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C 0 NT R I B U'T 0 R S 

Dolan 

Jacques Dolan is a sophomore in me

chanical engineering . He loves what he 

studies because he wants to work for 

NASA designing Martian rovers or high

tech mechanical systems. Jacques plays 

the violin and guitar and spends any of his 

extra time at the rock wall climbing and 

working out new and harder problems. Be

tween getting his laundry done, wast ing 

time doing nothing, or struggling to get all 

of his homework done, he always find time to play his guitar. 

Now a first year dental student, it seems 

Jen ldziorek will never leave ITSP. Cur

rently she is working on re-establish ing her 

caffeine dependency after almost nine 

months on the wagon. She enjoys not-so

small-anymore lions, driving the west 

coast, GTA, and tearing around Minneapo

lis. Much love to the body buddies- "work 

hard, play hard ." 

When electrical engineering student Nate 

Johnson isn't cruis ing around in his shiny 

blue (Jen: Green!) convertible, he is re

sponding to nasty emails and posting them 

on the wall . He enjoys jamming out to the 

tunes of Blues Traveler, playing guitar, and 

pag ing through old Technolog issues in 

search of the mysterious censored articles . 

Though Andrea Mosher is looking for

ward to graduating this year with a degree 

in landscape architecture, she is frantic 

about what she will do after graduation. 

She will not worry about that until she 

must, because in the meantime she will be 

studying in France and traveling around Eu

rope. This is her last semester with the 

Technolog and she looks back with fond 

memories (tear). Check back for her work as a fore ign correspon

dent in the spring or summer issue. 

Become a writer for 
THE MINNESOTA TECHNOLOG. 

e-mail for info: technolog@it.umn.edu 
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Jon Renshaw has just completed his 

Bachelors degree in Computer Science 

and sails the treacherous waters of the 

tech job market. When he isn't busy send

ing out flocks of job appl ications, Jon can 

be found indulg ing his newfound fascina

tion with the game mechanics of turn

based strategy games. He soon hopes to 

be he lping develop one in his free time. 

Ethan Rusin is wrapping up his 5th year 

in the ME program here at the U. When 

not delving into the scientifically bizarre, 

he can usually be found enjoying music, 

looking for a durable rocking chair, or tak

ing a nap when possible. 

Senior Bethany Steichen is currently 

doing her best to avoid figuring out what 

to do in her life as a soon-to-be-graduated 

chemical engineering student. Instead she 

occupies herself with frolics through apple 

orchards, late-night movies, learning to 

swing dance, hanging out w ith the fabu

lous SWE folk, cooking with pumpkins, 

and spending countless precious hours on 

unit ops. Here's to a new and fantrousertas

tic year at the Technolog! 

Nangah Tabah is a sen ior in chemical en

gineering . She tries to balance enormous 

amounts of homework with writing 

poems, reading, or watching CNN or the 

food network. Her favorite season is au

tumn. When she's not outdoors absorbi ng 

nature's colors, chances are she's talking 

on the phone with her sisters. 

Michelle Walter is a senior in scientific 

and technical commun ication. (That's in 

COAFES, by the way.) If Michelle had a 

million dollars, she'd sit around and do 

nothing. But she has a job/internship now, 

she gives campus tours, plays volleyball 

with her Ambassador friends, hangs out in 

the Technolog office, and frets about what 

she will do for money after May 2005. 



EDITORIAL 

E
ach spring the Tech
nolog staff attends the 
annual conference of the 

Engineering College Magazines 
Associated. ECMA is the national 
organization that the Technolog and 
about 15 other college magazines belong to 
(and helped found in 1920). After hosting the conference at the U of Min 2003, 
it was a relief to leave the planning up to others and just fly out to the Universi
ty of Pennsylvania in Philadelphia. At the conference, we met editors and writ
ers from magazines in Colorado, Nebraska, Wisconsin, Cornell, Virginia, Ohio, 
and of course Pennsylvania. We attended workshops on how to write better sto
ries, take better pictures, get more advertising, and promote teamwork. We ate 
traditional Philly cheese steak sandwiches, water ice, and Tasty Kakes. We ex
plored the city on foot and on the Septa and took pictures with the founder of 
Penn, Benjamin Franklin. 

At the awards banquet, the Technolog picked up three awards . 
First Place, Best Feature Article for "Behind the Bricks: Neil Amundson" by Eric 
Tsai. 
Third Place, Writing: Science and Technology article for "Quaking Campus" by 
Michelle Walter 
Third Place, Magazine of the Year 

The Technolog staff has some new editions! As two of our editors are gradu
ating in May and we were without a webmaster, we needed some replacements. 
Introducing the future of the Technolog! 

Kelly Striegel is a long time reader, first time editor of Technolog. She is a 
young third year student pursuing a degree in compujounrahistoarchaeology. 
She fancies being caffeinated at all times and her hobbies include long walks on 
the beach, reading, conversating, space travel, spending time with her comrades, 
and of course correbcting errors in the Technolog. She likes her coffee black, her 
food breakfasty, and her music electronic. Kelly will be taking over Michelle's 
story editor position after this year. Nate will be sticking around another year. 

Matthew Krieger and Murtaza Adam will be splitting the layout editor duties . 
(Andrea is so special, we need two people to replace her!) 

Matt is a first year student at the U and is thrilled to be able to continue artis
tic endeavors while pursuing a degree in electrical engineering . Matt's hobbies 
include sleeping .. . when he wakes he likes to listen to music. .. which usually puts 
him back to sleep. While not sleeping, Matt enjoys wandering the earth and get
ting in fun and exciting adventures . 

Murtaza is a 3rd year Biomedical Engineering student here at the U. He rel
ishes the feel of satin sheets and the thrill of compulsively washing his hands. If 
he could only pass one thing on to his children from his experiences in college, 
it would have to be the weird disease he picked up in Tijuana. Well, according to 
the doctors he doesn't really have a choice. 

A.j. Larson, our new webmaster, is a junior in computer engineering, which 
he finds to be a bit more difficult than growing up on the streets of Eden Prairie. 
He loves sports and has many hobbies, including mild obsessions with the Min
nesota Twins, ping-pong, and the news. When not designing the Technolog web
site, you could probably find him in the gym-"No matter what career you 
choose to pursue in life, it always helps to have muscles ripping out of your skin." 

--Nate johnson and Michelle Walter (with staff contributions) 
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Behind the Bricks: late laboratory of Physics 
Smith. Kalthoff. Tate. Amundson. Shepherd. Lind. Although hundreds of IT stu

dents pour through buildings bearing these names on a daily basis, few of us 

know anything about the people for whom they are named. This series, "Behind 

the Bricks," provides biographical insight into the influential scientists and engi

neers who helped shape the Institute of Technology and whose legacies live on 

within the walls of our buildings. 

