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LETTERS 

Reminiscing about days at the U 
EDITOR'S NOTE: The follo wing/etters first appeared in 

a mechanical engineering department newsletter de

voted to the University 's sesquicentennial celebration. 

I WAS ONE OF MANY WORLD WAR II VETS WHO 

entered the University in the fall of 1946. I was 

accepted to a five-year program that offered de

grees in both mechanical engineering and busi

ness administration. Now the G.l. Bill would pay 

for the rest of my college education. How fortu

nate I was! My biggest thrill came when the dean 

summoned me to his office to tell me I had been 

elected to Plumb Bob, the special engineering 

society that hosted Engineers Day on campus. 

PAUL JOHNSON (ME '49) 
St. Paul, Minnesota 

THE PLACE TO MEET FOR STUDY AND LUNCH 

was the Embassy Club on the second floor of the 

Mechanical Engineering Building. The music is my 

best memory. One day at noontime, as I inspect

ed the large radial aircraft engine displayed at the 

top of the northwest stairway, my pleasure was 

enhanced by the faint strains of the string quartet 

led by Professor Thomas Murphy that drifted 

from the labs. 

WILLIAM BILLETT (ME '61) 
Fairmont, Minnesota 

AS GRADUATE STUDENTS IN THE 1950s, MY 

classmate Paul Peterson (ME '53, M.S. '55) and I 

tested a spark- ign ited gasoline engine modified 

to use a mechanical fuel-injection system. We 

studied the engine's peak combust ion pressures 

to discover if better cycle-to-cycle fuel distribu

tion was possible. 

I still remember Professor Richard Jordan's 

question during my oral exam: "Do you think we 

will ever have fuel injection in cars?" 

Although our experiments didn't prov ide con

clusive evidence that the fuel-injection system 

was signif icantly better than the carburetor, the 

technique was improved, and now all automobi le 

manufacturers use fuel-injected gas engines. 

Paul and I fee l great pride that we worked on 

research that later came to fruition. 

EUGENE CONNORS (ME '53, M.S. '55) 
Edina, Minnesota 

Hijinks In the snow on Engineers Day in 1956. 

Investing in higher ed 
THE STATE HAS DECIDED TO RETURN THE BUD

get surp lus to taxpayers rather than invest it in 

higher education. 

If only the state would view education as a 

contributor to all of our children: Consider that 

it employs many high-paid, well-educated per

sons who pay high taxes, and it graduates many 

well-educated, self-sufficient citizens each year. 

The University produces research that improves 

ou r health, eases our pain, and helps us li ve 

longer. It improves and protects our crops and 

creates innovations that help our economy. It 

entertains us with fine music, exciting sports, 

and mentally stimulating activities. 

Higher education is a true bargain for our 

state. Too bad our governor fails to see thi s. He 

shou ld be ashamed. 

HERBERT JOHNSON 
Minneapolis, Minnesota 

Correction 
Our Spring 2001 profile of Andreas and Juana 

Acrivos ("The Apex of Accomplishment") incor

rect ly placed Juana Acrivos in Castro's Cuba. It 

should have stated that she emigrated to the 

United States before the revolution that brought 

Fidel Castro to power. We regret the error. 
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FROM THE DEAN H. TED DAVIS 

IT faculty are working to build a sustainable future and promote 

environmental literacy through their research and teaching 

U and the environment 
ACROSS THE STREET FROM IT ADMINISTRATION'S TEMPORARY OFFICES 
stands the Bell Museum of Natural History, a popular center for environmental 
education, outreach, and research. Year-round, the museum serves thousands of 
young visitors through inventive programming and exhibits that appeal to a 
child's imagination and wide-eyed curiosity. In a riveting outdoor diorama, the 
bronze sculptures of a bull moose and three wolves portray the life-and-death 
struggle between predator and prey. Indoors, visitors of all ages learn about the 
natural world, science, and the web of life. 

The museum is a gentle reminder that science and technology affect the en
vironment, for better or worse. Scientific, technological, 
and economic progress sometimes has come at the expense 
of the environment. Over the last several decades, howev
er, concern for the environment has prompted significant 
changes in government regulations, consumer behavior, 
science education, and the scope of scientific research. The 
design of environmentally sound products and processes is 
one of the most exciting areas of applied research, and the University of Min
nesota and other major research universities are the locus of much of this ac
tivity. 

In this issue, you'll meet some of the people in IT who are conducting research 
on problems related to the environment, from the preservation of wildlife habi
tats to the creation of biodegradable plastics to the quality of our air and water. 
Geologists are studying Earth's remote past for clues to its climatological future. 
Computational chemists are using supercomputers and specialized software to 
work on applications in environmental chemistry. The world-renowned St. An

thony Falls Laboratory has expanded its focus to include interdisciplinary re
search on water and its interaction with the environment. 

Our faculty strongly endorse a University-wide initiative to improve the envi
ronmental literacy of all students. Many students in nonscience majors have a 
keen interest in the environment but lack a strong background in math and sci
ence. As part of the initiative, civil engineering professor Michael Semmens es
tablished the University's first environmental science laboratory class that's tai
lored for nonscience students and designed to satisfy the University's "physical 
science with laboratory'' course requirement. 

IT's motto, "Inventing Tomorrow," neatly summarizes the college's mission. 
However, when I see a queue of yellow school buses outside the Bell Museum, I 
realize that, in one sense, the future is already here. Not all of these children will 
become scientists, mathematicians, or engineers, but each one has the right to 
live in a healthy, life-sustaining environment. We all have a special responsibility 
to make that kind of tomorrow a reality. • 

The design of 

environmentally 

sound products and 

processes is one of 

the most exciting 

areas of applied 

research. 
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Gifts to IT total $32.8 million 
in 2001 as Campaign Minnesota 
gains momentum 

GIFTS AND PLEDGES TO THE INSTITUTE OF TECHNOLOGY TOTALED 

$32.8 million during the 2000-01 fiscal year, sett ing a new fundraising 

record for the University of Minnesota Foundation and propelling the col

lege toward its $160 million Campa ign Minnesota goal. 

"Our goal [with Campaign Minnesota] is to provide the resources to 

make IT's programs stand out among the very best," says IT dean H. Ted 

Davis. "Our alumni and friends are committed to helping us reach that 

goal, and our remarkable success this year certainly reflects their en

thusiasm." 

According to development director Phil Oswald, gifts of all sizes con

tributed to the col lege's record-set ting success. 

"Last year we had more individual donors-5,906-than in any pre

vious year," says Oswald. "Clear ly, our message resonates with a large 

"Our alumni 
and friends ... 
share the 
belief that an 
investment in 
IT's programs 
and people is 
the most 
effective. 
creative way of 
shaping the 
future." 

number of our alumni and fr iends." 

IT also received its two largest gifts ever, $7 mil

lion from ADC Telecommunications and $5 million 

from the Hubbard Foundation. ADC's gi ft supported 

chairs and fe llowships in digital technology; Hub· 

bard's funded the University's share in a new tele

scope-the most powerful on Earth-under con

struction in Arizona. 

Raising money to provide support for students 

and faculty-scholarships, fellowships, professor

ships, and cha irs-remains IT's top priority for the 

year ahead, says Oswald. In addition, the college 

hopes to endow a new strategic research fund. 

college must raise an additional $59 million by 

2003 to reach its Campaign Minnesota target. 

"Our goals are ambitious," adds Davis, "but our alumni and fr iends are 

strongly committed to helping us achieve them. We sha re the belief 

an investment in IT's programs and people is the most effect ive, creat 

way of shaping the future." • 

REACHING AN 
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interdisciplinary center in an educational en

vironment that stimulates technological inno

vat ion," says Od lyzko. "The center builds on 

the University's existing strength in many of 

these research areas and in doing so posi

tions Minnesota to be a world leader." 

Odlyzko, who holds a doctorate in mathe

matics from Massachusetts Institute of Tech

nology, was an adjunct professor of combina

tor ics and optimization at the University of 

Waterloo in Canada from 1994 to 1999. Pub

lished wide ly on topics ranging from elec

tronic commerce to cod ing theory and prob

DIGITAL 
DIRECTOR 

serves as a professor of mathe

matics and assistant vice presi

dent for research. 

