
termine if the creation is a successful 
tall bike. 

Once these mechanical Franken
steins have been assembled, one's life 
is again in jeopardy. The rider must 
push off to get the bike moving, climb 
up and mount the seat, and finally 
pedal-all while keeping good bal
ance. For the novice, mounting the 
bike from a high fixed position, such 
as a ladder or even a roof is more effi
cient. 

And what about stopping? There 
are a few common methods. One has 
three options: climbing down, in the 
same way one climbed up, pulling up 
to a tall stationary object and dis
mounting, or using the classic jump 



and crash method. 
Building tall bikes is about the 

challenge of building something spec
tacular. To some degree, these cre
ations are engineering feats. However, 
they can also be considered an art 
form. Either way, they undoubtedly 
express a sense of individuality 

These bikes are not new creations. 
The modern styles and forms were 
modeled after crazy bikes created as 
early as the 1890s. Today, tall bikes 
are remarkably popular. Across 
America, clubs and organizations 
dedicated to weird bikes hold races, 
rodeos, parades, and various outings. 
One group in Massachusetts takes 
day trips with their mangled-metal 
friends. Their adventures are not only 
dangerous, but they are illegal. The 
Massachusetts law states, "No bike 

shall be operated upon a way with 
handlebars so raised that the opera
tor's hands are above his shoulders 
while gripping them. Any alteration 

to extend the fork of the bike is pro
hibited, and the operator can be fined 
up to 20 dollars." Breaking the law 
must be an additional thrill. Com
mon to most of these organizations is 
an enthusiasm for defiance. It is one 
more challenge to overcome. 

You'll probably see some of these 
bikes tooling around campus when 
biking season rolls around in 2002. 
Some tall bike gurus name Min
neapolis among the capitals of tall 
biking. In fact, there is a club right in 
our neighborhood-The Hard Times 
Bike Club, formed at the colorful Hard 
Times Cafe on the west bank. 

FOR MORE INFORMATION see: 
www.rebcorp.com/guslucky.htm 
www.dclxvi.org/chunk/meet/tall/index.ht 
ml 
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1. Swedish cars 
6. Saccharine 
11. Microelectronic tech. 
14. Trip a crosswire: "It's _l" 

s 

15. Exclamation following headcount 
16. Heston's grp. 
17. Test necessity #1 
20. UK analog of DOC 
21. Help 
22. Forgotten bread does this 
23. Scenic way? 
27. Tints 
28. Consequently 
29. Revel 
31. Word of comparison 
33. Unrefined 
36. " an ideal" 
38. Back then 
39. Test necessity #2 
44. Spanish article 
45. Student grant 
46. French refusal 
47. Athletic org. 
49. Appear 
51. 552 to a namor? 
55. Sheriff Wyatt 
57." offact" 
60. Comforts 
62. Type of logic gate 
63. League preceder 
64. Test necessity #3 
66. Exaggeration ending 
6 7. European lake 
68. Shakespearean sendoff 
69. Enzyme suffix 
70. Season ending tournament for a 
Gopher? 
71. See Technolog bios ... 
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1. Summer footwear 
2. One helper in math or chemistry 
3. Readying for battle 
4. One ancient civ. 
5. Unit of asparagus 
6. Analogies to a high schooler 
7. W - n/8 on a compass? 
8. Istanbul : Constantinople :: Tokyo : 
9. Comp. workers 
10. Gear cogs 
11. Actor Holbrook, to his niece 
12. Epic tale of canal construction? 
13. Musicians Bachman and Farlow 
18. Brave or Grande 
19. Oceanic abbreviation 
24. 1999 loser? 
25. Deals with lightly 
26. Too good to leggo 
30. Singer Pete 
32. Rejections 
34. Bio. energy source 
35. Miseries 
37. Thermo Electron corp. 
39.Sneaky 
40. On the streets 

41. Heighten 
42. Type of circus 
43. Erg or dyne 
48. Asian sea 
50. Japanese comic books 
52. " the cards" 
53. Flood precautions 
54. Rehearsal 
56. Road cone 
56. A stooge 
59. Primitive matrix 
60. Locale 
61. N' 
65. Golden Girl Arthur 
66. Grocery chain 
6 7. Summer quencher 

Crossword solution will be printed in the 

next issue of the Technolog. Here's the so

lution to last issue's crossword: 
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One of the fastest ways to build a retirement nest egg 
1s through tax-deferred Supplemental Retirement 
Annuities (SRAs) from TIAA-CREF. 

With funds automatically deducted from your paycheck, 
you can easily build income to supplement your pension 
and Social Security. 

And your contributions to SRAs grow undiminished 
by taxes until you withdraw the funds.* Add to that 
TIAA-C REF's solid history of investment performance, 
bolstered by our commitment to keeping expenses low, 
and you have more money workmg for you. 

So why wait? Let us help you build a comfortable retire-
INVEST AS LITTLE AS ment today with tax-deferred 

$25 a month SRAs. We think you will find it 
through an automatic rewarding in the years to come 

payroll plan 1 • 

*Note Under federal tax law, withdrawals pnor to age 59/S may be 
subject to restricttons, and to a 10% addit1onal tax. 

suring future 
for those who shape 

IT'S EASY TO SAVE MORE THROUGH 
THE POWER Of TAX DEFERRAL 

$41 ,232 ______ __, _ _:_ _____________________________________________ l I 
$31,933 

$13,052 ====---------l 
$11,609 

IOYEARS 

I 

20YEARS 30YEARS 

In this hypothetical example. setting aside $100 a month in a 
tax-deferred investment with an 8% return in a 28% tax 
bracket shows better growth than the same net amount put 
into a savings account. Total returns and principal value of 
investments will tluctuate, and yield may vary. The chart 
above is presented for illustrative purposes only and does not 
retlect actual performance, or predict future results, of any 
TIAA-CREF account, or reflect expenses. 

.800.842.2776 
ww .. tiaa-cref .. org 

For more complete information on our securities products, please call1.800.842.2733, ext. 5509, to request prospectuses. Read them care
fully before you invest 1. You may be able to invest up to the IRS maximum of $10,500 per year. To receive a personalized calculation of your 
maximum contribution, call TIAA-CREF at 1 800 842-2776. • TIAA-CREF Individual and Institutional Services, Inc. distributes the CREF and TlAA 
Real Estate variable annuities. • Teachers Personal Investors Services, Inc distributes the Personal Annuities variable annuity component, mutual 
funds and tuition savings agreements. • TIAA and TIAA-CREF Life Insurance Co., New York, NY, issue insurance and annuities. • TIM-CREF Trust 
Company, FSB provides trust services. • Investment products are not FDIC insured, may lose value and are not bank guaranteed. 
© 2000 TIAA-CREF 08/03 
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Quantitative modeling of the nervous system requires 

new interdisciplinary collaborations in the sciences, 

mathematics, and engineering. 

Steven Hall couples visionary architecture with innova

tive engineering to unite CALA's two schools. 

The local MINOS factory helps build an experiment to 

locate and record the behavior of neutrinos. 

UMD students find a simple solution to a complex en

gineering problem: flyfishing for the disabled. 

Whafs old is 
An overview of current remodeling and a blast-from

the-past Technolog article from when Walter was new. 

An institution that provides its visitors with hands-on 

experiences with electricity and magnetism. 

An extraordinary internship opportunity gives students 

a chance to show corporations how to save time and 

money while preventing excess waste. 
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Melissa Eblen is a third

year graduate student in 

physics. Most of her re

search has focused on un

successfully sputtering 

stuff, but one of these 

days she will get to do 

some physics. If that does

n't work out, she'll become a Spanish

speaking ballroom dance teacher. 

When Tim Fister is not 

writing crosswords for the 

Technolog, he's usually 

working on physics home

work or watching cooking 

shows with Katie. He also 

sells fish and takes care of 

Neil Graf is an electrical 

engineering graduate stu

dent. His research inter

ests include using nano/ 

microtechnology to im

prove the quality of life for 

others. His interests in

clude reading, politics, 

Jen ldziorek is a pre-med 

student majoring in biolo

gy. She hopes to be a sur

geon someday, (unless 

she comes up with enough 

money to move to Tahiti.) 

No one can help you if you 

can't help yourself. 

Katie ldziorek is a senior 

in the architecture pro

gram. She can almost al

ways be found in her de

sign studio, where she 

injures herself frequently. 

She plans to very soon 

take up yoga as a stress

relief aid. She also very much enjoys 

Tim's corny word games and especially 

spicy cooking. 
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Jeanette Leland is a jun

ior majoring in physics, 

with a possible double 

major in English. She is 

actively involved with the 

Society of Women Engi

neers, and in her spare 

time she enjoys music, reading, 

rollerblading, and (when the weather 

permits} hanging out at the beach with 

her friends. This "fool" was born on 

April 1st, and admits to recently acquir

ing a Harry Potter addiction. 

Mike Mosher, a senior in 

mechanical engineering, 

is a firm beliver that peo

ple can make miracles 

happen, and among 

other miracles, he hopes 

to eventually get caught 

Chris Opsal is a rookie 

staff member at the Insti

tute on Community Inte

gration in the College of 

Education and Human 

Development, where she 

is an editorial assistant in 

the publications office. A 2000 grad of 

the University of Wisconsin-Madison/ 

she says/ "Writing for the Technolog 

makes me feel like a kid again. 11 

Jennifer Purdes is a 

freshman who plans to 

major in biomedical engi

neering. She hails from 

the lofty peaks of the 

Rocky Mountains and en

joys playing lacrosse/ ski

ing, watching movies/ 

and jumping in puddles! 

Bethany Steichen is a 

freshman in chemical en

gineering from Manhat

tan, Kansas. She enjoys 

soccer/ shoes/ music, 

cooking, tennis, politics, 

internet quizzes/ friends 

and things that don't in-

Daniel Thomas, a fifth

year mechanical engi

neering and journalism 

major, enjoys books, con

versations about travel

ing, history, God, and 

philosophy. In the spring, 

he looks forward to ca

noeing, camping and gardening. 

Scott Trenda is a fresh

man majoring in comput

er science and math with 

a minor in Japanese. He 

spends his leisure hours 

watching, talking about, 

writing about, and taking 

his friends to movies. Oc-

Eric Tsai believes that 

conduction and convec

tion would be much easi

er to tell apart if they 

were called "Malik" and 

"Dookie." When not 

meditating, reading, vol

unteering, playing piano, 

or traveling, he spends much of his 

spare time pondering: Who do I want to 

be? The person I hope to be or the per

son I fear I actually am? 

Michelle Walter is a 

freshman majoring in 

astrophysics. Her latest 

adventure is being an 

Admissions Ambassador. 

She also enjoys astrono

my, watching TV, movies, 

shopping, and hanging 

out with friends. 
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uch of the money annually injected into our nation's economy is spent in ways that 

encourage continued exploitation of natural resources rather than environmental 

friendly growth. In an economy in which consumers buy goods and services based 

on short-term cost, Bush's efforts to roll back environ

mental regulations threaten the longterm move to

ward sustainable development. The United States 

must maintain serious environmental protection regu

lations and laws to garner international respect for its 

role in global affairs and to ensure that its economy 

continues to thrive on the face of a planet with a high

ly valuable yet resource-limited environment. 

Even as we continue to degrade the resources 

around us, Bush is putting more and more responsi

bility for environmental protection in the hands of big 

business. Bush argues that business partnerships 

mean progress-allowing businesses to deal with en

vironmental issues in ways that will not hurt the econ-

Technolog editors Mi!u:! Mosher 
and iVIeiissa Eblen. 

omy. However, at some point, the oil economy must be hurt enough to provide incentives to 

create an economy based on sustainable technologies. One example of Bush's partnership 

with the oil industries is his agreement to roll back the CAFE (Corporate Average Fuel Econo-

my) standards set by Congress in 1975. These standards set a minimum limit on the average 

fuel efficiency of vehicle fleets made by American auto-makers. Designed to encourage the 

auto industry to reduce development of gas-guzzling vehicles and explore alternative vehicle 

concepts, such as hybrid-electric and hydrogen fuel cell cars, the CAFE standards aimed to 

promote new directions in environmentally friendly automotive development. Without such 

standards, the incentive to market innovative, "green" vehicles is reduced. 