John Torrence Tate 
BY BETHANY STE ICH EN 

0 ften we think buildings and 
awards are named for scientists 
who have contributed to scientif

ic knowledge through prolific publica
tions. John Torrence Tate, for whom Tate 
Laboratories of Physics is named, was 
not such a man. Although a formidable 
researcher who contributed to early in
vestigations into quantum physics, Tate 
was remembered as much for facilitating 
others' research and promoting excel
lence in young scientists as conducting 
his own experiments. 

Young Life 
Tate was born in 1889 in rural Adams 
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the nearest population center was across 
the county line and had roughly a thou
sand people in it. His father was the local 
country doctor and was often away on 
calls. After Tate's mother died in 1899, 
John was sent to live in New York with 
his uncle's family. 

During high school Tate became fas
cinated with science and was known to 
explode things on occasion with his 
home chemistry set. His fondness for 
chemistry was so well known to his class
mates that the rhyme written for his 
graduating class's yearbook was "Terri
bly taciturn Tate, with HCI on his pate." 

Tate returned to the Midwest for col
lege, majoring in electrical engineering 
at the University of Nebraska. During the 
summer, he worked at a power plant on 
the Rosebud Indian Reservation in South 
Dakota, where his father had taken a 
physician's assignment. 

In 1910, Tate graduated and elected 
to remain at University of Nebraska as a 
physics graduate student. From there he 
moved to Germany and received a Ph.D. 
after only two years at the University of 
Berlin. World War I forced Tate to return 
to America and also prevented the publi
cation of his dissertation. 

When the University of Nebraska of
fered an instructorship to Tate in 1914, 
he accepted, but by 1916 he had been re
cruited to the University of Minnesota. 
He started out as a physics instructor 
paid $1500 per year with the promise of 

promotion for good work. In the next 
four years he was promoted three times 
and by the age of thirty-one, he was a 
full professor. 

Tate briefly left University of Minneso
ta from 1917 to 1918 to serve as a lieu
tenant in the Signal Corps during World 
War I. Another U of M professor had 
taken a position with the Bureau of Stan
dards in Washington D.C. and was able 
to collaborate with Tate on weekends 
and evenings. 

At this time, Tate and his colleagues 
verified the existence of discrete energy 
levels and showed that there was a dif
ference in the amount of energy required 
to spur radiation and the amount of en
ergy that needed for ionization. This 
helped connect Bohr's theories and those 
of Heisenberg and Schrodinger in quan
tum mechanics. 

Despite his shifting job location and 
work with the war, Tate evidently found 
personal time as he married Lois Fassler 
in 1917. They had meet while he was at 
Nebraska and they had one son together, 
John Torrence Tate, Jr. (who incidentally 
also became an acclaimed scientist and 
mathematician - he is currently at the 
University of Austin) . 

In 1919 Tate returned to teaching at 
the University of Minnesota. He was so 
well liked that his graduate course, 
"Seminar in Contemporary Experimen
tal Physics, " was often taken every se
mester of a student's career at U of M a!-



though it would only count for a grade 
once. 

Around this time Tate was made Edi
tor-in-Chief of the Physical Review pub
lication and became active in the Amer
ican Physical Society. These connections 
provided cutting edge material for his 
graduate students to work on and also 
the latest in physics theory to be pre
sented at the University. By 1923 he was 
the primary advisor for students in ex
perimental physics. 

In 1931 Tate helped found the Amer
ican Institute of Physics and travel be
came a regular feature of his life. Be
tween editing, meetings, teaching 
courses, grading exams (he insisted on 
marking his own tests), and his duties to 
guide his students' research, Tate had 
very little time left for his own studies. 
His council, however, was valued highly 
by faculty as well as students and he 
was well respected for the caliber of stu
dents he produced. 

james Gray, in writing a history of 
University of Minnesota, remarked that 
Tate was "a teacher with the hardihood 
to insist that all his students must make 
a decent attempt at being geniuses." In 
fact, the annual volume Men of Science, 
which served as a "who's who" in phys
ical science at that time, named as 
many Minnesota graduates as "particu
larly bright" in physics as they did MIT 
grads. 

Under his editorship, the length of 
the publication quadrupled and its read
ership tripled. The success of the journal 
was so great that Tate started a quarter
ly journal Reviews of Modern Physics in 
1929 and another, Physics, in 1931. 

In addition to his seemingly uncanny 
ability to understand new developments 

in physics, Tate was known across the 
campus for being a man of many tal
ents. He was an early proponent of lib
eral education and believed that science 
and human values needed to go togeth
er. He was an avid golfer, a champion 
billiard player, a tennis player, an ama
teur photographer, and an artist. Be
cause of his varied interests and talents, 
he was selected to be the dean of an ex
perimental "Select College" in 1930. By 
1937 he had been promoted to Dean of 
the College of Science, Literature, and 
the Arts-by far the largest college at the 
school. As a result of his new responsi
bilities and continued editorship and 
advising duties, Tate was forced to give 
up teaching. 

World War II 
When World War II broke out, Tate re
turned to service and gave up his dean
ship. Unfortunately, the war years were 
made more difficult for Tate by the 

death of his wife Lois in 1939. He dedi
cated himself even more fully to his job, 
if that was possible. 
Submarine technology had improved 
greatly since the First World War and the 
Navy asked the National Defense Re
search Committee to create a special 
unit to work on the issue. Division 6 was 
created for this task and john Tate was 
asked to head the program. He a lso 
served as the scientific advisor to the 
Commander-in-Chief, United States 
Fleet, Assistant Chief of the Office of 
Field Services of the Office of Scientific 
Research and Development in charge of 
Operations Research, and Chief Member 
of the Rocket Ordnance Division of the 
National Defense Research Committee. 
For his work in the war, Tate was award
ed the Presidential Medal for Merit by 
the US government and the King 
George's Medal for Service in the Cause 
of Freedom by the British government. 

TATE continues on page 13 
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an 
Steganography and watermarking: Publishing information 
that isn't meant to be seen (mostly) 

B Y JON RE NSHAW 

A
t a young age, many of us have 
a brief fascination with secret 
codes. We get excited about 

scrambling letters so that only our 
friends can read a message or writing in 
invisible ink. Little did we know that we 
were delving into the field of cryptogra
phy, the art of protecting information 
from interpretation by unfriendly eyes . 
We were also practicing techniques from 
a related, but lesser known, field: 
steganography. Steganography takes 
the idea of cryptographic communica
tion one step further: not only must the 
message be unreadable by all but the in-

A photo like this could be converted into a 
Steg-object and hold an encrypted message. 