"Odlyzko is not only a bril

liant, internationally renowned 

mathematician, but he also has 

the vision and interest in the 

broader aspects of digital tech

nology that will enable him to 

ability, he also has served 

as editor or on the editorial 

board of more than 25 lead

ing mathematics, comput

ing, communications, and 

digital technology journals. 

He's also been a member 

of advisory or governing 

boards of leading educational institutions 

throughout the country. A frequent expert 

commentator, Od lyzko has been quoted in 

The Economist, The Wall Street Journal, Sci

entific American, U.S. News & World Report. 

Fortune, and Business Week, among others. 

ONE OF AT&T LABS' TOP RESEARCHERS 

has been named as the f irst director of the 

University's new Digital Techno logy Center. 

Andrew Odlyzko, who led the mathematics 

and cryptography research department of 

AT&T Labs for five years beginn ing in 1996, 

assumed the post in early August. He also 

lead the Digital Technology Center to world 

prominence," says IT dean H. Ted Davis, who 

chaired the search committee that selected 

Od lyzko. 

"Digital technology is a cornerstone of the 

21st-century economy, and th is is an out

standing opportunity to create a world-class 

"Andrew is a world-renowned expert," says 

Christine Maziar, Graduate School dean and 

vice president for research. "Under his lead

ership, we're conf ident that the Digital Tech

nology Center will become a source of great 

pride for the University and for the peop le 

of Minnesota." • 

·coUP' BRINGS RENOWNED NUMERICAL ANALYST TO IMA 
DOUGLAS ARNOLD, DISTINGUISHED 

Professor of Mathematics at Pennsyl

vania State University, has been 

named to head the Institute for Math

ematics and Its Applications (IMA). He 

succeeds Professor Willard Miller, who 

stepped down after four years as di

rector. 

Arnold 's research focuses on nu

merical analysis, with an emphasis on 

partial differential equations, particu

larly those dealing with mechanics. At 

Penn State he was co-director of the 

Center for Computational Mathemat

ics and Applications, associate direc

tor of the Institute for High Perfor

mance Computing Applications, and a 

member of the Center for Gravitation

al Physics and Geometry. He was in 

residence at the IMA twice during the 

past 15 years. 

"Arnold is a world-class numerica l 

analyst who is well-known worldwide," 

says School of Mathematics head 

Naresh Jain. "It was a real coup to 

bring him here." 

Arnold's wife, Maria-Carme Calderer, 

whose research interests include 

mathematical studies of liquid crys

tals, will also join IT's math faculty. 

Established by the National Science 

Foundation in 1982, the IMA strives to 

close the gap between theory and ap

plications of mathematics by fostering 

collaborations between academic 

mathematicians and industry. • 
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U canoe team rows away with 
sixth-place finish in national contest 

FOR THE ELEVENTH TIME IN 13 YEARS, IT STU

dents rowed away with the first-place title in the 

regional round of the American Society of Civil En

gineers/Master Builders Concrete Canoe Competi

tion . 

The team, led by Jesse Struve (CE '01), went on 

to an impressive sixth-place finish in the national 

competition in San Diego, where 24 teams compet

ed for $9,000 in scholarship money. 

Competition scores are based on a number of 

factors, including the canoe's appearance and 

structural integrity, students' paddling prowess, a display, and written and 

oral presentations on the canoe's design. In previous years, contestants could 

use foam on the tips of the canoe to provide floatation, but this year concrete 

had to provide all the buoyancy. 

According to Struve, that new design rule presented a number of chal

lenges. "We had to completely redevelop our concrete mi x so that the unit 

weight became lighter than water while maintaining a certain strength goal," 

he says. "That was a lot of work." 

The new mix was made up of a combination of portland cement. latex, glass 

beads, chemical admixtures, and ceramic spheres. "We tested over 30 new 

concrete mixes to get just the right combination," says Struve. "It was a real 

challenge." 

It took eight months for the students to design and build the 100-pound, 18-

foot canoe, which they named Koukan. 

Training was another challenge. An especially harsh winter kept Minnesota 

lakes icy until two days before the regional competition, which made it diffi

cult to gauge how the boat would perform. 

" With the ice on the lakes, we only had the Mississippi River to practice on, 

and we could only practice two weeks before the regional," he says. "But our 

training was really focused , and our paddlers did really well." 

This year's sixth-place national finish is the team's best ever, and Struve is 

confident that future competitions will bring even greater success. "The team 

will continue to find new innovations that set Minnesota apart from the rest 

of the competitors," he says. "We'll just get better and better." • 

Fred Gillett 
INFRARED ASTRONOMY PIONEER FRED 

Gillett (Physics '60, Ph.D. '66) died April 

22 in Seattle of a rare bone marrow dis

order. Gillett, 64, was among the earliest 

proponents of infrared astronomy, which 

enables scientists to make discoveries 

beyond the range of visible light. He de

signed and built the first infrared instru-
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ment in the field and made numerous 

breakthroughs. In 1994 he became project 

scientist for the International Gemini Ob

servatory, a pair of advanced eight-meter 

telescopes located in Hawaii and Chile. A 

member of the scientific committee that 

planned the international partnership, 

Gillett played a key role in the Gemini proj

ect from its inception to completion. • 

Gene Irish White 
PIONEERING PHYSICIST GENE IRISH 

White (Physics M.S. '39) died of lung can

cer on June 28 in Washington, D.C. White, 

82, a researcher on the Manhattan Project 

that developed the atomic bomb, was the 

only female on the team of scientists sur

veying the destruction of the Helgoland 

German submarine base after World War II. 



"There was considerable apprehension in 

Wash ington about sending me, a lone fe

male, to set up a laboratory by myself," she 

said in 1947. "But [thei r fears were] entirely 

unjustified." For her work as a phys icist dur

ing the war, which included the design of 

acoustic mines for the destruction of 

Japanese cargo ships, she received the 

Navy's Meritorious Civi lian Service Award. • 

BOREALIS 
SHINES 
OVERCOMING ELECTRICAL PROB

lems early in the race, the University 's 

solar vehicle team and its fifth -genera

tion car, Borealis, surged to a sixth 

place finish in the 2001 American Solar 

Challenge. Twenty-seven college teams 

competed in the 2,300-mile, 10-day 

race from Chicago to Claremont, Califor

nia, along historic U.S. Route 66. 

Completely redesigned from the 

ground up, Borealis incorporated new 

technology designed to help it surpass 

the benchmarks set by its predecessor, 

Aurora 4, including a new aerodynamic 

shape, more efficient solar cells and bat

teries, and an upgraded electrical sys

tem. 

"Nearly every system in this car is 

completely new," says team captain Lisa 

Mauer. "Unfortunately, we ran into some 

unpredictable glitches once we got out of 

Chicago." 

Rough road conditions on the first day 

of the race caused a short in Borealis' 

electrical system, destroying 16 power 

trackers that maximize the power enter

ing the batteries from the solar array. 

With the array disabled, the team was 

forced to race on battery power and 

ended the second day in a disappointing 

19th place. 

But team members remained in good 

spirits, says Mauer, and they quickly de

vised a plan to keep Borealis in the race, 

using an emergency shipment of power 

trackers removed from previous models. 

They spent rest periods during the next 

three days rewiring 3,400 cells in the 

solar array. 

Once the repairs were finished, Bore

alis completed the remaining legs of the 

race in record times. 

" The car performed phenomenally," 

says Mauer. "We raced at the speed limit 

for the last several days of the race. We 

finished in the top three most days and 

would have ended up at the top of the 

pack if not for the [electrical] problems." 

Borealis fin ished the competition with 

an elapsed race time of 66 hours and 59 

minutes. The University of Michigan's 

entry, M-Pulse, finished in first place with 

an elapsed time of 56 hours and 10 min

utes. 