It is optimistic at best (unrealisitic is perhaps a more appropriate word) to assume that big 

business will achieve environmental protection on its own. Hefty coffers and government part

nerships allow businesses to fund dubious scientific studies on the environment and to stage 

significant-and sometimes effective-public relations and marketing campaigns that purport 

environmental altruism while they continue to damage the environment in the quest for short

term profits. 

Environmental protection in an industrial society must be achieved through innovation fos

tered by meaningful regulation, not through the type of bargaining and partnerships Bush and 

others are pushing. Business is simply too self-interested in its bottom line to care to about 

long-term environmental issues. Environmental regulations allow businesses to continue op

erating while establishing needed limits on pollution and economic incentives for research 

and development. 

The environment is too important for the federal government to put at the disposal of cor

porations. If Bush and other politicians continue to roll back environmental regulations for 

short-term business interests, individual citizens must rise to the occasion and promote their 

right to the long-term health of the environment, demanding that their representatives in Con

gress enact new legislation to protect it. Environmental regulations provide a real economic 

incentive for the technological innovation that will bring about sustainable development. If cit

izens do not continue to loudly demand that environmental protections be put in place and rig

orously enforced, politically and economically motivated cycles of exploitation of the environ

ment will continue with little meaningful change. 

- The Editors 
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BY JEN !DZIOREI< 

"life is divided into the 

horrible and the miserable." 

-Woody Allen 

hile most of us don't have 
such a bleak outlook on 
life, we all think that our 

lives could be happier. What makes 
people happy? Millions of people have 
spent billions of dollars trying to an
swer this question for ages, yet no de
finitive answer has emerged. Or if 
someone has found the answer, 
they've cleverly kept it to themselves. 

People are still proposing solutions 
to this age-old question. Some of the 
better-known answers include money, 
power, virtue and, the old standard, 
sex, drugs and rock'n roll. Others think 
sugar, ignorance, material possessions, 
and love are the secret to contentment. 
Let's take a look at the credibility of 
some of these options. 

Ignorance is the most amusing op
tion on the list, Would we all be happy 
if we didn't know there were better cars 
and warm tropical islands? Would we 
attack other countries if we didn't 
know they had things that we wanted? 
You couldn't want something if you 
didn't know it existed. Jealousy is the 
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cause of many tumultuous events. 
Avoiding jealousy could stop many of 
the world's ills. Knowledge has made 
many wonderful things possible, but it 
has also created the nuclear arms race 
and impoverishment. Most people 
wouldn't want to go through life in ig
norance, but what if we didn't know 
any better? 

Money and power go hand in hand. 
If you've got a lot of money, you've 
probably got a considerable amount of 
influence. Do these things cause hap
piness? Maybe. Hugh Heffner, a play
boy millionaire with considerable in
fluence, seems to be a happy man, but 
is his polar opposite, the Pope, happy? 
Is the president happy? How about the 
Queen of England? Of course they're 
all happy occasionally, most people 
are. But are these rich and powerful 
people happier than your next-door 
neighbor? Maybe they're not. All that 
money and influence has a price. A lot 
of people depend on the powerful. 
They have a lot of responsibility. All 
that responsibility causes anxiety. 
What does your next-door neighbor 
have to worry about---the future of his 
coffeehouse band? 

Hugh has a lot of money, but he 
doesn't seem to be responsible for any
thing that affects the lives of millions. 
He must be as happy as a child. Chil
dren laugh up to 25 times a day more 
than adults. They worry about very lit
tle. Could irresponsibility be the an-

swer to it all? 
Virtue might create happiness, but 

do any of us possess it? Who is virtu
ous? Religious leaders? Just read the 
paper. There are fewer and fewer virtu
ous religious leaders every year. The 
monks of Tibet tell us that peace comes 
from within. Perhaps they're on to 
something. 

A large portion of the economy is 
geared towards making people happy 
or at least making their lives easier 
and more enjoyable. Candy bars exist 
so that you can relish their taste. 
Jaguars were made so that those who 
ride in them could feel an adrenaline 
rush from driving such a beautiful ma
chine. Yet not everyone who is riding 
in a Jaguar is happy. Candy bars be
come tiring. When the population tires 
of one experience, Madison Avenue 
creates a new one. We are not interest
ed in experiencing the same things 
over and over again (well, with a few 
exceptions). We're only interested in it 
if it's new and exciting. Variety is the 
spice of life and we'd like extra, please. 

And you might as well face the 
truth. Your significant other doesn't al
ways make you happy. Your family is 
great, but sometimes they are whiners, 
nags, and jerks. Best friends can stab 
you in the back, and your buddy can 
let you down. But despite their faults, 
friends and family can make you hap
pier more consistently than the other 
10,000 people you walk by in a given 



e(l al) drugs 

Dopamine: The only thing keeping our 

staff from quitting. 

day. They help you deal with your 
problems and provide a constant 
source of entertainment. Their hugs 
and kisses can make you feel better, 
and get you through hard times. 

So what will make us happy? 
Money, power, fame? Actually, there is 
only one thing that will make us 
happy -drugs. No, not those kinds of 
drugs. The natural hormones of the 
body trigger the release of the neuro
transmitters that communicate infor
mation from nerve cell to nerve cell. 
These neurotransmitters are responsi
ble for happiness and prevent unhap
piness. 

The most prominent of these natu
ral drugs is seratonin. Seratonin is reg
ularly released into the central nervous 
system and causes a normal, healthy 
human to feel content. Low levels of 
seratonin can cause depression, in
somnia, and fatigue. Since it produces 
an opiate-like high during periods of 
elation and eases short-term tension 
most anti-depressant drugs contain 
seratonin. 

There are other natural drugs we 
can't do without. Dopamine regulates 
movement (a deficiency in dopamine 
causes Parkinson's disease), controls 
emotional states, and helps the body 
cope with stress. Epinephrine, known 
as the "runner's high" neurotransmit
ter or adrenaline, helps protect our 
body. It is responsible for our "fight or 
flight" response and also acts as a 

atg you rough eday 

Epinephrine: The official drug of 

marathons everywhere. 

powerful painkiller. It is three times 
more potent than morphine. Who 
needs the fake stuff when the most po
tent stuff is homegrown? 

JJI 

it 

Neurotransmitters leap into action 
before we know it. They fight stress 
caused by jealousy, responsibility, and 
trauma. It's seratonin that fights the 
aggravation you feel when your neigh
bor plays his music too loud or the 
anger you experience when your man
ager explains something you already 
understand for the third time. 

Serotonin: Mmm ... serotonin. 

Dopamine doles out its healing power 
when stress attacks, and epinephrine 
provides surges of energy during new 
experiences or extremely pleasurable 
ones. 

Is happiness the ultimate purpose 
in life? There's no immediate way of 
knowing, unless you're an atheist and 
then hopefully the answer is yes. Here 
are some of the overriding factors that 
have been discovered in the course of 
this article: ignorance may not be bliss, 
but irresponsibility might be; being en
tertained makes us happy, but only if 
it's new; happiness may come from 
within, but only if you want it to. And 
all of this is fueled by the release of the 
body's natural drugs from excitement, 
personal joy and lack of stress. 

But there are still many other ques
tions to ponder: Does laughter cause 
happiness or is it the other way 
around? Is it possible that we are con
stantly in pain and "happiness" is just 
when we experience less pain? Did all 
of the people who discovered true hap
piness also discover that each person 
defines their own reality, and now exist 
on another plane of life? Is innocence 
the root of "bliss," not ignorance? Can 
we choose to make ourselves happy? 

Who knows? Maybe Woody Allen 
has the answer. 

FOR MORE INFORMATION see 
www.csuchico.edu/psy/BioPsych/neuro
transmission.html 
www.micro.magnet.fsu.edu/micro/gallery/ 
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BV NEll GRAf 

volution's most complex and ver
satile achievement\ the human 
nervous system, provides a chal

lenging research frontier for scientists. 
The nascent interdisciplinary field of 
neuroscience seeks to study the devel
opment, structure, and function of the 
nervous system in humans and other 
organisms. Although traditionally 
based in the life sciences, as the field of 
neuroscience matures, the need for 
quantitative modeling and insights 
from the physical and computational 
sciences grows according to Professor 
Timothy J. Ebner, head of the Universi
ty's neuroscience department. 

To foster training in this area, the 
National Science Foundation funds the 
Integrative Graduate Education and 
Research Training Program (IGERn at 
the University. This program combines 
the knowledge, skills, and expertise of 
three existing resources on the Min
neapolis campus: the Graduate Pro
gram in Scientific Computation, the 
Graduate Program in Neuroscience, 
and the Minnesota Supercomputing 
Institute. Participating faculty from 
many departments across the Universi
ty have projects that include molecular 
modeling of receptors and ion channels, 
imaging and eigenvalue problems, sin-
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gle neuron models, motor control neu
rophysiology, modeling visual informa
tion processing and perception, neural 
networks and evolutionary algorithms, 
and problems in information control. IT 
graduate students in departments with 
participating faculty-biomedical engi
neering, chemistry, physics, chemical 
engineering, computer science, or 
math-are eligible to apply for the 
IGERT fellowships, as these departments 
have participating faculty. 

One specific example of IGERT re
search in computational neuroscience 
is the work being done by Dr. Tony 
Varghese in the lab of neuroscience as
sistant professor Linda Boland. Vargh
ese studies the kinetics of potassium 
ion channels using the mathematical 
theory of Markov models. This re
search requires skills in molecular biol
ogy, neuroscience and physiology, 
chemistry, and mathematics. 

Ion channels are proteins that span 
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a cell membrane to permit specific ions 
to enter and leave the cell. This flow of 
ions triggers the electrical activity that 
transmits signals along cells. Last De
cember Varghese and his colleagues 
published a study of the effect of pre
mature stimulation of HERG K+ chan
nels2. HERG is a human gene, which 
manifests itself as a potassium (K+) ion 
channel in the brain and heart. The 
HERG K+ channel demonstrates some 
unusual kinetics that are consistent 
with their putative role of providing 
people protection by suppressing car
diac arrhythmias sparked by prema
ture heart beats. According to this 
study, ventricular arrhythmias are re
sponsible for over 300,000 deaths per 
year in the United States. These statis
tics provide a sense of the enormous 
benefit this research could bring to 
medicine. 

Varghese and his collaborators 
compared experimental findings 
about the effects of premature stimula
tion on HERG K+ channels with com
puter simulations using Markov mod
els. Markov modeling is a branch of 
statistics that describes a physical sys
tem that can exist in a number of dif
ferent states. The transition between 
states is memory-less; the future state 
only depends on the current state. 

The researchers used cutting edge 

on 

molecular biology techniques to trans
feet a human HERG gene into a cul
tured Chinese hamster ovary cell. 
Then they employed a technique used 
extensively by neuroscientists called 
patch clamping. Patch clamping can 
be used to study the current flow, or 
ionic activity, of a single ion channel 
or a large number of channels in a sin
gle cell. A very fine hollow glass micro-

pipette tip filled with a solution that 
closely mimics intracellular fluid is 
pressed against the cell's surface where 
a negative pressure differential is ap
plied to form a pressure seal between a 
small patch of cell membrane and the 
pipette tip. The patch is then ruptured 
to allow an electrical connection be
tween the inside of the cell and the 
pipette. Neuroscientists can then use 
sophisticated electronic equipment to 
monitor ionic currents through the 
channels. Currents as small as a few 
picoamps can be measured, and the 
technique exhibits microsecond time 
resolution. With such a high degree of 
resolution for current and time, scien
tists can observe how fast the channel 
opens and closes, how frequently it 
opens, and how long it stays open. 
One can get a sense of how remark
able this technique is by observing Fig
ure 1, which shows the response of 
HERG K+ channels during delivery of 
different cardiac signals to the chan
nels. 