6 fAll 1001 MINNESOTA IECHNOL06 

tended receiver, but no one else should 
even know that there is a message. 

History is rife with examples of clever 
steganography. Herodotus tells of a 
slave whose head was tattooed with the 
details of Persian military plans and 
then sent to warn the Greeks ... once his 
hair grew back. During World War II, 
"microdots" were developed in Germany 
to hide text. What appeared to be an or
dinary period in an uninteresting letter 
could actually be an entire message in 
incredibly tiny print. Only extreme 
magnification could show the differ
ence. These days, steganography has 
moved into the realm of computers and 
become its own field of study. 

The professional study of digital 
steganography has advanced the field 
in surpnsmg directions. Modern 
steganography focuses largely on the 
creation of so-called "digital water
marks." Such watermarks are modifica
tions to images, songs, or other copy
righted media that amount to a 
high-tech cattle brand. Copyright hold
ers can indelibly mark their work so that 
no matter how many times the media is 
copied or distorted, their copyright infor
mation will still be stamped upon it. 
Watermarking techniques are some
what different from traditional 
steganography. Watermark designers 
are unconcerned if their work is de
tectable as long as it remains unremov
able. While most steganographers are 
occupied by watermarking techniques, 
there are still those interested in good 
old-fashioned covert communication. 

Steganography in computer data 
and communication takes many forms, 
but the basic pattern never changes. A 
secret message is composed and is em-

bedded into some innocent data, re
ferred to as cover-data . The resulting 
data with hidden meaning is called a 
stego-object. Three main criteria sepa
rate good steganography methods from 
poor. First, the stego-object must be able 
to reach its destination without its secret 
message being filtered or garbled. Sec
ond, if the stego-object is intercepted by 
an "attacker", the attacker must be un
able to determine whether it contains a 
secret message - even if they know how 
the secret message was embedded. Final
ly, of course, the intended receiver must 
be capable of reading the message. A lot 
of good sending an undetected message 
would do if NO ONE could read it. 

While images are popular sources of 
cover-data for steganography, there are 
numerous other strategies for hiding 
digital information. The whitespace in 
text files can be replaced with other in
visible characters that spell out a mes
sage, sound files can have stego mes
sages hiding in the audio noise, 
executable programs can have dead 
spots that hold hidden meaning, and 
even network traffic can have secret 
messages piggybacking on it. 

Why are so many different strategies 
needed? Were rogue cryptographers just 
so bored that they invented new ways of 
hiding information? Not precisely. The 
field of steganography is home to ste
ganalysts as well as steganographers. 
Steganalysts make it their task to find 
the weaknesses and mistakes in 
steganography schemes. Published ste
ganalysis papers force steganography to 
grow in new directions. More sophisti
cated methods of hiding information 
are developed as the simpler schemes 
are picked apart by steganalysts. 

Image steganography is easily the 



most popular form of digita l stego. An 
astonishing list of programs is available, 
but only the barest handful lack pub
lished attacks against them. Among the 
hordes of broken and obsolete methods 
stands steghide. Freely available for 
Windows or UNIX systems, steghide can 
embed any digital file into your choice 
of [PEG, BMP, WAY, or AU files. Steghide 
is not vulnerable to any published at
tack as of this writing. With support for 
multiple advanced encryption algo
rithms, the only thing steghide lacks is a 
graphical front end. 

Steghide cannot hide nearly as much 
data as numerous other methods. Differ
ences in their design philosophies help 
explain this. Steghide is designed to 
embed messages that will not be de
tectable by determined attackers. Meth
ods that can hide dramatically more 
data are designed to be undetectable at 
a glance. The difference is that the more 
common methods can easily be seen 
through if an attacker guesses how the 
secret data was embedded. The method 
used by steghide is undetectable even if 
an attacker knows how steghide works . 

Even apparently bulletproof 
steganography methods are not perfect. 
For instance, if the cover-file used is an 
image whose original is easily un
earthed (say, a popular wallpaper 
image), then a secret message can be de
tected (but not necessarily read) by a 
simple comparison to the original. Digi
tal camera photos or scanned images 
are harder to analyze this way. As if that 
weren't enough, advances in steganaly
sis render steg programs obsolete all the 
time. Good digital steganography is al
ready difficult to pull off. As steganalysis 
advances, new steg methods will contin
ue to be more complicated and hide less 
data. Until universal "big brother" sur
veillance becomes a reality, though, 
steganography will stick around. 

More Info: http://stegh ide.sourceforg e. net/ 
http://www.jjtc.com/Stega nography/ 

So how does it work? 
With a passphrase, an advanced encryption algorithm, a cryptographic hashing al

gorithm, and some graph theory. The following paragraph is taken directly from the 
steghide manual: 

"Steghide uses a graph-theoretic approach to steganography. You do not need to 
know anything about graph theory to use steghide and you can safely skip the rest of 
this paragraph if you are not interested in the technical details. The embedding algo
rithm roughly works as follows: At first, the secret data is compressed and encrypted. 
Then a sequence of positions of pixels in the cover file is created based on a pseudo-ran
dom number generator initialized with the passphrase (the secret data will be embed
ded in the pixels at these positions) . Of these positions those that do not need to be 
changed (because they already contain the correct value by chance) are sorted out. 
Then a graph-theoretic matching algorithm finds pairs of positions such that ex
changing their values has the effect of embedding the corresponding part of the secret 
data. If the algorithm cannot find any more such pairs all exchanges are actually per
formed. The pixels at the remaining positions (the positions that are not part of such a 
pair) are also modified to contain the embedded data (but this is done by overwriting 
them, not by exchanging them with other pixels). The fact that (most of) the embed
ding is done by exchanging pixel values implies that the first-order statistics (i.e. the 
number of times a color occurs in the picture) is not changed. For audio files the algo
rithm is the same, except that audio samples are used instead of pixels." 

To download and use steghide, point your browser to 
http:/ /steghide.sourceforge.net/. The latest windows version is steghide-0.5.1-win32.zip. 
After extracting the contents of the zip file, open an MS-DOS command window in that 
folder by selecting "Run" from the windows start menu and entering "cmd" . If you are 
unfamiliar with the MS-DOS command line, you can get up to speed by checking out 
the tutorial at 
http:/ /www.tnd.com/camosun/elex130/dostutorl.html. Now you should be ready for 
action. 