"Overall, I'm really proud of our per

formance," says Mauer. "Our electrical 

problems were frustrating, but the team 

really pulled together to get us back in 

the race. It was a great learning experi

ence for all of us." 

The team hopes to race Borealis in the 

World Solar Challenge in Australia in Oc

tober. Members will spend the next few 

months refining the car and raising funds 

to make the trip. 

Mauer is optimistic about the team's 

prospects in the international race. "The 

American Solar Challenge was perfect 

preparation," she says. "This car could 

do exceptionally well in Australia." • 
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RESEARCH AND DISCOVERY 

IT MAY HAVE SEEMED LIKE AN UNLIKELY MARRIAGE 

of art and technology, but developing an electronic system 

for transcribing modern dance movements presented an 

ideal challenge for students in the fall 2000 senior design 

project class. 

The project was prompted by a call to electrical and com

puter engineering professor Rick Kiehl, the class advisor, 

from a professional dancer in New York City. 

"She had learned a notation system for recording modern 

dance that was used before the advent of video," explains 

Kiehl . After video use became prevalent, dancers and cho

reographers began abandoning the cumbersome notation 

system. 

"The [notation] system had become obsolete because it 

was so difficult, but even though video captures a great deal 

of nuance and detail, it doesn't allow you to have any kind of 

symbolic database from which to make comparisons of dif

ferent choreographers," he says. 

Kiehl challenged the electrical engineering class-Michelle 

Ehrenberg, Anangelica Gutierrez, Young Heo, Erik Omberg, 

and Reid Welch-to create an electronic system that could 

automatically record modern dance movements in the old no

tation system without hindering the dancers' movements. 

The group succeeded in developing a rudimentary system 

capable of translating dance movements into electrical sig

nals. Future classes will tackle the next step: creating a sys

tem that can identify specific movements and translate 

them into symbolic notations on a page. 

The project has exciting potential, says Kiehl. "If we get 

enough interest from the dance community, there may be rea

son to look at developing a commercially viable system." • 
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THE WEB 
RESEARC HERS IN TH E DEPARTM ENT OF 

Computer Science and Eng ineering are try

ing to make it eas ier and faster to find what 

you're looking for on the Web. 

Last December they launched Mearf, a 

new experimental metasearch tool that col

lects and prioritizes links from Internet 

sea rch engines. Mearf sends user queries 

to as many as four different search engines 

and then merges and ranks the results 

using di fferent collection fusion strategies. 

Mearf was designed by graduate student 

Bilgehan Uygar Oztekin under the supervi

sion of Professor Vipin Kumar and Assis

tant Professor George Karypis. 

According to Oztekin, Mearf will cut 

through the clu tter and eliminate irrelevant 

links. Besides ranking and merging search re

sul ts, the system also eliminates duplicate re

sponses and circumvents banner advertising 

on commercial search engines. 

This summer, Kumar's research group 

will unveil an enhanced search tool called 

• 



Scout. Built on top of Mearf technology, 

Scout will offer better search parameter 

controls and will organize ranked results 

into re levant ca tegories, he says. 

In response to a query, Scout will cluste 

the resulting links into categories. To refine 

your search, you specify the most relevant 

initia l search results and di rect Scout to add 

the highly recurring keywords in these links 

to the next query. If you use the optional 

profile feature, in time Scout automatically 

learns the keywords that interest you most. 

which you may apply to future queries. 

The group is also involved in a project on 

site-specific search, which em ploys the 

Mearf-Scout framework to give t he user a 

customized search interface for a specific 

site or domain. Site-specific search will also 

niques to analyze the site structure and 

documents and provide better results. 

"As the number of people using 

and Scout increases, we wi ll be able to 

tain better statistics, allowing us to 

try new ones, and ultimately se lect 

ASTROPHYSICISTS AT THE UNIVERSITY OF MINNESOTA AND THE UNIVERSITY OF CALIFOR

nia-Berkeley have just developed a clearer "snapshot" of the infant universe taken in August 

1998. New data on the cosmic microwave background radiation strongly supports the infla

tionary model of the universe and provides evidence that its geometry is flat. The data repre

sent a second, closer analysis of the pattern of microwave background radiation reported last 

year by researchers on the Millimeter Anisotropy Experiment Imaging Array (MAXIMA) proj

ect. The high-altitude balloon experiment produced the highest-resolution map of t he cosmic 

microwave background yet published. 

The inflationary theory describes a cosmos that underwent a violent, exponential expansion 

a fraction of a second after the Big Bang. About 300,000 years after the Big Bang, the uni

verse had cooled enough to allow light to move through the primord ial soup. MAXIMA's mil

limeter-wave telescope recorded infinitesimal brightness fluctuations in this light streaming 

from deep space. 

" The observed magnitude [of these fluctuations] is consistent with what inflation pred icts," 

says McKnight Land-Grant Professor Shaul Hanany, a MAXIMA leader. 

The MAXIMA fi ndings also confirm mounting evidence that ord inary matter accounts for 

on ly about f ive percent of the universe, the rest being dark matter (30 percent) and dark en

ergy (65 percent). This fall the MAXIMA team plans to launch MAXIPOL, an experiment that 

will study the polarization of the microwave radiat ion. • 

MONALISA 
IF LEONARDO DA VINCI WERE ALIVE 

today, he'd probably confess that his 

Mona Lisa is smiling in approval at her 

latest namesake, an alliance of Univer

sity researchers with a prescient vision 

for the future of technology. Moreover, 

the original Renaissance Man himself 

probably would be a charter member 

of the Molecular Nanosciences Al

liance for Interdisciplinary Studies and 

Activit ies (MONALISA). 

The alliance brings together re

searchers, faculty, and students from 

several disciplines to share ideas 

about the emerging field of 

molecular nanoscience and 

nanotechnology. As a first 

step toward establishing 

pioneering research pro

grams, MONALISA encour

ages the formation of al

liances among faculty and 

students from disciplines that tradition

ally have had little overlap. 

Electrical engineering professor Rick 

Kiehl. the group's principal investiga

tor, founded MONALISA after partici

pating in the Minnesota Nanotechno

logy Summit held on campus in March 

2000. Members include experts in 

electrical engineering, mechanical en

gineering, chemical engineering and 

materials science, chemistry, physics, 

genetics, cell biology and develop

ment, and pharmaceutics. 

MONALISA, which has hosted weekly 

seminars and a mini-symposium, also 

supports a floating graduate research as

sistantship. Another mini-symposium is 

scheduled for fall 2001. 

"Our goal is to bring people with an in

terest in nanotechnology together to en

able them to share information and de

velop new ideas together," says Kiehl. 

"We hope the joint research projects and 

internal funding will follow the ideas." • 
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A mission 
aboard the 

A unique NASA program 

sends nine aerospace 

engineering students on the 

ride of a lifetime 

BY TRACEY WILSON 
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T 
HIS FLIGHT WOULD BE UN
like any other they'd ever 
taken, and the passengers were 
nervous. They didn't have to 
contend with long lines, lug

gage, or bad airport food, but they did 
have to remember to keep track of their 
feet when they began floating in the air. 

University seniors Eric Euteneuer, Ce-

cilia Ortiz-Duenas, Travis Schauer, and 
Christopher Teeuwen were about to 
board the Boeing KC-I35A, NASA's re
duced-gravity training aircraft. The 
plane flies a roller-coaster path consist
ing of 40 parabolic arcs. At the top of 
each curve, passengers float weightless
ly for 25 seconds and then endure two 
minutes of double gravity before the 
plane dives and climbs again. These 
twists and turns have been known to 
induce nausea in the most experienced 
sailor, earning the plane its nickname-

"vomit comet." 
Their flight ticket was a research pro

posal they'd submitted to NASA's Re
duced-Gravity Student Flight Opportu
nities Program. In this nationwide 
competition, college undergraduates 
vie for a chance to conduct self-de
signed in-flight experiments aboard the 
KC-I35A. NASA's Johnson Space Center 
in Houston and the Texas Space Grant 
Consortium launched the program in 
1995 as an undergraduate research op
portunity for Texas college students. 