For the study's modeling compo
nent, researchers set-up a Markov state 
model as a system of non-autonomous 
ordinary differential equations, with 
an algebraic equation to represent the 
conservation of states property of 
Markov chains. Figure 2 illustrates the 
differential equations being used in 
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the model. In section A of this dia
gram, the circles with CO, Cl, C2, 0, 
and I represent the different states or 
three dimensional protein shapes of 
the HERG ion channel. The Greek sym
bols above the arrows represent rate 
constants of the forward and reverse 
configurations. Anyone who has taken 
a second semester, general chemistry 
course can appreciate the similarity of 
the representation in Fig. 2A showing 
different ion channel states to that of a 
chemical reaction in equilibrium. 

The Markov model computer simu
lations were found to agree with the 
data obtained in the patch clamp por
tion of the experiment. Varghese is 
presently following up on this report 
with a computational study of changes 
in HERG kinetics when the channel in
teracts with other proteins with disease 
mutations. 

Because research in this area is di
verse and multi-faceted, it is rare to 
find a researcher capable of carrying 
out every aspect of an experiment like 
the one described above. Instead, 
groups of highly talented individuals 
with expertise in disciplines such as 
molecular biology, neuroscience and 
physiology, chemistry, and mathemat
ics, come together to understand com
plex biological phenomena. 

11The Computational Neuroscience 
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Program at the University is aimed at 
producing a group of Ph.D's each of 
whom will have interdisciplinary 
training and research experience,'' 
says Varghese. "The fellows in the pro
gram are the best in the country. The 
opportunities before them are tremen
dous. They are bound to make a 
tremendous impact on the field of 
Neuroscience. We should seethe shock 
waves in the next three to five years." 
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Another interdisciplinary research 
project underway within the computa
tional neuroscience program can be 
found in Professor Timothy J. Ebner's 
lab. Ebner, a neurophysiologist and 
head of the neuroscience department, 
studies the cerebellum and its role in 
an organism's movements. Character
izing and elucidating the spatiotempo
ral patterns of neuronal population 
activity in neuronal networks is crucial 
to understanding the cerebellum, as 
well as the nervous system as a whole. 
Understanding the awesome parallel 
wiring patterns formed by neurons in 
the brain will help physicians to better 
treat patients with brain lesions and 
other nervous system abnormalities. 

One aspect of Ebner's research is to 
study the activity of specific neuronal 
architecture within the cerebellum of 
rodents in response to peripheral stim
ulation, using optical imaging tech
niques. In one study3, researchers used 
tungsten microelectrodes placed in the 
cerebellar cortex, brainstem, and the 
ipsilateral vibrissa (whisker) pad to 
provide stimulation. The neuronal ac
tivity resulting from· this stimulation 
changes the pH. within· the affected 
cells. The researchers used a. pH sensi
tive dye called Neutral Red to map the 
location of active neurons. A sophisti
cated setup with a fast, high-resolution 



charge-coupled device (CCO) camera 
recorded the changes in pH. The optics 
was an integral aspect of the signal 
recording technique used in the exper
iment. 

The general schematic of the basic 
recording technique is shown in Figure 
3. The setup is based on the optical 
principle of epi-fluorescence. Epi-fluo
rescence is the process of emitting at 
one wavelength of light, and observing 
a different wavelength being emitted. 
Neutral Red's optimal excitation wave
length is 546 nm. After excitation, the 
signals pass through a dichroic mirror 
and an emission filter for wavelengths 
;::: 620 nm, which contains the peak 
emission for Neutral Red. The signal fi
nally enters the ceo camera, which 
records rapid digital sequential images 
before, during, and after the stimula
tion. Researchers extract the optical re
sponse to the stimulation by subtract
ing a non-stimulus frame from frames 
obtained during and after the stimula
tion. To quantify the optical responses, 
a two-dimensional fast Fourier trans
form analysis removes undesired hori
zontal artifacts like blood vessels, and 
high spatial frequency noise, leaving 
the desired signal intact for scrutiny. 
Researchers then use various computa
tional techniques to characterize the 
optical images; for example, principle 
component analysis helps define the 
independent spatial patterns of activi
ty present. 

More recently, Ebner's group assem
bled an electronic device to drive a 
piezoelectric bimorph load. This set-up 
will provide a more natural means of 
stimulating rodent whiskers. A piezo
electric bimorph is basically a capaci
tor that will deflect if a voltage is ap
plied between the two plates. If 
mounted as a cantilever, the bimorph 
will bend such that it acts as an actua
tor, capable of moving rodent whiskers 
in a periodic fashion. It turns out that 
a rodent's cerebellum responds best 
with stimulations to the whisker pad 
delivered at a frequency between 6-8 
Hz. To drive the bimorph at this fre
quency, the researchers designed a vir
tual function generator on Lab View, a 
computer using the software package 
sold by National Instruments. 

Computational neuroscience is a 
highly dynamic and interdisciplinary 
area of research that spans engineer
ing, mathematics, and the physical 
and biological sciences. Though re
searchers bring diverse expertise, they 
are all united by the common goal of 
solving scientific problems that would 

be extremely difficult to pursue as in
dividuals. The computational neuro
science program is an ideal program 
for those graduate students whose in
terests lie in multiple areas and wish to 
conduct research that benefits people's 
lives. 

Kenneth Reinert, a graduate stu
dent in the program, agrees, 

"The Computational Neuroscience 
Program is probably the most exem
plary of the NSF IGERT training grant 
programs." 

FOR MORE INFORMATION see 
www.compneuro.umn.edu or email the 
program's administrator, Kathleen Clinton, 
at clinton@compneuro.umn.edu 

(1) Crossman A.R., Neary D., Neuroanato
my 2nd, Churchill Livingstone, 2000. 

(2) Yu, Smith, Varghese, et.al., Journal of 
Physiology, Effects of premature stimula
tion on HERG K+ channels, 537-3, pp.843-
51, 2001. 

(3) Hanson C.L., Chen G., Ebner T.J., Neu
roscience, Role of climbing fibers in deter
mining the spatial patterns of activation in 
the cerebellar cortex to peripheral stimula
tion: an optical imaging study, 96-2, 
pp.317-331, 2000. 
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Steven Hollremembers henrin~ 
these words from a member of 
the Board of Regents in 1998. 

, With them his design for the ar-
·~b,itecture1bui~ding addition was reject~ 
~d. "It should .be\ mo're like Pillsbury 

HalC~;~r tper~1 " .• h.t .. ~t\s told. 
Holl;··fime inag~zine's 2001 Archi~ 

te~toffhe Year,,had j~stprese~t~c~a 
concrete block-clqd.,,.design;·After thir

··teerFyecirs 'ii~ing' with the project, he 

·tl.),Q.~ght it was dead .. ~~ 'VIl<:ls (llready 
~t~:~;hing th~.budget;' and remembers 

' ·'thinking, "What could be cheaper 
tha:rt'concret~ block?" 

HoJl kept at it, though, and 
switch'ed to the copper sheets with hor
izontal standing seams that recently 
begcrn·'to appe?r on the building. This 
design hot onlyisatisfied the board, but 
also all9,wed fot a lighter structure that 
cost $2.$0,000 l~ss than the previous 
design. 

A IJJrivinQ Visiorn: 
When he '\graduatf:9Jnn:n .. universnyTn 
.197-l;Hol, says he was ardently ideal

istic, and d,idn't want to h~.~e ~I?:yt:l,tigg 
to do with the .AJ,undan~ ·details of 

1 Q SPRING 2002 MINNESOTA TECHMOLOG 

fa~~ade wm darkerl to a bronze-red. It wm tihen turn a light pati

wntih ·uu~ p~anned gardens and perhaps the rest o~ the campus. 

building. Aqd although l}e soon saw 
the necessity of architecture's practical 
side, he never lost his pa~sion for vi
sionary architecture driven by a sim
ple, central idea. 

Beginning his design of a·dormitory 
complex currently being built at Mass
achusetts Institute of.Jechndlogy, Holl 
handed out an organic sponge to each 
of. his designers, telling them, "Study 
that-we've got to make a •,building 
like this." 

~~e. drivii}gidenforlhe College of 
J(rchitecture }and Landscape Architec
ture additio~ was the integration of 
the. two c&chodls--archi tecture and land
scape· architeCture. According to CALA 
dean Tiiornas' Fisher, the college• was 
already Working towards this 'idea in 
its philosophy and academics. 

Hall's originaL1988 desfgii\Vqs for a 
circular addition joined to the 

current square building to form',, an 8-
shape. But it took ten years for the new 
addition and cuiTent building renovp
tion to rise high enough on the' Uni
versity's priority list to receive most of 

the $26.4 million request. B~.t~~~!~m~, 
the budgeted mon~y . .wasn1t enough to 
pay for the 110,000-square foot addi1. 
tion that wqs originally pldrined. 

So Holli drew l.lp a new design, 
changing the inward-looking·· circle 

into an outward-lgp~tn.g.,,;f=rUCifofrn 

sh,upe. Hall said his ·b;~ther ~alled the 
design·· "the project tna.f·:;;wa~ a' zero"--

and became <:.plus.''.: 
The four arms of the building inter

lace with the four gardens between 

them and symbolize the integration of 
two schools, Fisher says. Although the 
building used up the project funds, he 
says the college is still fundraising to 
pay for the gardens. The planned gar
dens each reflect one of the four sea
sons, and come together at the center 
of the cruciform, where the lobby lies 
between large picture windows. 

"When you're in the building you 
look out into the landscape and when 
you're in the landscape, you can look 
right through the building," Fisher ex
plains. 

Fisher adds that the emphasis on 
integrating landscape and building 
will become even more apparent as 
the trees in the gardens grow and the 
building's copper exterior oxidizes to a 
patina green, a process that takes 
about a decade. 

While it may eventually merge into 
its gardens, the building is not de
signed to meekly blend in to the cam
pus. Rather, Holl intends the three pro
jecting end walls to terminate views 
along Church Street and Pillsbury 
Drive. The building contrasts signifi
cantly with its neighbors on Pillsbury 
Drive, falling more in line with the ap
pearance of the Weisman Art Gallery 
and McNamara Alumni building. 

; When asked about the campus' two 
other metal-plated buildings, Holl 
merely said, "I admire the courage of 
the University to hire such people." 

The location and unconventional 
design have already elicited strong 
opinions, and Fisher admits that, with-



out its gardens, the new building 
"looks very severe." In an October 
1999 article, Minnesota Daily columnist 
Dan Maruska said the addition con
formed to fleeting architectural fash
ion and clashed with the functional, 
subtle beauty of the original 1958 
building. 

The building's unconventional engi
neering goes deeper than the 55-mm 
copper shell. Between two layers of 
gypsum, the 3-foot thick exterior walls 
contain heating pipes, HVAC ducts, 
structural members and rigid insula
tion. Together with Holl, Guy Norden
son, the structural engineer, conceived 
of the thick walls as a cost-saving 
measure, Fisher said. According to Jay 
Biedny, project manager for Ellerbe 
Becket, this addition was less expen
sive for its size than most of Holl's de
signs. 

Since the narrow arms of the plan 
allow the ductwork to feed the whole 
building from the sides, there is no 
need for a hung ceiling. This allows the 
possibility of redesigning floor-space; 
the walls can be moved without worry
ing about ductwork and wiring in the 
ceiling. The thick walls also make for 
some nice window seats. 

Entering through the main west 
doorway, this design makes the build
ing's skeleton immediately evident. 
The bare concrete planks over the cen-

tral reception area reveal another in
novation in the spine. The lobby also 
boasts of it by allowing a clear view 
through the whole structure. 

In order to eliminate the need for 
structural shear walls, the planks were 
suspended on scaffolding while the 
concrete floors and pillars were poured 
on top of and around them. With an
other thin finish pour on top and the 
smooth pre-cast planking below, the 
combined concrete floor takes the 
shear loads and has the smooth tex
ture Holl envisioned. These 13-inch 
concrete floors work together with a 
15-ton truss to support the library 
above and allow the open lobby space 
to span both floors. 

Leaving the ground level offices 
and auditorium, the second-story li

brary gives off a bright welcome with a 
two-story wall of glowing glass flood
ing the reading room and stacks with 
white light. According to Steven Weeks, 
member of the Building Space Plan
ning Committee, this was the largest 
such channel glazing installation in 
the country when it was designed. Two 
10-inch wide glass U-channels trap en
case a layer of translucent white insu
lation and give a combined U-value of 
0.6. 