The first step to hiding information is to find a 
file with enough complexity for steghide to be able STEG continued on page 16 

The original JPEG has been compressed from the BMP one time. JPEG compression 
doesn't work well on images like the one shown and the result is evident. The steghide 
program was used to develop the second JPEG image from the first. The flaws from the 
first compression are recreated very closely by the second compression. 
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ON BOP~RO TO THE FUTURE OF 
B Y JAQU ES DO L AN 

L
ittle ripples of refracted light surge 
upward off runway blacktop in 
the Texas summer heat. Among 

the bustling commotion of people or
ganizing engineering teams and piec
ing together broken balsa wood, the 
high-pitched whine of a model airplane 
engine diverts all attention to it. There 
couldn't be more riding on the coming 
flights. Young engineers wait with an
ticipation as their very future in the 
field floats away on a wing and a 
prayer. This was the aero-design chal
lenge. 

For the last two summers I've been 
an honorary member of the South 
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Dakota School of Mines and Technolo
gy aero-design team, and I had the 
privilege of joining them at competi
tion. I am a student at the University of 
Minnesota, but my dad is the advisor 
for the School of Mines, so I got the 
lucky spot. I was more than excited to 
have a chance to see what a large num
ber of people in my proposed profession 
actually do when they get out into busi
ness. 

Over thirty teams from all over the 
western United States, Canada, and 

competition. The competition is usually 
held in june and this year took place in 
Fort Worth, Texas. In previous years, the 
competition has been held in Salt Lake 
City, Utah and other cities in the South
west. The competition is a team-build
ing, industry-driven test of skill and ex
pertise in the development of a 
small-scale, radio-controlled aircraft. 
Teams competing here will move on to 
become the next generation of airplane 
designers. According to the companies 
who hire these up-and-coming design-

Although the specifics change every year, the main 
objective is to take off, fly once around a circular path 
and land with the greatest possible payload. 

Mexico come to compete in the 
Society of Automotive 

Engineers (SAE) 
AERO De

s i g n 
West 

ers and Bob Sechler in particular, an 
SAE engineer and the man who started 
the AERO Design challenge, "Engineer
ing students who enter this competition 
are two years ahead [of their peers] 
when they enter industry." Some auto
motive companies have even initiated 
training programs for those new em
ployees who have not had the competi
tive advantage that SAE cha llenges 
offer them. 

SAE is an engineering society that 
sets standards in the automotive indus
try that we see every day. Many intern
ships or co-op jobs, especially in me
chanical engineering, are offered 
through SAE. The organization also of-
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RONAUTICAL DESIGN 
fers students scholarship and job-skill 
opportunities in some major engineer
ing frontiers . Mainly through design 
challenges and competitions like the 
Mini-Baja, Formula car, and high
mileage vehicle, SAE provides several 
interesting challenges and opportuni
ties for students in engineering. Engi
neering competitions are intended to 
teach students organizational skills, 
team-building, logistics training, and 
problem-solving. 

An inherent main reason for any en
gineering project is design. For the most 
part, the design of these planes is evolu
tionary. Most teams have some affilia
tions with model-builders or model air
plane pilots, so students get 
information that has been tried and 
tested. The University of Akron, a team 
that has won several previous competi
tions, consistently builds a plane with 
balsa wood triangular framing . Most 
commercial airplanes, or models, are 
made in the same way. Many teams use 
carbon fiber or fiberglass, and some 
even Styrofoam. Many teams experi
ment with different types of materials 
including innovative high-strength, 
lightweight composites and plastics. 

The goal of the AERO Design compe
tition is to build an airplane about the 
size of a large remote controlled model 
that anybody could buy at their local 
hobby shop . Although the specifics 

change every year, the main objective is ... ·' to take off, fly once around a circul11t 
path and land with the greatest possible 
payload. This year the minimum 
wingspan was ten feet, and the most 
competitive planes lifted around twenty 
pounds or more. Other specifications in
clude which of two motors teams can 
choose from, fuels, mufflers, radio re
ceivers, and transmitters, etc. There is 
also an open class section of the compe
tition. Planes in the open class are en
couraged to lift as much as possible 
using basically whatever they want. 
One graduate student team from UCLA 
with an open class plane used some 
unique composite manufacturing tech
niques to fabricate the wings, including 
carbon fiber and extruded plas-
tic. UCLA implemented 
a motorcycle en-
gine and off
the-shelf 
a I u-

minum landing gear to lift over one 
hundred and twenty pounds. 

The airplane competition was the 
best experience I have had in college so 
far for practical knowledge in engineer
ing. Among the engineers, students, 
and major industry leaders, I made 
some incredible connections. There 
were designers there from Lockheed 
Martin, including many from projects 
like the F-117 Stealth Fighter and the F-
22 Raptor. I met some of the leaders of 
SAE including those aerospace engi
neers at the head of that part of the or
ganization. All around it was an incred
ible event. e 



WHAT HAPPEN EO TO THE 
HUMt\N GENOME PROJECT? 

B Y J E N ID Z IO RE K 

D
o you remember back when the 
whole world was anxiously 
waiting for scientists to deter

mine the human genome? What ever 
became of that enormous effort? Did we 
learn anything valuable, or was it over
rated? Do you know what the Human 
Genome Project was? For those who are 
behind on the molecular biology times, 
here is a brief update of how genetic sci
ence is racing along in the background 
to change your life and mine. 

The Human Genome Project 
First formally proposed in 1985 and offi
cially started in 1990, the Human 
Genome Project (HPG) was an interna
tional effort to sequence the entire 
human genome that was completed in 
April 2003, over two years ahead of 
schedule. Both private and public labo
ratories around the world participated 
in the elucidation of the sequence of 
2.91 billion base pairs within the 
human chromosomes . The Project 
brought about major technological ad
vances, including improvements on the 
Sanger dideoxy DNA sequencing 
method, the expressed sequence tag 
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(EST) method (another DNA sequencing 
method), the use of bacterial artificial 
chromosomes (BACs) to clone DNA se
quences, and the whole-genome shot
gun method, the most effective sequenc
ing technique to date. These and other 
advances increased the speed of the se
quencing enormously: by January 2000, 
it was possible to sequence 1000 base 
pairs per second, whereas only fifteen 
years before that could only be accom-

Among subsequent projects are detailed 
maps of single nucleotide polymor
phisms (SNPs), haplotypes, and the 
human proteome. The multitude of uses 
for the genome will be apparent over 
time; in this, the beginning of the 
"genome era," the complete human 
DNA sequence paves the way to solving 
the puzzles given to us by cancer, heart 
disease, diabetes, and many other afflic
tions to mankind. 