In 1997 the program expanded to in
clude students from across the country; 
this year the program involved 96 
teams from 47 institutions in 30 states. 
The program is modeled after NASA's 
Reduced-Gravity Program, which has 
trained astronauts in similar flights 
since 1959. 

The University students began their 
adventure one day during their junior 
year when Professor William Garrard, 
chair of the aerospace engineering and 
mechanics department, visited their 
fluid dynamics class. He tendered an 
offer the four aerospace engineering 

majors couldn't resist: Come up with a 
zero-gravity experiment, submit the 
proposal to NASA, and perhaps win the 
ride of a lifetime. 

"Everybody wanted to be in the pro
gram," recalls Ortiz-Duenas. "The en
tire class went up to Professor Garrard 
after class to see if they could sign up." 

Eventually the field of candidates 
narrowed, and Teeuwen, Schauer, Eu
teneuer, and Ortiz-Duenas began work
ing on their proposal with aerospace 
engineering professor Ellen Longmire 



in spring 1999. 
The team decided to conduct two 

fluid dynamics experiments that would 
examine how basic fluid properties 
react in space. Teeuwen says the team 
wanted its experiments to be more than 
just abstract exercises. 

"In longer space flights there is a lot 
of fuel mixing, waste processing, and 
recycling. They need to know how flu
ids will react in these circumstances," 
he says. "As it stands now, there's not a 
lot [that's] understood about how flu
ids react in space." 

In December 1999 the team sent a 
formal proposal to NASA. The wait for a 
response seemed endless. 

"We were supposed to hear from 
NASA in March," says Schauer. "But on 
the day we were supposed to find out, 
we got an email telling us we wouldn't 
hear anything until May. When May fi
nally arrived, NASA told us we wouldn't 
hear anything until June. At that point, 
we were all on pins and needles." 

In June 2000, just before summer 
break, the students finally learned that 
NASA had approved their proposal. A 
five-member team led by Garrard and 
Associate Professor Thomas Shield also 
submitted a winning proposal. Both 
teams were scheduled to fly the "vomit 
comet" in February 2oor. 

"That was a very happy day for me," 
says Euteneuer. "I just couldn't believe I 
was getting the chance to go to NASA 

and fly on the same plane they use to 
train the astronauts . It was a dream 
come true." 

However, they still had plenty of hard 
work to do. With the flight date loom
ing, the students had to construct their 
experiment while contending with 
exams and class work. 

"It was a bit of a juggling act and a 
challenge to study," says Teeuwen, "but 
we were all committed to the project 
one hundred percent." 

Left: Students tour a NASA hangar near John

son Space Center. Right: Euteneuer and Teeuwen 

float weightlessly aboard the "vomit comet." 
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The plane flies a roller-coaster 

path of parabolic arcs. At the 

top of each curve. passengers 

float weightlessly for 25 seconds 

and then endure two minutes of 

double gravity before the plane 

dives and climbs again. 

Above: Ortiz-Duenas examines the controls of 

the space shuttle cockpit simulator durinq a 

tour of Johnson Space Center. Riqht: Teeuwen 

inspects the team's equipment before loadinq it 

aboard the "vomit comet." 
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Fortunately for the team, NASA cov
ered the flight costs, and the University 
provided all other equipment and paid 
the team's travel expenses. Ortiz-Due
nas says the team couldn't have done it 
without the University's help. 

"Some of the other student teams 
had to raise all the money themselves," 
she says. "Between our class work and 
exams, I don't think we would have had 
the time to raise money, too. I'm glad 
we didn't have that distraction." 

After designing the experiment, the 
team had to find a freight company 
willing to ship the so gallons of oil it 
needed for the experiments. 

"That· took a bit of work," says 
Schauer. "Most freight companies have 
restrictions against transporting such 
material." 

All problems were quickly forgotten 
when the students arrived at Ellington 
Field-north of the Johnson Space Cen
ter in Houston-to join other teams in 
the NASA hanger. Teeuwen remembers 
being fascinated by the sophisticated 

NASA equipment. 
"Everywhere you looked there was 

an awesome piece of equipment," he 
recalls. "After reading about all this 
stuff, it was just amazing to see it up 
close." 

After a quick debriefing and facilities 
tour, the students underwent mandato
ry preflight health and safety training. 
They soon learned that NASA's instruc
tions are a lot more complicated than 
the rote demonstrations presented on 
commercial flights. 

The training began with a day of lec
tures on the dangers of sudden decom
pression and ended in the high-altitude 
chamber, where students had a brush 
with oxygen deprivation. 

Used to train astronauts, the high-al
titude chamber simulates oxygen levels 
at 24,000 feet and higher. At those alti
tudes, hypoxia-oxygen deprivation
can affect even the most experienced 
mountaineer. Hypoxia impairs think
ing, memory, and judgment even be
fore its most serious physiological ef-



fects take hold, making it unlikely that 
victims can comprehend their disability 
in time to prevent serious illness or 
even death. The instructor cautioned 
the students to put on their oxygen 
masks right away if they experienced 
symptoms of hypoxia during the ses
sion. 

Inside the chamber, the students sat 
on benches and inhaled pure oxygen 
for IS minutes to rid their bodies of ni
trogen and prevent "the bends" during 
decompression. Then the hatch was 
locked, and the "ascent" began. 

At 2s,ooo feet the students were told 
to remove their oxygen masks and com
plete a series of simple exercises. 
Teeuwen recalls that when he first took 
off his mask he felt perfectly fine. 

"My breathing was normal," he says. 
"I wasn't gasping or anything, but when 
I tried to do the simple exercises they 
gave us, I knew I was in trouble." 

Most students couldn't complete a 
basic connect-the-dot exercise. Ortiz
Duenas couldn't remember how to add 
simple numbers. "I couldn't figure out 
what two plus two equaled," she says. 
"It completely baffled me for a minute." 

Soon all the oxygen masks were 
back in use. Thirty minutes in the 
high-altitude chamber had convinced 
them that their flight was not without 
risk. 

On the morning of the flight, every
one was excited, nervous, and a little 
bit scared. 

The takeoff was a little eery, says Eu
teneuer. Strapped into his seat in the 
windowless compartment, he couldn't 
tell when the aircraft left the ground. 
Once it was airborne, the students took 
their positions next to their worksta
tions. Then the climb began. 

Instructors had warned them that 
most people get sick during the double
gravity flight segments. The intensity of 
the g-forces surprised Ortiz-Duenas. 

"It was like someone had put a ce
ment block on my entire body," she says. 
"You can't move at all-like your arms 
and legs are pinned to the ground." 

But suddenly the pressure lifted, and 
the students slowly drifted up from the 
floor. Teeuwen hollered. Ortiz-Duenas 
whooped. Euteneuer and Schauer 
laughed uncontrollably. 

They all agree that the sensation of 
weightlessness defies description, al
though Teeuwen says it resembles 
swimming-in a very weird environ
ment. 

"When you're swimming, you have to 
push against the water to move, and 
friction causes your body to stop," he 
says. "In weightlessness, nothing can 
slow you down or stop you except a 
wall or another person." 

After a few parabolas-and a few 
barf bags for Schauer and Euteneuer
the team turned its attention to the ex
periments. Euteneuer says the high-al
titude oxygen levels made the act of 

flipping a switch a daunting task. 
"I had to really concentrate to flip 

that switch," he says. "It took all of my 
mental focus to complete that one little 
task." 

After two hours and 32 parabolas, the 
flight ended, and the team was back on 
the ground . Although they experienced 
less than IS minutes of weightlessness, 
Ortiz-Duenas says it's an experience 
she'll never forget. All the team mem
bers will be attending graduate school 
at the University and hope to become 
astronauts one day. 