The channel glazing windows also 
surround the top level studio space for 
third-year graduate students. It is even 
brighter than the library, with what 
Holl calls a "silky glow" almost strain
ing the eye in full sun. The studio 
spreads out on three wings and cannot 
be subdivided because of fire code reg
ulations. Still, as Fisher notes, it is a 
great room with wide window benches 
and the best view around. 

Moving in 
Architecture student Robin O'Brien is 
eager to move in and see what she says 
has been kept secret as a "big mys
tery." Fellow Masters degree student 
Finn Boulding looks forward to sharing 
the addition's studio space with land
scape architecture students. 

"They're right there, but we never 
see them," Boulding says, motioning 
across the original building's central 

in 

The itop floor giradua'i:a student sii:w]io com

somf~ ii:he best views on campus. 

courtyard to the strangers who will 
soon be neighbors. 

Architecture major Tiegen Leonard 
is looking forward to using the large li
brary. The closed stacks and tiny tem
porary library in the Architecture 
building basement were part of the 
challenge to overcome for the college, 
which has been spread all around 
campus. Though many problems were 
solved when the renovations on the 
original building were completed at 
the end of last semester, Fisher says 
that, even with the new addition, the 
college has already run out of space. 

The renovated and new buildings 
are fully air-conditioned. Since more 
classes will now be held during the 
summer term, the college will move to
wards a trimester system. Fisher hopes 
to move into the building in May. 

So, naysayers who don't like the 
building's exterior will just have to 
learn to live with it. Holl has faced his 
critics down before. When people com
plained about his ear-shaped sinks at 
the Helsinki Museum of Modern Art, 
he simply responded, "But you've 
never seen a sink like that before." 

FOR MORE INFORMATION see 
www.cala.umn.edu/BuildingCALA.html 
www.stevenholl.com 
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T H E F 0 R 

Detecting these tinyw elusive particles requires big machines and a big effort 

BY MICHEllE WAlTER 

ow do you learn about some
thing very small and nearly 
impossible to catch? Physicists 

studying neutrinos-elusive, subatom
ic particles that barely interact with 
anything-face just this problem. Cur
rently a 5600 ton neutrino detector 
being assembled here in Minnesota. 

What makes something so small 
worth all the effort? Understanding the 
neutrino may allow 
physicists to unlock 
the mysteries of the 
basic building blocks 
of the universe. Neu
trinos, tiny neutral 
particles, are pro
duced in nuclear reac
tions, such as those in 
stars and man-made 
nuclear processes. A 
million billion neutri
nos pass through you 
every second, but they 
don't interact with 
you. 

Billions of stars 
with billions of beta 
decays occurring 
every second produce 
most of the universe's 

The 
Wolfgang Pauli first proposed the neu
trino in 1930. He noted that in beta 
decay (a neutron decaying into a pro
ton and electron) the resultant energy 
doesn't add up to the initial energy. He 
figured that an additional particle 
might be produced in this reaction, but 
he didn't think it would ever be found. 
Enrico Fermi named this particle the 
neutrino and invented the theory of 
weak interactions to explain why it sel-

each neutrino flavor of neutrino in the 
universe, but the numbers didn't add 
up. For example, the sun produced less 
than half of electron neutrinos expect
ed. In addition, the ratio of muon neu
trinos to electron neutrinos resulting 
from the interaction of cosmic rays 
with atoms in the upper atmosphere 
was predicted to be two, but experi
ments showed this ratio was closer to 
one. From this, scientists predicted that 
the flavor of a neutrino could change 

as it traveled 
through space, oscil
lating from one type 
to another. But in 
order to change fla
vors, the neutrinos 
had to have mass. 
Physicists realized 
that precisely deter
mining the mass of 
a neutrino as well as 
the quantity of neu
trinos might help 
them figure out the 
mass of the universe 
and account for the 
"dark matter" 
thought to make up 
most of the cosmos. 

neutrinos. These neu- StudJeBts ghJHa aiumirmm the top of a mr.H:h,~ie for the MINOS detector. 

Catchinll1l!Jlll1lel!.lltrirrws 
To better understand 
neutrino oscillations trinos shoot off in all 

directions with very high energy and 
little mass. Until recently, neutrinos 
were thought to have no mass. If they 
do-and if there are more than 100 
neutrinos in every cubic centimeter of 
the universe-neutrinos may account 
for most of the mass in the universe. 
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dom interacts with matter. Although 
rare, the interactions of neutrinos with 
matter can be observed, and the first 
observation came in 1956 by Reines 
and Cowan. 

Over the years scientists discovered 
three types, or "flavors," of neutrinos: 
electron, tau, and muon. Experiments 
determined the output and number of 

and to determine the neutrino masses, 
physicists must find a way to detect 
neutrinos-a difficult proposition con
sidering how infrequently they interact 
with matter. Unlike many particles 
that easily react with matter, neutrinos 
can travel through the earth without 
being stopped. Therefore neutrino de
tectors are placed deep underground, 



so that other types of particles are 
blocked by the earth. 

Current detectors employ two main 
methods for catching neutrino events. 
Both require a large mass so there is 
more chance of a traveling neutrino 
interacting with a particle. 

Some detectors consist very large 
tanks of liquid placed deep under
ground. This liquid produces a notice
able discharge-a flash of light-when 
hit with a neutrino. 

Others use a very dense material 
coupled with a detecting device. If the 
detectors contain enough liquid or 
solid material, a tiny fraction of the 
neutrinos will interact with it. 

the threading machine. 

ifJ'il'!llrillrnnfuil the Mlft\IOS ;!Jl"'fli'Hr.illll'ii;;111lr.illl~d 

A promising new detector is currently 
being built for the Main Injector Neu
trino Oscillation Search (MINOS) at 

the Soudan Underground Research 
Lab, a former iron mine in northern 
Minnesota. 

The MINOS detector will be more ef
fective than the lab's current dector, 

Soudan 2, which 
was originally 
constructed to 
search for nucle
on decay. Like 
many other de
tectors, the 
Soudan 2 is ex
amining muon
and electron 
neutrinos in the 
upper atmos
phere. But scien
tists cannot con
trol the 
composition of 
neutrinos com
ing from the sun 
or the universe in 
general. 

The plastic elildpnece that guides all of the fibers into a photo tube. 

The MINOS 
detector, howev-

er, will focus on a beam of neutrinos 
being shot at it from Fermilab in 
Chicago, some 735 km away. In this 
controlled environment, physicists will 
know the type of neutrinos shot toward 
the detector. 

MINOS was designed and built in 
part by University faculty and stu
dents. 

"Following the submission of sever
al competing proposals and a lot of 
politics involving several independent 
reviews, the experiment proposed for 
Soudan was approved and the Depart
ment of Energy granted over $100 mil
lion to the experiment," says physics 
professor Keith Ruddick. "There are 
over 200 physicists from many institu
tions and more than 5 countries in
volved. The University's experimental 
high-energy group is the largest of the 
university groups." 

Determining how to detect and 
record each neutrino interaction posed 
a significant challenge, says Ruddick. 
"Only about one trillionth of the neu
trinos that come through the 5,600 ton 
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detector will interact in it, producing a 
few thousand interactions per year. 
When they interact, muon neutrinos 
produce highly penetrating muons 
that are easily recognized, while if they 
have turned into electron or tau neu
trinos, they produce electrons or taus 
that also have characteristic tracks in 
the detector." 

The detector design alternates one 
inch-thick iron plates with a detecting 
layer. This layer, made of specially 
doped plastic developed after two years 
of University research, is called a scin
tillator. 

When a neutrino hits a particle of 
matter in the iron plates, a charged 
secondary particle can fly off (a muon 
in the case of a muon neutrino). If this 
happens, the particle will travel into 
the scintillator and excite the particles 
in it that emit ultraviolet light. Nor
mally the light would be absorbed very 
quickly, but the plastic is doped with a 
wavelength-shifter, or fluor (like fluo
rescence) that adsorbs the UV light and 
shifts it down to blue light that 
bounces around, aided by a white re-
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flective coating that covers every piece 
of plastic. 

The light then travels into a special 
fiber that shifts it from blue light to 
green. (This fiber only changes light of 
wavelengths less than that of green 
light; if you shined red or yellow of or
ange light on it, it would not emit any 
light because the wavelengths are too 
long.) About five percent of the green 
light is transmitted through the fiber 

into sixteen-pixel phototubes in a mul
tiplexing box, or "mux box." The mux 
boxes are hooked up to a computer 
system that analyzes the data when a 
neutrino is detected. 

The detector itself is an eight-meter 
wide octagon and 31 meters long. Each 
active layer of the scintillator is divid
ed into eight modules. (The module 
layers must be cut into even smaller 
pieces because everything must fit in 
the 1880s-era elevator that that goes 
down the mine-shaft.) 

"When complete this will be the 
largest amount of plastic scintillator 
ever assembled-around five football 
fields," says Ruddick. 

l~lllildli[~l(! a Behemoth 
Half of the MINOS detector is being
built at a temporary specially designed 
factory at the Minnesota Geological 
Survey building on University Avenue, 
about a half mile from campus. The 
other half is being constructed at the 
California Institute of Technology. 

The first step in manufacturing one 
of the MINOS modules is to cut to size 
and bend the edges of an aluminum 
sheet. This serves as the base of a box 
to hold the plastic scintillators for one 

Smali pieces of phnstuc and! w<nveiemgth-shiftnng fibers are used! in the active scintillator. 



module. Then the 24-foot long plastic 
strips are cut to size and laid in the 
box. These strips are grooved on top for 
the fiber optics and have a white cov
ering. The strips are glued together, 
covered in a plastic sheet, and the air 
is sucked out of them to allow the 
epoxy to set, leaving the plastic strips 
tightly glued to the aluminum. 

After the glue has dried, the module 
is wheeled over to the threader, a clev
erly-designed machine that runs on a 
track up and down the length of a 
module. The threader lays a green 
fiber in the groove of each plastic strip, 
adds glue, and then tapes the fiber 
down with aluminized mylar tape. The 
fibers at the end of the module are 
placed into light manifolds that guide 
them to an optical connector so they 
don't get shaken or damaged. These 
manifolds and many other plastic 
parts were designed by mechanical en
gineering professor Thomas Chase, 
who has worked closely with the physi
cists in the design of this project. 

The third step in the production of 
the modules is to cut out of aluminum 

a top for the box. This "lid" is then 
glued on with epoxy, and then the box 
is further sealed using a technique de
signed by Chase. A hand-run device 
called a crimper runs up each edge of 
the aluminum and flattens and bends 
the edges neatly and consistently to fa
cilitate handling and keep light out. 
Then the air is sucked out of the mod
ule again so the glue will dry. It takes 
18 man-hours to produce one complet
ed module. 

Finally, every module is tested to 
make sure the fibers weren't stressed to 
the point of being unable to transmit 
light. Testing is done by a strong ra
dioactive source, a small Cesium-137 
gamma-source housed in a four-inch 
square lead container that walks up 
and down the module. Each wave
length-shifting fiber is connected to its 
own phototube for testing. This process 
maps the light output of the module. A 
module is rejected if it has more than 
two damaged fibers. The production 
goal was to have less than one percent 
rejection due to fiber damage. Of the 
more than 1,000 modules the Universi-

ty has made, only six have been reject
ed. 

The Minnesota MINOS factory has 
been in production for more than a 
year and is ahead of schedule. They 
have made over 1,000 modules and 
are scheduled to finish production in 
January 2003. Also at this time, about 
100 of the 489 layers of iron and scin
tillators have been installed in the 
mine. 

Although researchers hoped to have 
MINOS fully assembled and collecting 
data by 2003, operation of the neutrino 
beam at Fermilab has been delayed 
until 2005. In the mean time, the de
tector will study atmospheric neutrinos 
and other products of the cosmic rays. 
If all goes according to plan, MINOS 
will soon propel University researchers 
to the forefront of neutrino research, 
aiding them in the search for more a 
better understanding of the building 
blocks of the universe. 