The multitude of uses for the genome will be apparent 
over time; in this, the beginning of the "genome era," 
the complete human DNA sequence paves the way to 
solving the puzzles given to us by cancer, heart dis
ease, diabetes, and many other afflictions to mankind. 

plished in the length of a day. The HGP 
more than exceeded its goals: mapping 
to higher resolution, more sequence
tagged sites (STSs), a higher percentage 
of the sequence, and the genomes of sev
eral model organisms, such as the sim
ple worm C. elegans, as well. The data 
generated was quickly made available 
to both the public and scientific commu
nity even before publication in order to 
increase public benefit from the re
search. Though the sequence is now fin
ished, there is still much to be done. 

SNPs 
Single nucleotide polymorphisms or 
SNPs (pronounced "snips") are simple 
phenomena with enormous implica
tions. SNPs are the results of single mu
tations in DNA, mismatches between a 
single nucleotide pair at a position in 
one individual's DNA with another at 
the same position in another individ
ual's DNA. The mutations come from 
unique events throughout the history of 
our species, and can be used not only to 
trace ancestry, but to change the future 
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of medicine. 
So far, over 1.8 millions SNPs have 

been mapped through the collaborative 
efforts of The SNP Consortium, a collec
tion of pharmaceutical companies, aca
demic institutions and a private founda
tion, as well as the Human Genome 
Project and various private businesses. 

do not come from identify ing ha rmfu l 
traits caused by SNPs themselves, but by 
identifying SNPs that are near on the 
chromosome to genes that encode harm
ful mutations. Due to this proximity, 
SNPs may be used to identify an individ
ual or population's risk for various dis
eases and determine their reaction to a 

By tracking parallels and divergences in SNPs through
out different ethnic groups and races, population ge
neticists will be able to determine common ancestors 
and evolutionary history. 

They are estimated to occur every 1,000-
2,000 bases on average, which would 
translate to somewhere between 1.6 mil
lion and 3.2 million total in the human 
genome, but there are likely many more 
than predicted. Along with base inser
tions or deletions, they make up the bulk 
of genetic variation. 

The SNP Consortium used reduced 
representation shotgun (RRS) sequenc
ing, a modified take on the whole
genome shotgun method, as its main de
tection method. The DNA of an 
ethnically diverse panel of twenty-four 
individuals was cut into fragments with 
restriction enzymes and mixed. From 
this, a library of fragments with specific 
lengths was made, and through a com
plicated set of rules those sequences rep
resenting the same genetic loci were 
aligned. By comparing the matched loci, 
those nucleotide bases that varied be
tween fragments were named SNPs with 
95% accuracy. A detailed map was 
made by associating the aligned frag
ments containing SNPs to the human 
genome. Chromosomal coordinates were 
mapped and are currently available to 
the public at http:/ /snp.cshl.org. 

Ancestry can be traced through ge
netic similarity, much like family mem
bers having like features. By tracking 
parallels and divergences in SNPs 
throughout different ethnic groups and 
races, population geneticists will be able 
to determine common ancestors and 
evolutionary history. The polymor
phisms found in mitochondria and the Y 
chromosome may prove most useful for 
this purpose, as they do not undergo re
combination like the rest of the genome. 

The medical benefits of SNP mapping 

treatment or to a certain environment, 
and therefore to develop new drugs and 
therapies. 

Whereas the mapping of SNPs is not 
yet 100% accurate, new algorithms and 
validation studies are being developed 
and tested. As more SNPs are discovered, 
we are able to look farther into both the 
future and the past. 

Human Proteome Organization 
February 8, 2001 marked the launch of 
HUPO, the Human Proteome Organiza
tion, a governing body to aid the se
quencing and classification of the 
human proteome. Like its predecessor for 
the genome, the Human Genome Orga
nization (HUGO), HUPO will attempt to 
coordinate the efforts of national and 
private labs worldwide and standardize 
the knowledge gained in a database 
available to the public. Its mission state
ment is to consolidate national and re
gional proteome organizations into an 
international body, to engage in scientif
ic and educational activities to encour
age the spread of proteomics technolo
gies pertaining to the human and model 
organisms, and to assist in disseminat
ing knowledge about the proteome and 
model organisms through shared, public 
systems. 

The major initiatives organized by 
HUGO are the Plasma Proteome Project 
(PPP), the Liver Proteome Project (LPP), 
the Brain Proteome Project (BPP) and the 
effort to create antibodies for every pro
tein encoded by the human genome. 
Several of the projects have pilot phases 
already in operation, with expectations 
for full-scale productions within years . 
Some research groups are also undertak-

ing rela tively sma ller labors, such as 
characterizing all of the proteins in sub
cellular structures such as those in the 
mitochondria and golgi bodies. 

To map the proteins of the human 
body is a daunting task . The proteome is 
defined as all the proteins expressed by 
the genome, in all cells under all condi
tions. It is a dynamic, myriad number of 
proteins that differ from individual to in
dividual and from cell to cell, and also 
depend on the health of the cell or tissue 
they populate. Not only that, but count
less numbers of chemical modifications 
are made to proteins throughout their 
"lifetime," changing their enzymatic ac
tivities, binding capabilities, and length 
of activation. This set of alterations can 
up the ante to more than 10 million 
chemically distinct polypeptides in a tis
sue. HUPO has a great and complex 
charge before it. 

Unlike the Human Genome project, 
the technology to speed and simplify the 
task a hand has not yet been developed. 
The majority of proteins are available 
only in small amounts, surrounded by 
other proteins that are difficult to sepa
rate out. There is no way to amplify 
polypeptides ala the polymerase chain 
reaction amplification of DNA that is 
employed in gene mapping. The most 
useful of technologies are 2D-PAGE, in 
which proteins can be separated by 
charge and weight, and mass spec
troscopy, which fragments the molecule 
and separates the pieces by weight; chro
matography, bioinformatics, and protein 
"chips" are also being used . Although 
there are methods available, they are ex
pensive and tedious, and the need for 
new processes abounds. 