"We all hope and dream of the day 
we can train for missions on the shuttle 
or even a flight to Mars," she says, "but 
even if none of us ever returns to NASA, 

we'll carry the friendship, the memo
ries, and the stories forever." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 



OUTREACH 

An entertaining and 

provocative series of films 

and discussions offers new 

insights into life-changing 

20th-century inventions 

BY JUDY WOODWARD 
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N GOOD MIDWESTERN ACADEM
ic tradition, the University likes to 
think of itself as the intellectual 
property of every Minnesota citi
zen. But there's another public in
stitution dedicated to the same 
ideal, and it's probably just a brief 

walk or ride away from where you live. 
Down at your local public library, li

brarians often refer to the place where 
they work as the "people's university." 
It's the one place, librarians say, where 
everybody can come for information 
and an opportunity to learn. 

Recently the University and the "peo
ple's university'' joined forces to give 
Twin Cities residents a chance to learn 
about the impact of some of the 2oth 
century's most influential inventions. 

Last fall and winter, the public was 
invited to attend Fast Forward, a series 
of films and discussions on science, 

technology, and the 
communications revo
lution. Held on six Sun
day afternoons, the 
talks were presented at 
the Ridgedale branch 
of the Hennepin Coun
ty Public Library in 
suburban Minnetonka. Each Sunday a 
different IT professor introduced a 
short film on topics ranging from the 
World of Tomorrow (as envisioned by 
the organizers of the I939 World's Fair) 
to the World of the Internet, with 
stopovers for such life-changing inven
tions as the telephone, radio, and film. 

At one of these sessions, a small 
group gathered to hear visiting profes
sor Gregg Mitman's presentation on 
film. 

Mitman, who has studied the social 
implications of nature films, talked 



briefly about the scientific and techno
logical roots of early filmmaking. He 
explained that the first "movies" were 
actually filmed studies of animals in 
motion. He talked about Eadweard 
Muybridge, an Englishman who used 
film in the r87os to resolve what had 
been up until then a subject for scien
tific and popular debate: When a horse 
gallops, do all four of its legs leave the 
ground simultaneously? His film 
proved that a horse running at full tilt 
is indisputably-if briefly-airborne. 

"Early film," said Mitman, "was an at
tempt to capture a body in motion, 
slow it down, and quantify it." 

Mitman discussed the relationship 
between film and the "efficiency" 
movement of the early 2oth century. 
Scientific management studies were in 
their infancy at the time, but efficiency 
experts like Frederick Taylor quickly 
perceived that film could be a useful 
tool in the effort to systematize and ra
tionalize the movements of an assem
bly line worker. Despite the apparent 
dehumanization of the worker in early 
time-motion studies, Taylor believed 
the research would lead to increased 
productivity and higher capacities for 

consumption. However, as Mitman 
pointed out dryly, "Of course, Frederick 
Taylor didn't work on the assembly line 
himself." 

Mitman then presented a short docu
mentary film about the rise of the 
movies, followed by an excerpt from 
one of the most famous cinematic por
trayals of man vs. machine ever 
filmed-Charlie Chaplin's 1936 master
piece, Modern Times. 

When the lights came back up, the 
audience was ready to talk, and Modern 

Times generated most of the comments. 
Retired television sales manager 

Roland King spoke about the political 
content of the film, which portrays the 
Little Tramp as a bewildered pawn of 
industry, literally trapped in the me
chanical hell of a factory assembly line. 

Reference librarian Stephanie Stein
wedel noted the irony of Chaplin's rela
tionship with technology. "He's criticiz
ing technology [in Modern Times] , but 
[film] technology was what made him 
what he was." 

Filmed long after the advent of talk
ing pictures, Modern Times is virtually a 
silent movie. Several people in the 
group were intrigued by Chaplin's artis-

tic decision to write, direct, score, and 
produce a film without traditional dia
logue. In a mechanistic world symbol
ized by the madman's factory in Modem 

Times, voices can only be transmitted 
through machines, someone suggested. 
Another person said the movie under
scored the powerlessness of workers: 
"The workers had no voice!" 

The audience bridged several genera
tions of movie enthusiasts, including 
several people who'd worked in various 
facets of the film industry. Many others, 
including Maxine Dickson, president of 
the Minnetonka Historical Society, de
veloped their expertise in the simplest 
way possible. As Dickson confessed, 
"I've gone to movies all my life." 

The lively discussion gratified Stein
wedel and Professor Sally Gregory 

Each Sunday a different IT professor 

introduced a short film on topics that 

ranged from the World of Tomorrow 

(as envisioned by the organizers of 

the 1939 World's Fair) to the World 

of the Internet. with stopovers for 

such life-changing inventions as the 

telephone. radio. and film. 

Kohlstedt of IT's Program in the Histo
ry of Science and Technology, who to

gether had crafted the proposal for the 
Fast Forward series. Now they could see 
that the whole afternoon was going ex
actly as planned. 

About a year earlier, Steinwedel, who 
is in charge of programming at the 
Ridgedale library, had been casting 
about for topics that would interest the 
typically well-educated patrons of the 
suburban library system. When she 
learned that the American Library As
sociation, in partnership with a non-
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profit foundation called National Video 
Resources, had received funding to cre
ate a documentary film-and-discussion 
series on the scientific foundations of 
the communications revolution, it 
seemed like a natural fit for the audi
ence she was trying to attract. 

The organizers of the series, which was 
funded jointly by the National Sci-

THE TWENTIETH CENTURY: 

ence Foundation, the Alfred P. Sloan 
Foundation, and the National Endow
ment for the Humanities, had decided 
to create a pilot program for the distri
bution of the fi lms. When Steinwedel 
heard that the program initially would 
be limited to so public libraries nation
wide, she decided to apply. 

"Technology is a hot topic, and it's 
also a topic that is personally interest
ing to me," she explains . "I'm fascinat
ed by the social implications of technol
ogy and the speed with which we take 
on new technology." 

There was only one element missing 
from the libra ry's appli cation. "We 
needed a scholar to guide our project," 
says Steinwedel. 

That's where Kohlstedt came in. 
"I got so lucky with Sally," explains 

Steinwedel, who discovered Kohlstedt 
through a web site for the University's 
program in the history of science and 
technology. 

Attracted by Kohlstedt's joint re
search interests in the history of science 
and in feminist studies, Steinwedel in
troduced herself by email and persuad
ed Kohlstedt to join the project. 

Their collaboration itself illustrated 

the wonders of modern communica
tion; the two didn't meet face-to-face 
until after the proposal was funded. 

"We had a lot of good conversations 
by phone and email," says Kohlstedt. 

She's no Luddite, Kohlstedt says, but 
she approaches science and technology 
from a critical standpoint that she 
wanted to share with the Fast Forward 
audience. 

"I wanted to make people think more 
seriously about science and about our 
cul ture, which is preoccupied with 
technology and technological ad
vances," she says. "I also wanted people 
to think about technology in relation
ship to society because every technolo
gy has a different impact on the people 
who use it. What did each of these 
technologies change in society? There 
was a loss and a gain with each of these 
[communication innovations]. Finally, I 
wanted people to think about science 
policy. In our discussions, we always try 

to come back to the present." 
As she had hoped, the post-screening 

discussion about Modern Times shifted 
from Chaplin's career to a broader con
sideration of fi lm's relationship to soci
ety. Mitman's gentle but persistent 

BIGGER, FASTER, BETTER 
The men and women who literally invented the 20th century 

did not usually have much patience for history. They preferred 

the future to the past because, as one of them put it, that's 

where he would be spending the rest of his life. 

THE FUTURE ISN'T WHAT IT USED TO BE, AS SCIENCE FICTION 

writer Arthur C. Clarke was fond of saying. But then neither is 

the past. 

With the advantage of 20/20 hindsight, the defining features 

of the 20th century may not have been the Roaring Twenties, 

the Great Depression, the Woodstock Generation, and other 

events neatly pigeonholed by decades. Where on the timeline of 

the last century do we properly place the discoveries and inven

tions that did so much to change the lives of ordinary men and 

women? We take the material world around us so much for 

granted that we forget that plastics are as much a part of what 

makes the modern world modern as our literature. Ours may 

well be as much the age of plastics as the age of information. 
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Henry Ford is best remembered for dismissing history as 

" bunk." What everyone forgets is that Ford had a genuine ap

preciation for history, just not the kind of history he read about 

in school. " The only history that is worthwhile," he said, "is the 

history we make every day." He spent the last years of his life 

preserving that history, what we would now call the history of 

science and technology, in Greenfield Village, Michigan, where 

you can still see the Wright brothers' bicycle shop, Thomas Edi

son's original laboratory, and the automobiles, dynamos, sewing 

machines, and refrigerators that Ford thought had done as 

much to shape modern life as the textbook histories he'd read 

as a child. 