FOR MORE INFORMATION see 
www.hep.umn.edu/minos/images/minos
minnesota.html 
www-numi.fnal.gov 
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UMD engineering students 

win ASME International 

Engineering Design Contest 

BV C~ni!STEN OPSAL 

am•fimillWhe team of University of Min
nesota-Duluth industrial en
gineering students who took 
first place in the American So

ciety of Mechanical Engineers (ASME) 
2001 International Student Design 
Contest may owe their win to their 
strict adherence to a fundamental 
principle of innovation: Keep it simple, 
stupid. Then-seniors Joseph Higgins 
and Michael Anderson triumphed in 
the face of a complicated problem with 
extensive contest specifications and 
competitors with sophisticated-looking 
devices because they persisted in their 
quest to solve the problem in the sim
plest way they could find. 

'fh~ 

The problem was anything but simple. 
Student members of ASME from 
around the world were asked to "de
sign and demonstrate a well-tested, 
cost-effective, and reliable prototype 
apparatus which would allow a quad
riplegic (someone with total or near 
total paralysis from the shoulders 
down) to cast accurately a fishing lure 
using a specified rod and reel." 

According to the contest statement, 
while quadriplegics have access to sip
and-puff technology for wheelchairs 
and other everyday assistive devices, 
"a definite need still exists for outdoor 
sports equipment which integrates sip-
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and-puff technology for control of the 
device." The problem asked ASME stu
dent members "to demonstrate the po
tential of mechanical and electronic 
technologies to meet the recreational 
needs of a part of the disabled popula
tion." 

In recent years, others have at
tempted to solve this problem. A fish
ing rod and reel for people with dis
abilities is available, but it still needs 
to be cast by someone with full use of 
their arms. Several other devices are 
available for people who have the use 
of one arm. But a rod-and-reel system 
that allows a quadriplegic to cast a 
fishing line and reel using only the 
mouth remained undeveloped until 
the ASME design contest organizers de
cided to make a contest out of it. 

Th~ Con~~s~ f~illl!es 

As though the problem itself wasn't 
enough of a challenge, ASME added 
some further criteria to define how it 
was to be solved. 

The "specified rod and reel" turned 
out to be the "Snoopy Catch' Em Kit," 
available at Wal-Mart stores. Higgins 
notes that for the UM-D team this one 
rule was the most difficult to follow. He 
says the problem would have been eas
ier to solve if the use of a more sophis
ticated rod and reel had been permit
ted. But that also may have exceeded 
the team's budget for contest supplies. 
They went through six Snoopy rod-

and-reels! 
The original problem required con

testants to use sip-and-puff technology 
to control of the fishing rod and reel, 
but contest organizers later modified 
this rule because sip-and-puff sensors 
are expensive. In adaptive devices, sip
and-puff sensors trip switches that 
open and close electrical circuits, pow
ering the device. Contest organizers de
cided that the fishing rod-and-reels en
tered in the contest could begin with 
the switches-in effect, rendering the 
sip-and-puff sensors "implied." 

The switches were to be located on a 
control box connected to the rod and 
reel by an electrical cable. The control 
box could not contain any batteries or 
other power sources. The device itself, 
however, could be powered by no more 
than five electromagnetic devices in
cluding motors or solenoids, (magnetic 
devices that charge a coil to drive a pis
ton upwards). To encourage of use of 
"inexpensive and robust off-the-shelf 
technology," contest organizers recom
mended a motor available at Radio 
Shack. 

Excluding the rod and reel, the en
tire device had to fit into a Popular 
Mechanics 16-inch toolbox prior to its 
assembly. Higgins says that by the 
final competition, they could have fit 
three of their devices in the box. 

At the contests, team members had 
to fasten their device to a pole mount
ed on a mock "dock"-a square plat-



form of plywood. Then, one team 
member, seated on the dock, had to 
cast the device using only the control 
box. Each team got two tries at three 
targets marked on the floor in front of 
the dock. The line connected to the lure 
had to be fully retrieved by the reel 
after each cast. The "lure," a 40mm x 
60mm cloth bag filled with 20g of 
sand, was provided for each team. The 
score was based on the distance be
tween the lure and the target. The 
team with the lowest combined score 
would be declared the winner. 

Th~ \1\lirmir~g Device 
As Higgins and Anderson experiment
ed with different ways to solve the 
problem, they kept trying to translate 
their complicated ideas in simple 
terms. According to Higgins, "There's 
got to be an easier way" became their 
mantra. "Some ideas just didn't make 
sense." 

They finally designed a device pow
ered by a solenoid and directed with 
three switches. It took four steps to cast 
and retrieve the device. (See photo.) 
Pressing button #1 (closing circuit #1) 
engages the solenoid. Pressing button 

#2 (closing circuit #2) brings the rod 
back. Releasing button #1 (opening 
circuit #1) releases the solenoid, send
ing the rod forward in a casting mo
tion. Once a fish has been caught, 
pressing button #3 (closing circuit #3) 
reels it in. 

The team's device actually went 
through two incarnations. The first 
clunky, inefficient version was demon
strated at the seven-state regional 
competition held in March 2001. Hig
gins says it resembled "a spider web of 
duct-taped wires." The streamlined 
model that Higgins and Anderson 
brought with them to the finals in New 
York City last November was down
right primitive in contrast to some of 
the other 12 devices. One team's device 
used a digital camera to "sight" the 
targets. A team of students from 
India-the only international team to 
make it to finals-attached a telescope 
to their device for the same purpose. 
Other devices cast "underhand" or to 
the side. One even utilized custom
made gears. 

Remarkably, all the devices that 
made it to finals worked well. But the 
two guys from Duluth still topped 

them all with a score of 218. The run
ner-up, Old Dominion University of 
Virginia, had 242. The last place team, 
New Mexico State University, scored a 
whopping 1318. 

Whtllfs Nm!t? 
Higgins and Anderson hope to eventu
ally market their device. In the mean
time, they will replace the Snoopy rod
and-reel and continue to simplify. The 
device still has to be adapted for use by 
quadriplegics or others with limited 
use of their limbs through "sip-and
puff" sensors, head paddles, or a voice
activated computer program. And 
there's still the problem of how to get 
the fish off the hook. Maybe ASME will 
make that the next design problem. 

FOR MORE INFORMATION see 
www.asme.org/students/Competitions/ 
designcontest/2001/Y2001 index.html 
www.tecsol.com.au/SwitchSuckBiow.htm 
Joe Higgins's personal website, which in
cludes an animation of the device: 
www.geocities.com/higginsj3 

MINNESOTA TECHNOLOG SPRING 2002 1 7 



smoke contrasted with the steelyaclean, angular surfaces of recent construction. In response 

to structural and technological deficiencies, the University closed the ~ibrary for a two-year, 

$63 mmion renovation. Walter's reopening this semester m·eveals a state-of-the-art facility 

outfitted with new computers and wireless Internet access. The dilapidated interior has been 

painstakingly restored to its former glory. Spotless marble pmars and floors reflect the 

saturated colors and complex moldings on the ceiling and wans. Greek figures representing 

the arts and sciences overlooking the reading room stm seem ancient. yet no longer 

obsolete. The same can be said for the librarya 78 years after its cornerstone was laid. 

Remarl<ably, the Technolog predates Walter library. Paul Nystrom's December 1922 article 

describes the original project-the focus of efforts to make the University a world-class 

institution-in glowing terms. In recognition of the historical significance of Walter library 

in the wake of its restoration, we run excerpts of Nystrom's article. 
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reserri:ative of the attention giver! to Wa~

ter Ubn:uy's intricaite details. 



be five stories high, embodies 

latest library designs 

BY PAUl E. NYSTROM 

or some time departmental ex
pansion has marked the progress 
of the University. This is evident 

in the case of the new School of Music, 
and also in the case of the School of 
Mines. Of late, the interests of the Uni
versity as a whole have predominated, 
and while we are awaiting the erection 
of the auditorium and stadium, the 
skeleton of the new library building 
has come into existence. 

A congested library will soon be un
known to Minnesota students. It has 
long been desirable to provide better li
brary facilities so that a greater num
ber of undergraduate students as well 
as advanced research scholars might 
be accommodated. In short, a library 

building for the library, free from ad
ministrative and executive offices hav
ing no direct hand in its supervision, 
has been the ultimate aim of those 
who have been working out the intri
cate problem of providing for the pres
ent and also for the anticipated future 

requirements of a Greater Minnesota. 
Before long we will view the con

summation of endless recommenda
tions, months of study and planning, 
in the form of a building which will 
give the capacity and equipment, and 
distinctive in its appointments. 
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.~!though clothing sty~es may 

of studying IT students. 

Pwepamtion of the Site 
The building, which is now being 
erected, covers a ground area of 205 
feet by 182 feet just to the north of the 
present Chemistry building. It will con
tain a basement and five floors with a 
total cubage of 3,000,000 cubic feet. 

Before construction could com
mence, the Northern Pacific R. R. shift
ed their tracks six feet to the north and 
covered them in order that the north 
portion of the building might not be 
delayed in construction. 

The huge earth pile east of the site 
represents about 20,000 cubic yards of 
earth which was excavated for the 
foundations. It is peculiarly interesting 
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that a great part of this is going into 
the actual construction in the form of 
aggregate for the concrete. 

Stnnct~ll® to Be five S·ton-ies Hi!"J]h 
The features of the basement floor will 
be the library school and the map 
rooms. The remaining space will be oc
cupied by locker rooms, toilet rooms, 
and equipment rooms. 

The administrative offices of the li
brary will be located on the first floor. 
Considerable space will be devoted to 
the catalogue rooms, reserve book 
reading room and delivery desk. A 
Treasure Room for the exhibition of 
valuable articles will be one of the 

points of interest on this floor. Very ap
propriate, indeed, is the standard li
brary, which is to be equipped similar 
to a private library containing a repre
sentative collection of such books as 
one might find under those conditions. 

Characteristic of a library, the read
ing rooms are on the second floor. 
These are two stories in height. The 
largest reading room is across the front 
of the building and is designed to seat 
350 students. The periodical room will 
have a capacity of 250 persons. A 
smaller general reading room will ac
commodate 250 people. These ele
ments are grouped around a central 
delivery space at the head of the main 



stairway. 
Seminar rooms occupy the major 

part of the fourth floor. They are of 
various sizes, it being the intention to 
accommodate seminar libraries of a 
great many kinds. Certain of these 
rooms are to be equipped with 
lanterns for lecture purposes. 

On the fifth floor, which has but 
half the area of the lower floors, are 
the private study rooms, and a book 
bindery spaced around a central court. 

It is estimated that about 1,800 stu
dents can be seated in the various 
rooms at one time. This is approxi
mately six times the capacity of the 
present library, and is greater than 
that of any educational institution in 
the country. 

.iigh~St S~(nCk IR00m in the lf"nln~ihru 
On the west side of the building, run
ning the full height of the structure, is 
the stack room. It will comprise twelve 
stories of stacks, and will have the dis
tinction of being the highest stack 
room in the country. On the west side 
of each stack story are a series of cubi
cles or carols for research scholars. 

The book capacity of the stacks as 
designed at present will be about 
1,250,000 volumes. Provisions are 
made for expansion so that approxi
mately 1,750,000 may be accommo
dated. 

The skeleton frame of the building is of 
reinforced concrete. This is a departure 
from the typical construction used in 
the buildings on the new campus in 
which the walls are carried up to sup
port the floors, columns being used 
only in the interior. The floors are of 
steel tile with concrete joints. 

Occupying a position equal to that 
of the Chemistry building with respect 
to the Mall of the Greater Campus 
Plan, it is obvious that the exteriors 
should harmonize. In general mass, 
the buildings will be quite similar. In 
detail, the library will have character
istic refinements. Two-story windows, 
with steel frames and sash, will express 
the reading rooms. Modification of the 
cornice design will add to the interest 
of the exterior. 

The interior of the building 

throughout will be finished with sim
ple and dignified decorations and sub
stantial furnishings. The public rooms 
are to be finished in marble with orna
mental plaster ceilings. The floors will 
all be of marble and tile. The walls of 

the main reading rooms are to be 
faced with a stone quarried at Winona 
resembling Italian Travertine. Linotile 
floors are used to aid in sound deaden
ing. 