HUPO aspires to many ends for its un
dertaking. Given that most drugs target 
proteins, a map of the proteome will be 
invaluable to human health. The Plas
ma Proteome Project is HUPO's main pri
ority because it focuses on finding blood
borne proteins that are signs of disease. 
An understanding of protein-protein in
teractions will serve to give a better pic
ture of the modifications that occur in 
disease such as cancer, heart disease, 
and neuroses. Eventually, the proteome 
can be backtracked to its "transcrip
tome," providing another link on the 
HUGO continues on page 13 
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THE LEFT BRAIN 

CRYSTAL LATTICE 
BY NANGAH TABAH 

I have come to think of life as a crystal lattice 
A beautiful framework for fitting people and places 
A superb scaffold for hers and his 
A magnificent structure, a solid basis 

I have often pondered on who works out the geometric 
combinations 

Who designs the array of events, an often stagger'ng 
construction 

Who solves the sequence of bewildering emotions 
Who writes the codes to break the confusion 

I myself stand clear of all blame 
As clear as this £!-Y frame 
With its angles and contours 
And its beautiful body hard and 

I glisten with a morning glow 
A simple reflection of this diamond 
A mere atom in a firm bond 
A shin ing piece right where it belongs 

Author Explanation: 

I was inspired to write this after a Materials Science 3011 lecture on crystals=lattice + basis. As Professor Bates enthusiastically 
laid the groundwork for the course, I considered idly that the lecture might be a good idea for a poem. His words still resound 
with me - "A lattice is a framework for placing atoms and a basis is an atom or group of atoms or molecules associated with each 
lattice point". It was an interesting process matching people to atoms and a lattice to the framework of life itself. You now have 
what I hope is the exciting task of interpreting further any deeper meaning you might see in this piece and to decide how you 
might relate to it. I will say, though, that I think at the time I wrote this poem I was feeling very much a strong part of life's beau
tiful order/chaos, whatever. I guess I realize I am embracing life's wonderful although sometimes painful process and thanking 
those who help keep me grounded. 

Do you write poetry, engage in creative writing, do illustrations, or anything else creative pertaining to science or technology? Please 
send us your creative works so we can show off the artistic side of IT: technolog@it.umn.edu 
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HUGO onlinued from page 11 

long chain between a protein and its 
gene. Last, and certainly not least, 
HUPO is organizing a widespread educa
tional effort in the form of workshops, 
courses, and seminars in proteomics, in 
order to increase its breadth and train 
the researchers of the next generation. 

High-throughput 
High-throughput screening is the catch
all term for the collection of relatively 
new technologies that allows for the 
rapid assaying of compounds with po
tential to become pharmaceuticals. 
These technologies have been developed 
in light of the fact that it is extremely 
difficult if not impossible to analyze the 
amount of potential drug candidates 
produced by the advent of research 
methods such as combinatorial chem
istry. To identify potential drugs, a new 
and automated technique was required 
to screen thousands upon thousand of 
compounds within a reasonable time 
and price range. 

Genomics has led to the discovery of 
an increasing number of drug targets 
that haven no known chemical in
hibitors or modulators and has inspired 
a massive search for new potential 
drugs, or leads. Many screening systems 
involve a five-axis industrial articulated 
robotic arm that is able to move back 
and forth down a track. It facilitates the 
transfer of micro-wellplates to various 
instruments for analysis and runs on 
user-programmable protocol. As high
throughput screening becomes more 
and more necessary, the degree to which 
such robotics can be customized for dif
ferent uses increases. 

A major key to developing the ma
chinery necessary for high-throughput 
screening has been the use of smaller 
and smaller amounts of compounds, or 
miniaturization. Not only is it more 
cost-effective to use minute amounts of 
compounds for screening but it also pre
serves more of the already limited quan
tity of compounds that are being tested 
as leads. In response to this need, well 
plates the same size as 96-well plates are 
being developed with as many as 9,600 
wells that accommodate assays of re
duced size. Additional benefits include 
shorter time to run screens, decreased 

disposal costs, and reduced amounts of 
reagents or drugs used for assays. 

As laboratories become more auto
mated and miniaturization becomes 
more feasible, libraries of 500,000 plas
mids are typical and yield approximate
ly 5 million data points depending on 
the kind of assays run. To manage this 
data, a system must be in place that can 
associate a number of types of informa
tion: molecule structures, assay parame
ters, chemical registrations, molecular 
spectra, various forms of biological data, 
and the high-throughput results them
selves. A diverse range of knowledge 
through both biology and chemistry is 
required in order to effectively integrate 
and analyze the data now available 
from high-throughput screening. 

High-throughput technologies are be
coming more essential to competing in 
modern research. As they continue to 
improve and their cost-effectiveness in
creases, they will be used for a wider 
range of applications. New ways to 
screen intermolecular interactions using 
a specialized method of mass spectrome
try and novel fluorescent labeling pro
teins will further ease data analysis. 

The echoes of the Human Genome 
Project are many and diverse. Not only 
did its course give life to new technolo
gies and methods, it set an international 
standard of partnership for the scientific 
community. As time hurtles ever for
ward and the Human Genome Project 
pales in comparison to new discoveries 
and incredible advances, may we all be 
able to look back and appreciate it for 
the foundation that it is and was to sci
ence and the world. e 

John Tate in 1940. 

TATE continued from page 5 

In 1945, Tate re-married, this time to 
Madeline Mitchell who had been the 
Publication Manager for the American 
Institute of Physics since 1931. Tate re
turned to the University of Minnesota 
in 1946 as a Research Professor of 
Physics and was able to resume teach
ing and advising duties. Physical Re
view enjoyed a post-war boom in inter
est and Tate continued to be heavily 
involved with it. The Argonne National 
Laboratory made him a Chairman of 
the Board of Governors from 1946 to 
1949 and he also served as the Chair
man of the Committee on Undersea 
Warfare for the National Research 
Council. 

In 1949 Tate suffered a stroke, but 
was still able to take on a lessened work 
load and attend professional meetings. 
In May of 1950, at the age of sixty, he 
died of a cerebral hemorrhage. He is 
still remembered not just as a leader 
and driving force in the field of quan
tum mechanics, but as a leader and 
driving force in the lives of all the peo
ple - physicists and otherwise - that he 
touched.e 
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Nerd News ... 
Your Dose of Needless and 

Extraordinary Information 

This marks the beginning of the second year of weird 
news installments. Within it's confines you will find odd 
but true new pieces on what is going on in the bizarre 
side of science. The hope is that you enjoy the weird 
news, and that you send any weird news you find to me 
(rusi0010@umn.edu) 'cause I can always use the extra 
help. All the same, enjoy the article and love the science. 

BY ETHAN RUSIN 

Recipe for using chopsticks 
I have never been a confident lad with 
chopsticks, borderline scared of them to 
be honest. Thankfully, doctors Qiang 
Zhao and Jim Al-Khalili of the Universi
ty of Surrey have conjured a mathemat
ical formula to explain how to use 
chopsticks. The formula is as follows: 

C = (Co*Sqrt(N*n*a*d*(2-d)) I )M*t(1+a)) 

C = Amount of ease that the chopsticks 
user has using chopsticks (100 is the 
highest level of comfort and 1 is symbol
ic of greatest discomfort) 
N =Number of Chinese meals eaten with 
chopsticks (I'm not sure why it has to be 
Chinese meals) 
T = Time needed to get food from your 
plate to your mouth 
N = Shape of the food 
A = Slipperiness of the food 
D = Diameter of the food 
M = Mass of the food. 
Co = A constant that incorporates mis
cellaneous details, such as how long the 
chopsticks are and the angle that the 
chopsticks are held. 