Everyone knows about the Seven Wonders of the ancient 

world, although almost no one can name more than one or two. 



questioning encouraged the group to 
think about how film both shapes and 
reflects the culture it portrays. 

"How have films shaped our expecta
tions of time and public life?" he asked. 

Many of those present were parents 
or grandparents, and they had much to 
say about film's influence on children. 

One father commented on the dispar
ity between the pace of real life and the 
computer-generated special effects in 
today's action films. "To watch action 
heroes walk away from computer-simu
lated 'disasters' give kids completely 
false expectations of what a person can 
survive," he complained. 

Mitman also turned the discussion to 
technical issues . He believes that 
today's quick-cutting style of film edit
ing has changed our perceptions of the 
real world as well as the pacing of 
movies. "I feel a lot more fragmented in 
life," he said. He sees an uncomfortable 
resemblance to daily life in the abrupt 
film transitions in the average "coming 
attraction" trailer. 

A retired industrial filmmaker in the 
audience described how film transitions 
have changed over time. "When I start
ed," he said, "the only [cinematic] tran-

But nearly everyone could come up with a list of their modern 

counterparts, and it 's hard to imagine that the Wright brothers' 

airplane, Henry Ford's Model T, Wa llace Carother's nylon, and 

David Sarnoff's radio would be absent from many lists. 

The ancient wonders- t he Great Pyramid , the Temple at 

Ephesus, the Colossus of Rhodes-were also engineering mar

vels, but what made them wonders was their uniqueness. It 

would take a lifetime to see them all. Their modern counter

parts-like nylon or the Model T- were wonders because t hey 

were available to virtually everyone. Ra dio and later television 

brought experience to you. The airplane brought you closer t o 

new experiences. While the heroic inventor and scienti st stil l 

mattered, so did the consumer, for with no one to buy and use 

them, modern marvels would just be some good ideas. 

In one sense, the modern world really is bigger and faster. At 

the same t ime, science and technology have made it possible 

to capture, preserve, and relive what had once been fleeting 

and fragmentary, so that the history of the 20th century can 

sitions were fade-ins and dissolves. A 
transition involved a major time se
quence. Then [in 1968] came The 

Thomas Crown Affair." 

After that blockbuster's use of split
second film cuts, no movie-not even 
an industrial training film-was ever 
the same again, he said. 

Not everyone present idealized the 
leisurely pace of so-year-old movies 
with extended single-camera se
quences. Steinwedel, who declared that 
she was probably the youngest person 
present, turned to her fellow audience 
members and asked, "Was life really as 
boring in those days as it seems in the 
old movies?" 

There was a sudden gasp from the 
rest of the audience, quickly followed 
by a burst of laughter. 

Like the series' other topics, this Fast 
Forward session was proving to be en
tertaining and provocative-just as its 
creators intended. Thanks to their Uni
versity and "the people's university," 
some regular folks were gaining fresh 
insights into the communications revo
lution that continues to transform mod

ern life. • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 

be retold in ways that previous generations could scarcely have 

imagined. We understand modern history in a new way because 

photography, film, recordings, and now digital imaging, give us 

new ways of seeing it. The media may or may not be the mes

sage, as Marshall Mcluhan suggested, but they certa inly do re

inforce the message that science and technology have trans

formed our wor ld. 

At the dawn of the last century, philosopher George San

tayana famously remarked that those who did not learn from 

history would be condemned to repeat it. Looking back, the key 

lesson of the 20th century may be that those who do not learn 

from history may not be able to repeat it. 

As the Fast Forward series so dramatically demonstrates, the 

20th century, for all its horrors (some of them, of course, a 

consequence of science and technology), was an odyssey of sci 

ence wh ich really did deliver on its promise of a wonderful li fe, 

at least for those who could afford it. • 

-Professor Stuart Leslie, Johns Hopkins University 
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ERSE AND PROSAIC, THE WORLD FACTBOOK 

has the stylistic flair of a grocery list. However, 

spare language often conveys grim tidings, and 

the U.S. government's annual geographical 

handbook is no exception. Under the heading "Environment

current issues, " the Factbook catalogs a sobering inventory of 

267 nations or regions and their environmental problems. 

Throughout the list, certain phrases recur like a bleak refrain: 

deforestation, soil erosion, freshwater scarcity, desertification, 

endangered species, and pollution of the air, soil, and water. 

National governments, international agencies, and environmen

tal organizations grapple with the social, economic, and political 

factors that contribute to these global environmental problems. 

On a smaller scale, ordinary citizens and local communities 

struggle to balance their individual preferences and immediate 

needs against the greater good and the long-term future . As 

difficult and troubling as this situation may be, not all the news 

is bad . Over the past half-century, the global system of environ

mental management has slowed the pace of deterioration . Indi

viduals are changing their consumption patterns to reflect their 

concern for the environment. Quietly and resolutely, scientists 

and engineers around the world are pursuing basic research on 

environmental issues and creating new technologies to improve 

and protect the environment. The Institute of Technology is 

home to many dedicated University researchers who have 

placed their ingenuity in service to the environment. Their con

tributions most certainly will make a difference in the effort to 

create a sustainable future. Perhaps the most important out

come of their work, however, is the renewal of another critical 

resource-hope . • 
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ENVIRONMENTAL 

An innovative IT 

laboratory course 

promotes environmental 

literacy among 
. . 

nonsc1ence maJors 

BY JUDY WOODWARD 
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EARLY 50 YEARS AGO, 
British scientist and novel
ist C.P. Snow delivered a 
famous lecture at Cam

bridge University-also published in 
book form-in which he warned of an 
alarming gulf between the scientific 
and literary cultures. The Two Cultures 
and the Scientific Revolution triggered a 
heated debate about what's since be
come a truism: Science and technology 
have a language and a culture that out
siders-even highly educated out
siders-often find impenetrable. 

Since Snow's 1959 lecture, the widen
ing chasm between scientists and non
scientists has produced one of today's 
most unsettling realities. The people 
who shape public policies involving sci
entific and technological issues-the of
ficials and administrators on whom the 
average citizen relies for enlightened 
leadership-often lack an adequate 
background in technical disciplines. 

Happily, an innovative laboratory 
course offered through IT is taking a 
step toward bridging the cultural gap. 
Launched in fall 1999, Environmental 
Issues and Solutions is the brainchild of 
the civil engineering department and 
the University's first environmental sci
ence laboratory class specifically target
ed at nonscience students. Professor 
Michael Semmens and Associate Pro
fessor Miki Hondzo are the course's in

structors. 
"Environmental literacy is important 

for everybody, but possibly it's even 
more important for nonscientists, since 

they [are more likely to] get into posi
tions where they set policy and are de
cision makers," says Semmens. In fact, 
he thinks there's a profound need for 
environmental literacy throughout so
ciety. 

'~bout three years ago, a survey was 
done that asked basic questions like 
'Where does energy come from? Where 
does waste go? ' The results were 
discouraging," he says. "For example, 
most people think that the bulk of our 
energy comes from hydropower. There's 
no reality [in answers like that]." 

Other motives prompted him to es
tablish the class, including a University
wide initiative to improve students' 
awareness of environmental issues. To 
satisfy prerequisites or college distribu
tion requirements, science majors and 
students from other disciplines often 
enroll in the same introductory science 
courses. Semmens wanted to offer non
science majors an alternative to these 
large classes. He estimates that enroll
ment in the environmental course aver
ages 40 to So students, a size that en
courages lively discussions. 