Mechanical equipment plays an 
important part in the development of 
the design. A recirculating system of 
ventilation arranged to operate in 
units is to be installed. This will allow 
the various portions of the building to 
be ventilated independently of each 
other. 

Buildimlg Will Cost 
Almost a Millim1 and a Half 
To date, contracts have been awarded 
to the amount of $1,350,000.00 and 
$100,000.00 is to be expended in 
equipping the building and all its de
partments. 

It is anticipated that the building 
will be completed and ready for use 
about September 1, 1923. 

It is apparent that no thought has 
been spared and that no detail has 
been overlooked to make the new li

brary building so complete and so 
modern in its entirety, that it will not 
be surpassed by any institution in the 
country in its facility for effectively 
serving the student body. 

FOR MORE INFORMATION see 
http://www.it.umn.edu/walter 
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BY ERIC TSAI 

elying its elegant Tudor exte
rior, the Bakken Library and 
Museum is a lively treasure 
trove of information and his

tory dedicated to the role of electricity 
and magnetism in life. 

Like its architecture, the unique fu
sion of science, history and art makes 
the Bakken far from your typical sci
ence museum. Founded in 197 5 by 
University of Minnesota alumnus and 
Medtronic co-founder Earl Bakken, the 
modestly sized museum takes a broad 
approach in promoting the study of 
electricity and magnetism, emphasiz
ing not only its applications, but also 
its history, cultural context, and socie
tal contributions. 

The diversity of the Bakken's hands
on exhibits is evident at first glance. /Ji. ~woup of vom1g: studerrl:s g:e·ts hands-m~ expe1·ience in the Ear~ Sakken Science Program. 

Visitors can create a 60,000 volt spark 
by winding a Wimshurst electrostatic 
generator or listen as the electrical im
pulses of eels are converted into sound 
in an aquarium. Mirroring the perva
sive influence of electricity and mag
netism in our world, the Bakken's ex
hibits cover the role of electricity in 
nature, a historical overview of mag
netism and its diagnostic and thera
peutic applications, a celebration of 
the battery, and even an interactive 
collection of 18th-century electrostatic 
toys. 

A prime focus of the Bakken is to 
bring science to life with direct visitor 
interaction, says Kathleen Klehr, man
ager of marketing, public relations, 
and events for the museum. 

"We not only want people to realize 
how approachable science can be, we 
want them to leave the Bakken believ
ing that they can do science," she says. 
A few examples include a geomagnet-
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ic earth with a magnetic field that can 
be turned on and off and an interac
tive human battery in which visitors 
join cathode and anode with their own 
two hands. A meter even displays how 
many milliamps of current are flowing 
through their body. 

Instead of dazzling visitors with the 
latest in modern technology, the 
Bakken immerses them in the drama 
of the past, using historical narrative 
to add color to the study of electricity 
and magnetism. To get visitors inter
ested in 18th-century scientists like 
Michael Faraday and Hans Christian 
Oersted, the Bakken illustrates the 
human element that permeates both 
past and present. Instead of looking at 
them as dusty relics, the Bakken por
trays historical scientists as humans 
fused with the same curiosity about 
our natural world that people have 
today. 

"Science hasn't changed as much 
as you think," notes David Rhees, the 
museum's executive director. "The sci
ence of today is still shaped by the 
same aspirations, scientific approach 
and social conditions as science 
throughout history." 

The Bakken unites science and his
tory to reveal how the historical devel
opment of science can serve as a mech
anism for studying history in a broader 
context. "When we look at science's 
history, we not only see the discoveries 
but the culture and society of that 
time," says Klehr. "Science can allow 
visitors to make a personal connection 
with history." 

Driven by the belief that science 
and the arts are linked by the common 
thread of creativity, the Bakken also 
houses a vibrant 1937 French mural, 
La Fee Electricite, which colorfully de
picts the "harnessing of electrical ener-



gy" by illustrating the historical devel
opment of electrical science. Moving 
chronologically from right to left, the 
mural portrays more than 50 of the 
most influential electrical scientists 
gathering together in a scientific 
forum of epic dimensions (for exam
ple, Marie and Pierre Curie can be seen 
chatting alongside a pondering 
Thomas Edison). Above the scientists, 
a rapidly changing landscape evolves 
from subsistence farms, to coal plants, 
power lines and locomotives, demon
strating how scientific invention has 
transformed our modern world. 

The Bakken's integration of science, 
history, arts, and active visitor partici
pation is embodied by its theremin dis
play. The theremin, one of the world's 
first electric musical instruments, was 
created by Leon Vistor Theremin in 
1917. The instrument produces a wide 
range of pitches and volumes by de
tecting electrical interference, triggered 
by waving one's hands above the 
theremin. Visitors can read about the 
history of the peculiar device, see 
videos of a professional theremin per
formance, receive a theremin lesson, 
and even try their own hand at the in
strument-often to the chagrin of 
other museum visitors. 

Scnem~e a~r~d ...-;,r .. r-nlill·h, 

Although The Bakken predominantly 
focuses on the ways elec-
tricity and magnetism 
have benefited society, it 
isn't afraid to explore both 
sides of society's relation
ship with science. The 
Frankenstein exhibit is a 
prime example. 

Far from the Hollywood spin-offs that 
degrade the novel to a horror film, the 
Bakken's Frankenstein exhibit boldly 
confronts the issues of blind ambition, 
creation and the danger of pushing sci
ence's role beyond its usefulness. The 
exhibit epitomizes The Bakken's mes
sage--that the study of electricity ex
tends far beyond circuits and is deeply 
immersed in all the complexities of 
life. 

"In our Frankenstein exhibit, we 
wanted to show how science has im
pacted our conceptions of ethics and 
values and raise broader questions of 

how science has been utilized," says 
Rhees. At one point in the 12-minute 
long recreation, Frankenstein even 
pleads to the audience to avoid his 
past mistakes, "Avoid ambition, even 
the innocent one of distinguishing 
oneself in science." 

According to Klehr, the museum en
courages its visitors to question sci
ence's influence on society, as well as 
society's influence on science. "The 
Bakken tries to put science out there for 
you. Our role is not to decide whether 
it is good or bad," he says. "We want 
visitors to come away from their visit 

to The Bakken and form 
their own questions." 

lighlting l!ll fine 

jars and! eiecfrwsil:atic 

Staged in a recreation 
of Frankenstein's labora
tory, the exhibit success
fully captures the terror, 
alienation, and sympathy 
of the original novel by 
Mary Wollstonecraft Shel
ley. The lights dim and 
thunder crashes as the 
voice of Dr. Frankenstein 
narrates his tragic strug
gle with the mysteries of 
science and creation, a 
hauntingly accurate 
recreation of the original. 

generators, resemb~es lab il:h<J1t Victor r-raru1iH:lilisteun mig!··nt have used! in his ex

pedrnents with creatioru. 

The museum is only a 
small part of how the 
Bakken seeks to educate 
the public about elec
tricity and magnetism. 
With the aim of moti
vating youth into the 
path of discovery, it 
launched the Earl 
Bakken Science Pro
gram, a diverse set of 
youth programs that 
links students with sci
entists and engineering 
mentors to promote self
directed invention and 
innovative learning. 
Participants explore the 
past in order to inspire 
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them to invent their own creative proj
ects. "Individuals recapitulate the his
tory of science when participating in 
the learning process," adds Rhees. 
"That's why we start our students with 
electrostatics and the fundamentals 
that were discovered centuries ago and 
then progress toward modern develop
ments." 

In the year 2000, more than 115 
students ages 9 and older participated 
in the Earl Bakken Science Program. 
The programs are designed so that kids 
can participate at a young age and 
continue in the program as they get 
older. "We want to ignite a passion for 
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science in our stu
dents that will be 
self-perpetuat
ing," says Rhees. 
Quoting William 
Butler Yeats, 
Rhees adds, "Edu
cation is not the 
filling of a pail, 
but the lighting of 
a fire." 

The pas-
sion is still burn
ing bright for 
Mike Waddick, 
16, who started 
participating in 
the Earl Bakken 
Science Program 
when he was 12. 
After he and an-
other student 
showed interest in 
designing a Tesla 
coil, a 19th Cen
tury high-voltage 
transformer that 
sends out radio 
waves and radi
ates large sparks, 
the Bakken fund
ed the materials 
for them to 
make their own. 
After designing 
and fabricating 

their own Tesla coil in about a year, 
The Bakken approached Waddick to 
make one for the museum. "It's been 
an experience that has changed my 
life," he says. "Without The Bakken, I 
never would have gotten into all these 
projects before." Now, four years later, 
he volunteers to mentor other students 
like Sam Lane, 14, who designed his 
own Tesla coil with Waddick's help. 
Both plan to follow career paths in
volving electricity and magnetism 
when they grow older. 

Another initiative, the Historic Do
cent Program, offers students the 
unique opportunity to connect science 

with the performing arts. Youth rang
ing in age from 11-13 actively "take on 
the part" of a historical scientist, ex
ploring both their life and work. Stu
dents apply their research by acting 
out the role of their famous scientist, 
dressing up as the historical figure and 
interpreting some of the Bakken's ex
hibits for museum visitors. 

Other Bakken educational pro
grams include summer science camps, 
school field trips, and Earl's Garage, a 
traveling workshop that brings sci
ence-related activities to inner city 
schools in order to spur involvement in 
science for girls and underrepresented 
minorities. All of the programs em
phasize the importance of allowing 
youth to liberate their imaginations 
while working on hands-on science 
projects, bringing them in direct con
tact with scientific innovation. 

"The Bakken really creates a sense 
of 'Wow!"' adds Richard Johnson, are
tired fire-chief who now volunteers at 
the museum three times a week. "It's 
all about showing people the magic of 
science." 

The Bakken's true heart was evident 
during a recent school field trip in 
which Johnson led a group of young 
students in creating a "circle shock," a 
static shock transferred around a ring 
of joined hands. Trying not to disturb 
Nobel Prize winner Sir Andrew Huxley, 
who was giving a lecture on his life's 
work in the adjacent hall, Richard told 
the children to remain as quiet as pos
sible. "But when the shock went 
around the circle, they all broke out 
into these huge, wonderful squeals of 
laughter and joy," he says. 

"Did you just hear that?" quipped 
Sir Andrew Huxley, after being inter
rupted by the children's screams. "Now 
that's the sound of science!" 

FOR MORE INFORMATION see 
www. thebakken.org 



BV JEANETTE lELAi\lD 

y the year 2010, humans will 
have consumed about half of 
the crude oil on Earth. This is 

important news, considering oil ac
counts for about 40 percent of the en
ergy consumed by Americans, and the 
bulk of that petroleum is imported 
from countries in the politically unsta
ble Middle East. These facts, in addi
tion to environmental concerns at 
home and abroad, have caused the 
search for alternative fuels to increase 
in magnitude. One fuel developed and 
found to be an increasingly important 
alternative to petroleum is biodiesel. 

Biodiesel is an environmentally 
friendly alternative to petroleum be
cause it is produced from renewable 
sources such as vegetable oils, animal 
fats, and recycled cooking oils. 

One bushel of soybeans produces 
about 1.5 gallons of biodiesel, and 
Minnesota is the third largest soybean 
producer in the United States. Soy
beans are the state's largest agricultur
al crop; Minnesota farmers produce 
more than 200 million bushels a year. 
To investigate the feasibility of a state 
biodiesel industry, the Minnesota De
partment of Agriculture has conducted 
several studies on the economic impact 
of soy diesel production on the state. 
As a result, the Minnesota legislature is 
considering a bill that would provide 
incentives for new production of 
biodiesel. One department study 
showed that the production and use of 
soy diesel in Minnesota could generate 
$185 million to $460 million in total 
economic development and include 
the creation of 900 to 2,000 jobs. 

Biodiesel is created through a 

process called transesterification that 
involves mixing methanol with sodi
um hydroxide, and adding vegetable 
oil, such as soybean or canola oil, to 
that mixture. 