According to the research, a beginner 
with chopsticks who eats a 1 em piece of 
shredded duck (results may vary for 
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other edible 
items) in sauce would need to eat 1,000 
Chinese meals before they became as 
comfortable using chopsticks as they 
would be eating the food with their fin
gers. 

lrrelativity? 
Oh, those goofy Canadians. It was a nor
mal Wednesday for Professor Anthony 
Key of the University of Toronto. His day 
began with his lecture for beginning 
Physics class. On this day, he chose to 
teach about Einstein, and like all lectures 
on Einstein, Professor Key came to the 
theory of relativity. What made this lec
ture on relativity different from past lec
tures was that Professor Key was blessed 
with some sort of divine insight, and 
managed to disprove Einstein's theory. 

Winter brings some comfort 
With the coming of winter, we lament 
the undeniable facts that: 
- Shorts must be replaced by pants ... and 
snow pants, boots, two pairs of mittens, 
hat, scarf, and facemask . 
- Wearing swimsuits outdoors will be 
viewed as a cry for help. 
- People will be trapped inside, away 
from the winter weather with less expo
sure to sun for the next 5 months. 
But, we can actually be thankful for the 
last fact: scientists have research proving 

that increased exposure to 
sunlight may increase a 

woman's chances of becoming af-
flicted with the papilloma virus, a 

common sexually transmitted infection. 
The reason for this unwanted acquisi
tion, scientists believe, is that sunlight 
suppresses women's immune system de
fenses. The papilloma virus is the com
mon cause of cervical cancer in women. 
The virus is quite deadly, killing roughly 
4,000 U.S. women annually. A symptom 
of the virus is genital warts, but more 
often than not the virus exhibits no 
physically visible symptoms or clues to 
its existence. 
The leading researcher behind this dis
covery is Dr. William Hrushesky of the 
WJB Darn Veterans Administration Med
ical Center in Columbia, S.C. Dr. Hrush
esky is viewed as an authority on how 
disease patterns fluctuate over time, and 
he presented these findings at a meeting 
in Orlando of the American Association 
for Cancer Research. For his research, Dr. 
Hrushesky looked at more than 900,000 
Pap test results done in Southern Hol
land between 1983 and 1998. The doc
tor's specific conclusion was that the 
chances of getting the papilloma virus 
increase with greater exposure to sun
light. Specifically, the tests showed twice 
as much evidence for the existence of the 
papilloma virus in August than in winter 
months, with the evidence falling off 
sharply in September. The doctor feels 
that the high levels in August are not 
due to increased sexual activity but a 



combination of more sunlight and greater 
exposure to the sunlight. Dr. Hrushesky 
noted the scientific explanation in the fol
lowing manner: exposure to the sun can 
slow our body's production of antibodies 
and the "activation of protective T cells" 

(the most common natural defense 
against infection). Dr. H went on to say 
that greater exposure to sunlight might 
a lso be used to explain a theory that more 
sunlight leads to greater susceptibil ity of 

catching herpes or the adenovirus, 
among other things . 
Dr. Bruce Armstrong of the University 
of Sydney in Australia, presented his 

own research at the same conference as 
Dr. H, but Dr. Armstrong's research result
ed in a potential connection between lati
tude and cancer cases. Specifically, Dr. 
Armstrong found that many types of can
cer are less frequent in Southern areas (so 
Minnesotans aren't doing themselves any 
favors by sticking around during the sum
mer). Dr. Armstrong went on to highlight 
another conclusion in his research: the 
more sunlight people receive, the smaller 
their chances of getting non-Hodgkin's 
lymphoma. Specifically, Dr. Armstrong 
looked at 1,398 people and found that 
those who got the most sun had a one
third lower risk than those who got the 
least. 

No need for x-ray vision 
I'd be willing to bet that most literate folks 
out there thought that concrete on ly came 
in one color. Well, they are wrong . Our 

lovely Hungarian friends have created 
clear concrete. Crazy, I know, but they've 
done it by combining conventional con-

crete mix with optical fibers to create a 
new kind of concrete that transmits light. 
This new material, called LitraCon, is re
ported to have the strength of the concrete 
used today, but now it can provide a view 
of the outside world. 
LitraCon's inventor, Aron Losonczi states: 
"Thousands of optical glass fibers form a 
matrix and run parallel to each other be
tween the two main surfaces of every 
block. Shadows on the lighter side will ap
pear with sharp outlines on the darker 
one. Even the colours remain the same. 
This special effect creates the general im
pression that the thickness and weight of 
a concrete wall will disappear." 
The architects of the world who have 
taken a liking to LitraCon have high 
hopes that it will help change the reputa
tion of concrete (concrete has a mean rep
utation) from a dull material of industry 
to a strong choice in material that has 
both industrial and a esthetic benefits 
(such as the ability to substitute for win
dows in some cases, and to act as natural 
lights) . 
Mr. Aron Losonczi is a 27-year-old archi
tect from Csongrad who recently came up 
with the LitraCon idea while he was 
studying at the Royal University College 
of Fine Arts in Stockholm, Sweden. The 
idea became so successful that Mr. Loson
czi has created a company by the same 
name to commercialize his idea a nd 
bring it to the mainstream. 
"In theory, a wall structure built out of the 
light-transmitting concrete can be a cou
ple of meters thick as the fibers work with
out any loss in light up to 20 m," ex
plained Losonczi. "Load-bearing 
structures can also be built from the 
blocks as glass fibers do not have a nega
tive effect on the well-known high com
pressive strength of concrete. The blocks 
can be produced in various sizes with em
bedded heat isolation too." 

lo~fffio;? 
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At Ecolab, we clearly recognize that our associates are the 
heart and soul of our success. Founded on entrepreneurial 
spirit over seven decades ago, we've become a global leader 
in products, equipment, and services designed to provide 
superior cleaning, sanitation, and service solutions. With 
sales exceeding $3.2 billion and customers in t 70 countries, 
we believe the only time more exciting than Ecolab today is 
Ecolab tomorrow. Please join us at our research & develop
ment center in St. Paul as: 

·CHEMICAL ENGINEERS 
• ELECTRICAL ENGINEERS 
• MECHANICAL ENGINEERS 

• MICROBIOLOGISTS 
Our bene fils go beyond caring for your health - I hey provide 
for your financial well-being as well. For today, we offer 
medical, dental, vision, life insurance, and disability cover
age. For tomorrow, we help you share in Ecolab's success 
through a matching 40 t(k) plan and stock ownership oppor
tunities. For your individual needs, we offer you tuition reim
bursement plans and voluntary personal plans. 