Civil engineering provides an excel
lent context for studying environmen
tal issues. Not only do civil engineers 
design and build sewage systems, says 
Semmens, but also "by default we got 
responsibility for what comes out of the 
ends of sewers, too." After the publica
tion in 1962 of Silent Spring-Rachel 
Carson's groundbreaking indictment of 
pesticide use-"civil engineering ex
panded to include man's impact on the 
environment," he says. 

Today, many civil engineering stu
dents choose the department's environ
mental science and engineering spe
cialization. Sixteen of the department's 
34 faculty teach courses and conduct 
research related to aquatic environ

ments. 
One of the course's greatest chal

lenges is the creation of realistic lab as-



SEMMENS, a professor of civil engineering, Incorporates field trips and lab assignments Into the course. 

signments for liberal arts students, who 
typically lack a strong mathematical 
background. The goal of each weekly 
three-hour lab session is to illustrate the 
concepts taught in lectures-in a very 
hands-on, comprehensible fashion. 

"For example, when we talk in class 
about environmental systems and feed
back, we're discussing how environ
mental systems self-correct and stabi
lize," says Semmens. "To rllustrate that 
idea in the lab, we use water-flow into 
cylinders in order to demonstrate how 
water levels will rise and outflow in
creases in such a system." 

For a professor accustomed to lectur
ing to engineering students, teaching 
liberal arts undergraduates produces a 
few surprises. "CLA students are differ
ent animals from the engineers I usual
ly teach," Semmens notes. For one 
thing, his custom of jotting a few rele-

vant figures on the blackboard prior to 
his lectures normally doesn't faze engi
neering students. It's a different story 
when he's teaching CLA undergrads. 
"You can hear people sucking in their 
breath [in shock] as the figures go up." 

Hondzo, who taught the course this 
past spring, says he sidesteps mathe
matical equations whenever possible 
and substitutes examples drawn from 
"real-life" physics. Rather than ask stu
dents to memorize Bernoulli's Equa
tion, for example, he illustrates the 
principles of fluid motion by discussing 
the behavior of shower curtains. 

"I explain that the reason the curtain 
tends to [sway towards] the person 
showering is because inside the shower, 
there's high [water] speed and low 
[air] pressure, while outside the show
er there's no speed and high pressure. 
Instead of writing the equation, you 

talk about the shower," he says. 
"It's been a pleasure teaching [a] di

versity of students," says Semmens, 
who hopes they gain a deeper under
standing of the environment and its 
complex interrelationships. 

Whenever possible, Semmens links 
the curriculum to issues that directly af
fect Minnesota and the students' lives. 
"I try to relate to current events. Ener
gy is a real issue in people's lives," he 
says. A discussion on hiking the gaso
line tax, for example, can draw even 
the most disengaged student into the 
fray. "It's easy to get people going on a 
discussion like that. The split is usually 
about so-so [between those who favor 
increasing the tax and those opposed]." 

In Hondzo's class the students debat
ed a familiar dilemma-the choice of 

SEE ABCs, PAGE 43 ~ 
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ROM STOCK MARKET 
reports to political polls to 
unemployment rates, sta
tistics dog citizens of the 

Information Age. Often manipulated to 
support a political or economic agenda, 
statistics numb the brain and elicit 
skepticism. Sometimes, however, statis
tics deliver a wake-up call that can jolt 
even the most somnolent couch potato 
into action. 

Consider the following statistic: The 
adult human breathes 3,000 gallons of 
air every day, while a child inhales pro
portionately more air per pound of 

body weight. Multiply that figure by the 
days in a life and factor in any vulnera
bility to respiratory or coronary dis
ease. Then take a deep breath and con
template the quality of the air you 
breathe, day in and day out. 

Place that information in the context 
of a world that's facing a litany of air
quality woes: smog and haze, toxic air 
pollutants, particulates, acid rain, 
ozone depletion, indoor air hazards, 
and global warming. 

From that sobering list, ponder a sin
gle instructive example: Over the past 
two decades, the world has seen a dra-

CLEARING 
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matic rise in the number of cars as well 
as passenger miles logged. In the U.S. 
alone, the number of passenger car 
miles increased 71 percent between 1970 

and 1999, while truck miles (including 
suvs) rose a staggering 225 percent dur
ing the same period. The combined 
emissions from millions of vehicles-fu
eled by the enormous popularity of gas
guzzling light trucks and suvs-are rais
ing the stakes in the effort to improve air 
quality in this country. 

This same period in history witnessed 
the emergence of the environmental 
movement in the U.S. and around the 
world, including the passage of land
mark air-quality legislation and stan
dards. But human behavior isn't always 
congruent with professed ideals and 
goals, and environmentalism is no ex
ception. One thing has remained a con
stant, however: the unrelenting world
wide effort to improve air quality 
through research. 

Local, national, and international or
ganizations are funding projects to 
study usage trends and the effects of 
certain chemicals and pollutants on air 
quality. Increasingly, corporations and 
manufacturers are searching for ways 
to make their products environmentally 
safe. Still, air-quality research remains 
largely the province of educational in-



stitutions, and the University is among 
the leaders in this effort. 

"The University has accomplished a 
lot in this area, and we've seen some of 
our research used to help protect the 
environment," says Robert Carr, profes
sor of chemical engineering and mate
rials science, who has conducted at
mospheric chemistry research at the 
University for over 25 years. "It's been 
an issue for a long time now, but there 
are always new problems. It's very im
portant for this research to be happen
ing now, and I think it always will be." 

We can all breathe a little easier 
knowing that dozens of University re
searchers are devoting their careers 
and expertise to solving air-quality 
problems. 

CFC ALTERNATIVES 

Developed during the 1930s, chlorinat
ed fluorocarbons (CFCs) made every
day life easier and more comfortable 
for nearly so years. These nontoxic, 
nonflammable compounds were used 
widely after World War II as refriger
ants, aerosol-spray propellants, foam
blowing agents, and solvents. 

During the 1970s, numerous scientif
ic studies reported that CFCs enhanced 
depletion of the stratospheric ozone 
layer, which protects living organisms 

from the sun's ultraviolet rays. In 1978 
the U.S., Canada, and a few European 
nations banned the use of CFCs in 
aerosol-spray dispensers. By the early 
1990s, after scientific measurements 
confirmed that ozone layer depletion 
was worse than anticipated, many 
countries around the world agreed to 
end production of CFCs by 1996. 

Now the quest is underway to find 
suitable alternatives to CFCs, and Carr's 
work is part of that effort. During his 
career he's seen the emergence of CFC 
alternatives, including compounds 
HCFC-14Ib, HFC-134a, and others. How
ever, he cautions, scientists still have 
much to learn about atmospheric 
chemistry and the effects of CFC re
placements. 

"We're learning more about the de
tails of this chemistry, but it's turning 
out to be very complex," he says. 

Most of his environmental research 
centers on ozone-depleting halogenat
ed compounds and less harmful alter
natives. (CFC molecules contain atoms 
of the halogen elements fluorine and 
chlorine, which is bonded directly to 
carbon.) These compounds enter the 
atmosphere after being used in con-

sumer goods like refrigerators, air con
ditioners, pillows, and many foam
based materials. 

Carr is studying oxidative degrada
tion-an atmospheric process that 
eliminates halogenated compounds
as well as the involvement of halo
genated peroxy radicals and halogenat
ed oxy radicals in this process. After 
researchers learn more about the mech
anisms of oxidative degradation, he 
says, they'll be able to develop im
proved CFC alternatives. 

"Once you can determine how these 
compounds are being depleted, you can 
trace where the chlorine and fluorine 
end up in the environment. It then be
comes easier to predict the environ
mental effects of new alternatives," 
Carr says. "That's a better solution, and 
that helps everybody." 

AEROSOLS 

Atmospheric aerosols include solid or 
liquid gas-borne particles that can orig
inate either from natural processes or 
pollution. Aerosol particles seriously 
threaten human health, especially that 
of children, the elderly, and people with 
respiratory diseases or heart disease. 