Biodiesel is biodegradable, and pro
duces significantly less air pollution 
than diesel fuel. Diesel exhaust 
is a potential carcinogen, 
and the use of biodiesel 
has been found to re
duce risks of cancer 
because it reduces the 
production of cancer
causing compounds, 
such as carbon 
monoxide. Biodiesel also 
displaces production of 
greenhouse gases such as 
C02 • When either biodiesel or 
petroleum is burned, the car
bon content of the fuel returns 
to the atmosphere as C02 • Plants 
grown to make oils for biodiesel draw 
C02 out of the atmosphere for photo
synthesis, causing a recycling process 
that results in less accumulation of 
C02 in the atmosphere. Thus, biodiesel 
does not contribute to global warming 
in the same way that petroleum does. 
According to the U.S. Department of 
Energy, biodiesel produces 78 percent 
less C02 than diesel fuel. 

But can biodiesel perform as well as 
regular diesel? Pure biodiesel can be 
used in all the same places as regular 
diesel, including motor vehicles, boats, 
and generators. However, special sys
tems are required for its usage, since 
biodiesel thickens in cold tempera
tures. Bad news for those of us in Min
nesota? Not necessarily. Blends of 20 
percent or 35 percent biodiesel with 
regular diesel can be used in almost 
any diesel engine. Biodiesel mixes well 
with diesel, and actually reduces the 
wear and tear on engines because it is 
a much more effective lubricant than 
plain diesel. Blends of 20 percent 
biodiesel have also been found to de
grade twice as fast as regular petrole
um based fuels. Pure biodiesel decom
poses at the same rate as sugar. 

But how much green is this green 

solution going to cost consumers? 
Unfortunately, since biodiesel is 

still so new, it is expensive. Pure 
biodiesel sells for $1.50 to 
$2.25 per gallon before tax. 
There is hope, however. The 

U.S. Department of Energy is 
working with the biodiesel in

dustry to reduce the cost of 
biodiesel to less than $1 per gallon 
over the next five years. In Min-

nesota, the state government is 
presently working on legislation that 
would provide a reduction in the gas 
tax on biodiesel blends. 

So where to buy this wonderful fuel? 
Biodiesel is not yet available every
where. However, it is being sold in bulk 
to large customers such as school bus 
fleets. Also, a local petroleum distribu
tion company or biodiesel producer 
can deliver B20, a 20 percent blend of 
biodiesel. 

In Minnesota, the state legislature 
is currently considering a bill that 
would require that all diesel fuel sold 
in Minnesota contain at least 2 percent 
biodiesel by volume. So, if you are in
terested in buying biodiesel, begin ask
ing for it at your local gas station, or 
email your state representative asking 
that he or she vote to pass meaningful 
biodiesel legislation. The greater the 
demand, the sooner biodiesel will be
come more available. 

FOR MORE INFORMATION see 
www.greenfuels.org/bioindex.html 
www.afdc.doe.gov/altfuel/biodiesel.html 
www.cglg.org/projects/biomass/ 
www.ott.doe.gov/rbep/ 

To view the progress of the Minnesota 
biodiesel legislation referenced in this arti
cle, see www.leg.state.mn.us/leg/legis.htm 
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1nrternship programs and 

research experiences 

dominate the summer 

agendas of many ambitious IT 

students. Unfortunately, many 

undergraduates find that an 

internship means three months 

of menial office labor, and a 

research experience is defined 

as doing the grunt work for 

researchers. This is not the 

case for the eight students 

every summer who participate 

in the Minnesota Technica~ 

Assistance Program (MnTAP). 

Last summer alone the eight 

MnTAP interns each working at 

a different Minnesota company 

saved their employers a 

projected $1,353,749!!! Yes, 

that's correct, over one mmion 

dollars in savings thanks to the 

work of eight individual 

students. 
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What is Mm11liAfl? 
The Minnesota Technical Assistance 
Program, founded in 1985, helps busi
nesses prevent pollution and better 
manage waste. The program, housed 
in the Gateway Center, is part of the 
University of Minnesota, and it is fund
ed by a grant from the Minnesota Of
fice of Environmental Assistance. Ap
proximately ten full-time professional 
staff with backgrounds in science and 
engineering and work experience in 
industry provide free technical assis
tance to businesses hoping to reduce 
costs by reducing waste. 

The intern program is an extension 
of MnTAP's mission to reduce and 
manage waste. Each summer, interns 
are hired and paid to work with vari
ous Minnesota companies, researching 
how to reduce waste 
within the companies. 
At the end of the three 
month internship, stu
dents suggest alter
ations in manufactur
ing processes that will 
allow the companies to 
save on disposal and 
raw material costs, re
duce waste, and de
crease the regulatory 
compliance burden. 

11or l?il~sbauy 
Nancy Mahagnoul, a 
chemical engineering 
major, spent her sum
mer trying to reduce 
wastewater output at 
Pillsbury Bakeries and 
Foodservice in Chan
hassen, Minnesota. She 
was not sure what to ex
pect from the intern
ship. "At first, I was 
very timid-afraid to 
make a mistake or talk 

the project would not be successful if I 
didn't involve anyone else. With only 
three months to make a difference, I 
had to work fast." 

The first step Mahagnoul took was 
to quantify the water used by each 
piece of equipment in the plant. This 
allowed her to identify where the most 
water consumption was occurring, in 
addition to comparing the actual 
water consumption to the manufactur
er's specifications quoted for particular 
pieces of machinery. 

Mahagnoul gives an example of 
the types of problems she encountered. 
"I found that a pan washer was using 
2.6 GPM [gallons per minute] while 
the manufacturer said it should be 
using 1.6 GPM. Maintenance staff and 
I located a hidden rinse line that was 

to people I didn't know. C!hemka~ engim:lo:.~dng majm Nan1cy Ma~·nngrnou! '\i'\.Jm·lkl.';d to 
I finally realized that ~essen Hr:e ammmt of waste w<:r~er pmduced ail: Pmsbury. 



damaged. That part was re
placed, and I observed the 
pan washer to use only 1.0 
GPM. I didn't think that a 
savings of 1.6 GPM sounded 
like very much, but in a 22.5 
hour production day, this 
[savings] amounted to 2,100 
gallons per day!" 

At the end of the summer, 
Mahagnoul compiled all of 
her work in a report which 
she presented to the man
agers at Pillsbury. The report 
included the results of her 
findings as well as a guide to 
continuing waste reduction 
efforts. Mahagnoul's work 
has led Pillsbury to reduce its 
annual wastewater output 
by over 1.8 million gallons! 

firnding Soh.lltions for fiber·· 
glas Fabricatm·s 
Fiberglas Fabricators, a 
small company in Le Center, 
MN which produces fiber
glass structures for the utili-

ty, electrical, and telecom- iKevin s81 nd§'frrom 

munications industries, 
benefited from the hard 
work of Kevin Sandstrom. Sandstrom's 
task was to find ways to reduce the 
waste generated in the manufacture of 
fiberglass boxes, namely how to avoid 
spraying fiberglass past the molds and 
onto the floor. Alternatives included ei
ther careful training of the fiberglass 
gun operators or installing robotics to 
do the spraying. 

"My job was to study the rate of 
waste production, the feasibility and 
savings of re-training the operators, to 
research the cost and waste savings of 
employing robotics, and to investigate 
the grinding and recycling of the fiber
glass scraps into polymer concrete," 
explains Sandstrom. 

With so much resting on his shoul
ders, Sandstrom set to work. "The work 
was very dirty and very hands-on, and 
I had to start working very early each 
morning, but I really enjoyed it just the 
same." 

Sandstrom became an integral part 
of the company through his three 
months on the job. "The people I met 
at FibFab are a great bunch of guys, as 

well as Deb McKinley and Randy Cook 
of MnTAP. Being able to work with 
these people and become friends with 
all of them was the best part of this 
job. I worked with a wide variety of 
people at FibFab, including the presi
dent and the plant operator, so I 
learned a lot about the business in 
general as well as my specific project 
goals." 

After examining all of the alterna
tives to reduce waste and save money, 
Sandstrom developed a report with the 
results of his analysis. "My findings 
were that the company was wasting a 
lot of money and raw materials and 
sending tons of solid waste straight to 
the landfill." 

Sandstrom found that the best op
tion for maximum savings was to in
stall two robots to spray the fiberglass. 
According to Sandstrom, "This would 
cost approximately $400,000 to buy 
and install, but would reduce (along 
with recycling the remaining waste) 
their raw material use by $125,000 an
nually and save about one hundred 

tons of solid waste per year 
from entering the local 
landfill." 

hlldhfidauil~s Maldrng lEl Dif
h~mm:::e 

Both Sandstrom and Ma
hagnoul agree that MnTAP 
is a unique experience. 
Sandstrom says, "You are 
your own boss." 

"The success of the proj
ect is up to the intern," 
concurs Mahagnoul. "Stu
dents should apply if they 
want to see a project devel
op as their own and see 
their knowledge applied to 
a real industrial setting." 

The independence of the 
projects requires a lot of 
work on the part of an in
tern, but the rewards are 
immense. At the end of 
every summer, MnTAP 
compiles a summary of 
projected annual savings 
and the amount of waste 

reduction resulting from 
each intern project. Last 
summer alone the projected 

waste reduction resulting from MnTAP 
intern projects include 83,600 pounds 
of paper waste, 5,300 pounds of 
coolant, 216.5 tons of fiberglass, 
32,935 feet of wire, and 25.4 million 
gallons of water. 

"It was a much better experience 
than any job I have had before," Sand
strom reflects. "I learned a lot and feel 
my work was very beneficial." 

Mahagnoul concludes, "[MnTAP] 
gave me a chance to educate the deci
sion-makers [at Pillsbury] in resource 
conservation. It was a great sense of 
accomplishment to do something good 
for the environment." 

FOR MORE INFORMATION see 
www.mntap.umn.edu 

To learn about the possibility of applying 
for MnTAP internships, contact Deb 
McKinley at mckin013@umn.edu 
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ith today's technology in films, science is intrinsically everywhere in them, from filming to audio to 

editing. However, the storyline of many movies is left to the CLA folk. In this article, we take a look 

at films based on scientific people and events, from the new (A Beautiful Mind) to the fairly ancient (Tron). 

Scott's Rating: ti 
I think this movie makes a mediocre 

documentary but a sub-par movie. The 

pacing is done well, but the flow is 

choppy. Each story follows a similar 

progression~ and so we have to contin

ue to re-identify with each new scien

tist as the former one's portion of the 

story ends. This would be okay if you 

were watching it in a classroom set· 

ting, but as entertainment it leaves 

much to be desired. 
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Bethany's Rating: i:ri;r"(;. 
This movie struck me as good overall, 

but there were certain omissions and 

discontinuities that bothered me. I 

liked how Crowe and Connelly por

trayed the Nash family grappling with 

Nash's schizophrenia, but other charac

tens were scripted in a confusing man

ner. For example, people who had for

merly disliked Nash suddenly give him 

a second chance. This created transi

tional gaps in the story for me. Also, is

sues of homosexuality, arrests, and 

problems with children-discussed in 

the book by Sylvia Nasar on which the 

movie is based-were left out entirely. 

While perhaps not the most accurate 

story, it is a sweet movie. 

Bethany's Rating: i;r"() 
Me & Isaac Newton would make a 

good video showing the diversity of 

scientific fields to sixth graders. The 

stories are appealing in and of them

selves, but I wouldn't seek this sort of 

documentary out on my own. The film

ing is paced well, ensuring that one 

does not become bored with each of 

the scenarios before moving on, but 

once again, it isn't an entertaining film 

to watch on a Saturday evening. 

I must say, I was somewhat impressed 

with the movie until about the last 10 

minutes. Ron Howard does a decent 

job of painting an image of schizophre

nia and the pain of uncertainty of one's 

environment. However, I think he also 

indulges a little too much in corny sen

timentality that leads to certain mo

ments in the movie being out of sync 

and uncharacteristic of the portrayed 

pewsonalities. Personally, I was not in

credibly moved by the movie, but I can 

see it winning lots of awards. 