For consideration, please send or fax your resume and salary 
requirements to Ecolab Inc. Fax to (651 )306·4234 or email 
to jennifer.perkins@ecolab.com 

Ecolab is an Equal Opportunity/ 
Affirmative Action Employer 
www.ecolab.com/careers 

We specialize in recruiting and 

placing technical professionals within 

the Engineering and Scientific 

disciplines on project-to-project or 

permanent basis both on a local 

and national level. We are currently 

looking for University of Minnesota 

affiliated candidates to join our team . 

Offices nationwide 
888-AEROTEK 

www.aerotek.com 
Local: 

4105 Lexington Ave. North 
Arden Hills 

651-415-6600 
E.O.E. M/F/DN 
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to hide something inside. Upon finding a candidate image file, you can check 
its data-hiding capacity: 

C:\steghide> steghide -info coverfile.jpg 
"coverfile.jpg": 
format: jpeg 
capacity: 9.0 KB 

Try to get information about embedded data ? (y/n) 

accelerate your life 

Now find a file to embed no larger than the cover-file's capacity. Once you have 
your "secret message" and your cover-file, you may embed the secret: 

U.S. Navy Officer Programs 
Get paid up to $3400/month 
while you finish your degree 
without any formal military 
training until you graduate! 

C:\steghide> steghide embed -cf coverfile .jpg -ef secretfile.txt 
Enter passphrase: 
Re-Enter passphrase: 
embedding "secretfile.txt" in "coverfile.jpg" .. . done 

Career Fields Include: Nuclear 
Submarine and Surface Ship 
Engineering, Naval Reactors 
Engineer, Civil Engineering 

Note that it asks you for a password. If you ever forget the password, steghide 
will be unable to determine whether a message is present in the future. 

and Aviation Programs. 
To find out if you are eligible, 

please stop by our U of M office 
at 808 Washington Ave. SE or 

contact your local representative 
at: 

1-800-247-0507 
teamminny@hotmail. com 

Now all that's left to do is to see for yourself whether it worked. Move the origi
nal secret file out of the directory and recover it from the stego-object you have 
created: 

C:\steghide>steghide extract -sf coverfile.jpg 
Enter passphrase: 
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r--------------., 
An Engineering Career 

FOR YOUR FUTURE 

Minnesota Power, an ALLETE company, head
quartered in Duluth, MN, provides low

cost, reliable energy serv
ices to residents, busi

nesses, and some of the 
largest industrial customers in the 

United States. 

For almost a century, electrical, 
chemical , civil and mechanical engi
neers, drafters and designers have 

provided a key role in the growth 
and success of the company. 

For information about applying 
for a job at Minnesota Power in the midst of scenic northwoods 
and multiple outdoor recreation opportunities, visit: 
www.allete.com. Cl ick on Job Opportunities, Energy Services, 
Job Search and Future Openings for Engineers. 

••• " mmnesota power 

An equal opportunity employer 
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EMERSON 
Process Management 

Emerson Process Management, Rosemount Inc. is a world class 
designer and manufacturer of precis ion measurement and control 
instrumentation. We are the globa l leader in our market. 
recognized for excellence in innovative, field-based pressure, 
temperature. flow, and level process so lutions. In addition to our 
fac ilities in the Minneapolis suburbs. we have manufacturing, 
sales, and service facil ities around the world. We are currently 
hiring co-op and graduating engineering students to work at our 
Chanhassen, MN location in the areas of design, software, test, 
manufacturing. mechanica l and electrica l engineering. 

Emerson Process Management. Rosemount Inc. offers a 
competitive sa lary and benefits package. If you are committed to 
providing superior customer service and produc ing top qua lity 
products. send your resume and cover letter to: Emerson Process 
Management - Rosemount Inc., Human Resources. M/S PL 16-
TW, 8200 Market Blvd., Chanhassen, MN 5531 7. or visit our 
webpage at www.Rosemount.com . For information on other 
opportunities with the Rosemount division, call our job line at 
(952) 828-3513. 

ROSEMOUNT~ 



* Full Time Electronic Technicians and Microscopic Soldering Assistants 
needed for long-term to hire positions in Chanhassen 

* Mid-West's leading repair and refurbishing company for cellular phones and wireless devices 
* CompeUtive Wages and Excellent Benefhs 

1340 Crystal Lane, Chaska, MN 55318 
Ph. 952·368·4898 

gwold@theworkconnection.com 

www.lheworkconneclion.com 

The 

'' I F Y 0 U K N 0 W S 0 F TWA R E 

YOU SHOULD 
KNOW US '' 
s lora gc s oftwar e c ompan y . 

VERITAS Software ranks among the top 10 software companies in the world, with award winning, 
market-leading products recognized by industry and busi ness leaders across the globe. Now you can 
get to know us here in Roseville, where we develop and support VER ITAS' flagship product, 
NetBackuprM. 

Exciting Entry-Level Software Development Careers 
Our top revenue producer since 1997, NetBackup delivers mainframe-class protection for the largest 
UNIX, Windows, Linux and Netware environments, including corporate data centers. To join our product 
team, you wi ll need knowledge of OOAIOOD and C++. Fami liarity with CORBA, Unix and Windows 
development, and/or storage, SAN or file systems wil l be a definite plus. 

With over 6,000 employees and growing, VERITAS can give you the kind of compensation and 
innovative life/work benefits that meet your unique personal and professional needs. For consideration, 
e-mail your resume and salary expectations to: terri.dahms@veritas.com. VERITAS is an equal 
opportunity employer with a corporate commitment to diversity. U.S. citizenship required. 

I 

-
VE RITAS'" 
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A CLIMATE OF INNOVATION 
Your Future Begins Here! 

Designers and Manufacturers of Engine Cooling Solutions 

Locations in Rosevil le, MN, Britton , SD and the World . 

To explore career 
opportunities 

call 651-361-6400 or visit 
our web site at 

www. hortoninc.com 

/! HORT?i!(J} 



Teamo1 
Univwity of Minne,ota ~ 
Institute of Technology 
5 Lind Hall 
207 Church Street SE 
Minneapolis, MN 55455 

Address Correction Requested 

Non Profit Org. 
U.S. Postage 

PAID 
Minneapolis, MN 

Permit No. 155 