Bethany's Rating: i:rtckiJ 
The casting, cinematography, directing, 

and editing in this film were quite im

pressive. However, at times, I found 

myself unable to follow the plot. There 

are also some scenes in this movie that 

may be objectionable to audiences, a 

human brain being poked by a pencil 

for example. I personally wasn't both

ered by the graphic sections, and I ab

solutely loved the surrealist dream-like 

quality of black-and-white cinematog

raphy. Coupled with stark, sometimes 

jarring scene shifts in editing, I thought 

the black-and -white highlighted the 

contrasts between the pure logic of 

mathematics and Max's steady descent 

into insanity. While there were several 

elements about this movie that I was 

taken with, overall I felt like I had been 

holding my breath for the whole film 

waiting for a relaxing sigh only to end 

up with a confused, let down exhale. 

Scott's Rating: i:rtri:r(-4 
I think it's safe to say that everyone 

loves a good movie. Vet I think it is so 

much more impressive when a good 

movie is made with no studio backing 

and a budget of approximately five dol· 

Iars. Pi was amazing for me because it's 

the only movie I have ever seen that 

was both interesting and confusing. I 

could not understand the entire film 

my first time through. I think there's a 

certain feeling that one gets from a 

good flick, and I got that feeling 

throughout this whole movie, even 

though I consider it a little difficult to 

pay attention during black-and-white 

films. Overall, this is a breakthrough 

masterpiece from one of my favorite di

rectors. 

Scott's Rating: '/):{'/):{"'(;. 

I have to admit that this isn't the best 

made or most brilliant film in the 

world, but I also like this movie a lot 

more than my rating would indicate. 

The script is delightfully corny, the plot 

all too predictable, and the acting well 

below par, but whereas Tron horrifically 

fell short as a film, I don't think the 

same elements that annoyed me in 

Trcm affected me at all in Hackers. I 

laughed both at and with this movie, 

which is a new feeling for me. I would

n't recommend this to a film society 

looking for a good conversation piece, 

but I would wholeheartedly recom

mend it to anyone looking for a fun 

movie without thinking too hard or 

paying too much attention. 

Bethany's Rating: '/::{1). 
A movie whose humor hinges on jar

gon puns can swing either way on the 

spectrum of good to bad, and for me 

this movie was definitely the latter. Not 

only did I find the dialogue trite, but I 

was also bothered by the portrayal of 

teenagers' clothing, actions, and gener

al lifestyle. They, like the plot line, were 

too contrived. I did like some of the col

lage-like sequences of old movie 

scenes and digitized images swirled to

gether. Conceptually I like the idea of 

protagonists who use brain rather than 

brawn; I commend it for that, but little 

else. 
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Bethany's Rating: ti'{;. 
This movie would be perfect for back
ground party amusement. If you over
look the complete absurdity of the 
technology portrayed and the bland 
emotional acting, you can find a whole 
lot to amuse you. The computer graph
ics used in Tum were an amazing 
breakthrough at the time of its cre
ation, and that lends this movie credi
bility. Overall, if you treat this movie 
like a b~film that can be laughed at 
rather than with, you might enjoy it. 
This would be okay if you were watch
ing it in a classroom setting, but as en
tertainment it leaves much to be de
sired. 
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Bethany's Rating: tititi-1; 
While it is easy to see where this movie 
is headed even from the beginning, 
there are some nicely unexpected turns 
in the film. It's a triumphant tale that 
would be difficult to watch if you didn't 
know that it was a true story. At a few 
points the acting is a bit overdramatic, 
but in the context of the quintessential 
American Dream story it is quite excus
able. The soundtrack fits well and the 
whole movie transitions nicely. Overall, 
this was an easy movie to watch be
cause it's just plain happy, and it's the 
kind of story that begs to be told. Very 
uplifting. 

Scott's Rating: 1.. 
Aside from the technological· value of 
the time, this "film" is in strong com
petition with Chairman of the Board for 
Worst Movie Ever. Half a star is very 
generous for this-it's extremely funny 
when it's trying very hard not to be. 
The acting is far below lackluster, the 
plot is painfully linear and easy to pre
dict, and the script makes every com
puter term of the time cliche within 
under three minutes-a record for most 
computer movies. It's bad enough 
when a movie insults your intelli· 
gence-there are enough of those films 
already-but when they do it under a 
guise of an atmosphere that's intrinsi
cally intelligent, the result is an idea for 
a movie that should have remained just 
that-an idea. 

Scott's Rating:*titi 
1 was very impressed that the story line 
was almost verbatim to real life - it 
makes it much more remarkable. I liked 
the ideas and foundations of the film -
it's an inspiring story. Although the act
ing is a little overdramatic and the 
script a little corny, the movie flows 
well and there's enough happening in 
the plot to divert your attention. In all, 
it's a decent feel-good movie that's just 
plain amazing when you look at it from 
a true-story point of view. 



Scott's Rating: *:*:fit 
Wow. That's all I can say. While this is 

not the most entertaining movie I've 

ever seen, it is an incredible story and 

the best documentary I have ever seen. 

To describe the plot, I'll paraphrase a 

quote from the movie: After their ship 

collapses, the crew is stranded on a 

pack of ice. They must row 250 miles to 

get to the nearest island. The story of 

the crew of the HMS Endurance is an 

incredible one, and the bravery and 

courage of the heroic Shackleton de

spite the hellish conditions inspired 

me. While I fell asleep the first time I 

watched it, I saw it again and was en

tranced by its excellence. 

Bethany's Rating: *:*:*: 
This is one of the best documentaries 

I've seen. Rather than being bogged 

down in dates and times, I felt amazed 

by the perseverance and success of the 

explorers. The historical context was 

intriguing. More of the story could be 

told. This, to me, is as much a marker 

of a good documentary as an interest

ing subject, quality directing, and pac

ing. While 1 was consistently surprised 

by the story of the Endurance's crew, 

the film is rather long, and dragged a 

bit in places. 

Scott's Rating: *:*:*:*: 
1 have to proclaim this my feel-good 

movie of the year. I was incredibly im

pressed with this, considering I had 

heard nothing of it from anywhere. Off

hand, I don't think I can remember a 

movie made from a true story that 

made such a cute plotline. The sound

track is fantastic; along the lines of For

rest Gump, it has some good classic 

American rock songs. One of my fa

vorite moments of the movie is when 

they're revving up the satellite dish and 

"Classical Gas'' is playing in the back· 

ground. The Dish has the magic that 

makes a movie enchanting, and it gave 

me the perma-smile that I love after 

seeing a good movie. 

FILM a 

Bethany's Rating: *:*:fit 
This is one of those movies that just 

leaves a person feeling good. It's hu

morous without being riddled with 
puns. The characters aren't the deepest 

I've ever seen, but I did grow attached 

to them. The Dish is also a welcome 

change from the typical space mission 

movie. I thought that there was some

thing for everyone in this film and 

would recommend it to anyone. 
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BY TIM F!STIER 

CROSS 

1. Fellow 
5. Resting on 
9. P. Wellstone, for example 
14. 3600 seconds 
15. Italian sendoff 
16. Similar 
17. Canopies that won't stay up? 
19. Oscar winner Jessica 
20. Brucie Willis' Space Movie? 
22. Razor brand 
23. Knit 
24. Penn or Connery 
27. Indian Prince 
30. Anthony Hopkins or Lancelot 
32. Just_ it 
33. _ spumante 
36. Tokyo, once 
38. End-of-day-eats 
41. Heston's Space Movie? 
44. Hydrogen or Helium 
45. Enemy 
46. Title 
47. Popular TV show 
48. Drunkard 
50. Court order 
52. A Python's favorite meat? 
55. Netherlands, on an envelope 
57. Coral reef fish 
61. Gary Sinise's Space Movie? 
65. Skull epidermis 
67. Winterized Michelins 
68. Hanky_ 
69. African Republic 
70. _, mene, tekel, upharsin 
71. Accumulate 
72. Love god 
73. Utopia 
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1. Pillar base 
2. Simpson patriarch 
3. Even, in Romania? 
4. Obtaining 
5. Laptop manufacturer 
6.Puny 
7. Order of the Arrow Troop Reps 
8. A pocket full of_ 
9. Spanish surrealist 
10. Families 
11. Char 
12. MD's heart test 
13. Born in France? 
18. Chicken of the sea 
21. Three pointer, ideally? 
25. Bear off 
26. Scandinavian 
28. Family of the future? 
29. Fuss 
31. Regret 
33. Church sections 
34. Straw noise 
35. Sunbathe 
39. Express theatrically 
40. Phenylpropanolamine, lazily 

42. Sloths 
43.Pull 
49. Gloomy 
51. Outfielder call, "_it" 
53. Fridge company 
54. Works an udder 
56. Contributor 
58. Revealed 
59. Me, Myself, and_ 
60. German industrial center 
62. LeCarre characters 
63. Aborted mission, to walkie talkies 
64. Deuces 
65. Resort 
66. Curved wedge for clamping 

Cmssword solutions wm be printed in the 

next issue of the Technolog. Here's the so

lution to last issue's crossword: 



ferring taxes with 

TIAA-CREF can be so 

rewarding, you'll wonder 

why you didn't do it sooner. 

One of the fastest ways to build a retirement nest egg 

is through tax-deferred Supplemental Retirement 

Annuities (SRAs) from TIAA·CREF. 

Your funds are automatically deducted from your pay

check, so It's easy to build income to supplement your 

pension and Social Security.• Especially since your SRA 

contributions grow undiminished by taxes until you 

withdraw the funds. 

And you may even be able to borrow funds against your 

SRA-a unique benefit of choosing T!AA-CREF. 

So why wait? Let TIAA·CREF's low expenses and invest· 

.....------, ment expertise help you build a 
INVEST AS UTTLE AS 

$2Sa month 
comfortable retirement. We 

through an automatir think you vnll find it rewarding 
payroll planl 

'-------' in years to come. 

'Note. Uodel federal tax law. vmhdrawals pnor to age 59/ may be 

WbJ!?Ct to restncuom, and to a 10% add1t1onaltax 

Ensuring the future 
for those who shape it."' 

IT'S EASY TO SAVE MORE THROUGH 

THE POWER OF TAX DEFERRAL 

$102.068 

$67,51-l 

$.fl,232 

$31.933 

$!3,052 

$11,6{)9 

IOYEARS lOYf.ARS :WYEARS 

In ltll~> hy~ltht:th.:al C'\ilmpl.:. s.:lting ;u1J.:- SIOI.l a n14.1nlh m a 

ta0\4t!fctMJ im:elitll\(nt witb an K'l wum in u 2sq W 

rdkd acmal ~rlurmam.:~. !if pr~t.lh:t rutuc(!' rc~ults. nf any 

1.800.842.2776 

w ww. ti aa-cref .org 

for more compl€te miormatror. on our s<>Cuntres product\. call1800 8~2 2733. ext S\09. for prospectuses. Read them carefully betore you 

rnvest 1. Che<k v;rth your rnstrtutlon lor av3ilabrhty 2. You may be able to rnvest up to the IRS ma>umum ol S IO,SOO per year. To rece;t? a 

pe11or.ahzed calculatron of your maxrmum contnbutron. call TIAA-CREF at 1.800.84U776 • liAA·CRtf lndrvodual and lmtrtutronal SerJr<es. 

Inc. and TeachN~ Personal !nve;.tors SefVlC:e~, Inc dtstobut~ secunhes products, • Teacher~ Insurance and Annuity AssoCiatiOn \T!AAI, New 

Vorl.. NY and TIAA·CREF Lrfe Insurance Co, New York, NY rssue insura!l{e and annurtres. • TIAA·CREf Trull Company, FSB provrde~ trust le!V· 

rm • Investment produtti are not FDIC insured, may lose value and are not bank guaranteed. e 1001 Teacher~ losurance and 

Annurty A11ocratron-College Retrrement Equrtrel fund. Ni'l'1 Yo1<. NY 01104 
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Siemens ~ner~y Mana~ement & Information Sf~ems 

The leader in 
Energy Management & Information Systems 

and management solutions for 
electric utilities worldwide 

Julie Kerr 
Siemens Power Transmission & Distribution, Inc. 

Power Systems Control Division 
7225 Northland Drive 

Brooklyn Park, MN 55428 
Telephone - 763 536 4026 
Facsimile - 763 536 4671 
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