OLD REFRIGERATORS and air conditioners released ozone-depleting CFCs into the atmos· 

phere. The U.S. and other nations agreed to end CFC production by 1996. 
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The most worrisome particles are 
formed in the atmosphere by chemical 
transformation of gases such as sulfur 
dioxide, nitrogen oxides, and volatile 
organic compounds. Sources of these 
gases include vegetation, fuel-burning 
vehicles, and power plants. 

'1\tmospheric aerosols affect human 
health, global climate [through their di
rect and indirect impact on Earth's ra
diation balance], and other parts of the 
ecosystem," says Professor Peter Mc
Murry, head of the mechanical engi
neering department. "Our work is used 
in all of these areas." 

McMurry has spent the past 30 years 
studying aerosol formation in such sys
tems as the atmosphere, semiconductor 
processing equipment, and thermal 
plasma reactors. His work with the Na
tional Center for Atmospheric Research 
in Boulder, Colorado, has led to new in
sights about mechanisms that lead to 
the formation of new particles in the at
mosphere. This collaborative research 
has involved the development of new 
measurement tools, laboratory re
search, and participation in multi-in
vestigator atmospheric field programs. 

Field research has taken McMurry to 
the Rocky Mountains, Hawaii, the 
South Pole, and busy cities like Atlanta, 
where he achieved some striking re
sults. "We have shown that rates of par
ticle formation are often much greater 
thim those predicted by theories used 
in atmospheric models, [and] we are 
now trying to figure out why," he says. 

Among the significant variables that 
complicate the study of aerosol nucle
ation and systems is particle size. Mc
Murry and his colleagues recently de
veloped instrumentation that can 
measure the composition and proper
ties of particles as small as three 
nanometers. At this scale-shortly after 
particle nucleation-researchers expect 
to uncover important new insights into 
the formation mechanisms of atmos
pheric aerosol particles. 

McMurry has earned an international 
reputation for his work in aerosol 
instrumentation. Several devices and 
instruments he developed became in
dustry standards after their commer
cialization. 

"Looking at aerosols on the micro
physical level is very important," says 

KUEHN studies the discharge of cooking effluents and evaluates the effectiveness of com

mercial restaurant exhaust systems. 
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McMurry. "These measurements enable 
us to understand more quantitatively 
the properties and effects of atmos
pheric aerosols." 

COOKING EFFLUENTS 

The appetizing smells that lure hungry 
customers to their favorite steakhouses, 
burger joints, or fast-food restaurants 
mean bad news for the environment, 
says mechanical engineering professor 
Tom Kuehn. Those odors indicate that 
effluent particles-grease waste-are 
slipping through the filters of a restau
rant's exhaust system. 

"These are not clean effluents," says 
Kuehn. "Much more sophisticated de
signs of grease-removal systems are 
needed to eliminate them from the ex
haust stream." 

For the past five years, Kuehn and his 
colleagues have studied the discharge 
of cooking effluents and the effective
ness of commercial restaurant exhaust 
systems. Project sponsors included the 
American Society of Heating, Refriger
ating, and Air-Conditioning Engineers 
and a committee of industry represen
tatives. The researchers designed and 
built their testing facility from scratch, 
borrowing appliances and testing de
vices from all over the nation. 

The study produced some amazing 
results, according to Kuehn. "I think we 
have shown that some cooking process
es, such as broiling, generate several 
times more effluent than others, such 
as frying. The number concentration of 
small particles from broilers is tremen
dous, and these are the ones getting 
through." 

The study also measured the concen
tration and size distribution of grease 
particles in the thermal plume as well as 
the volumetric flow rate. Using that in
formation, designers will be able to cus
tomize exhaust systems for restaurants. 

The Environmental Protection Agency 
has always classified grease emissions 
as solid matter, but Kuehn's study 
proved that grease also exists in the 



vapor phase. 
The next step is to design more effi

cient grease-removal systems for exist
ing restaurants as well as systems that 
will meet the more stringent restaurant 
emissions standards set by many devel
oping communities. Kuehn will help de
velop these improved systems while 
continuing his efforts to develop a stan
dard method of testing the efficiency of 
filtration systems. 

INDOOR AIR QUALITY 

To mechanical engineering professor 
Jane Davidson, the acronym ESP has 
nothing to do with psychic phenomena. 

For the past decade, ESP-short for 
electrostatic precipitator-has been 
one focus of Davidson's studies on de
vices that maintain clean air inside 
homes, offices, cars, and planes. Her 
current ESP research stems from earlier 
work on the fluid mechanics of indus
trial precipitators. 

Beginning in the 1930s, large-scale 
ESPs were used to remove ash from the 
stacks of coal-burning power plants. 
After passage of the Clean Air Act, 
many electric utilities switched to coal 
with less sulfur and replaced ESPs with 
baghouses. However, ESPs continue to 
interest Davidson because the devices 
now are used to clean indoor air. 

Miniature versions of industrial ESPs 
remove harmful particles like dust or al
lergens as well as other indoor pollu
tants, including tobacco smoke. These 
ESPs range in size from small plug-ins 
sold at neighborhood discount retailers 
to larger devices installed in home heat
ing ducts, restaurants, and factories. 

"We're now focusing our studies on 
adapting these devices to residential 
use," says Davidson. 

Although indoor ESPs are highly ef
fective at removing tiny particles that 
are harmful to breathe, they must be 
carefully designed to minimize undesir
able chemical reactions in the air. ESPs 
rely on a highly reactive corona plasma 
discharge to electrically charge parti-

DAVIDSON is focusing her studies of electrostatic precipitators on adapting the devices for 

residential use. 

des. However, the corona also is re
sponsible for chemical reactions that 
produce ozone, a gas that causes respi
ratory illnesses and sometimes harms 
household furnishings. Davidson and 
her students have identified materials 
and operating conditions for ESPs that 
ensure the devices comply with Food 
and Drug Administration standards for 
ozone generation. 

Currently, she's studying other chem
ical reactions that can cause ESPs to 
stop working after a few weeks. When 
the corona comes in contact with sili
cone vapor in the air (from shampoo, 
lotions, and other personal care prod
ucts) , it triggers a complex series of re
actions that deposit silicon dioxide in
side the ESP. 

"We have shown that these deposits 
quench the corona plasma and prevent 
ESPs from collecting particles," says 
Davidson. "By studying the mecha
nisms for these reactions, we hope to 
identify operating conditions or designs 
that eliminate the problem." 

She says her ESP research findings 
will also apply to any device that relies 
on a corona discharge, such as laser 
printers and photocopiers. 

Davidson has recently expanded her 
research on indoor air quality to in
clude the control of harmful gases and 
vapors that come from building prod
ucts and household chemicals. She has 
received support from the National Sci
ence Foundation and the Department 
of Mechanical Engineering's Center for 
Filtration Research, a consortium of 
U.S. and international filtration compa
nies. She is exploring the use of acti
vated carbon filters to remove the hun
dreds of unpleasant or hazardous gases 
and vapors that are present in low con
centrations indoors. Although studying 
complex mixtures of gases at very low 
concentrations is extremely difficult, 
says Davidson, the research is impor
tant because most people spend 8o per
cent of their time indoors. 

"The collaboration with industry has 
been very important to the success of 
our research and has provided us with 
challenging research problems," says 
Davidson. "We hope it will result in bet
ter filtration systems for indoor spaces. 
The interest of many faculty as well as 
industry shows how important clean air 
is to our health and well-being." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 
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lated consequences. 
"There are so many forces and ef

fects going on [in the environment] 
that it's really hard to isolate things that 
correlate and say that they have causal
ity," says Zachariah. "The fact that two 
things correlate doesn't mean that one 
is caused by the other. They both may 
be caused by something else." 

PATROL 

All these unanswered questions have 
governmental agencies, environmental 
groups, scientists, and researchers striv
ing to fill the information gap. As more 
scientific data comes to light, air-quality 
standards are subject to revision. In 
1997 the U.S. Environmental Protection 
Agency (EPA) strengthened particulate 
matter air-quality standards for fine par
ticles (less than PM-2.5). A review of sci
entific data published since 1987, when 
particulate matter standards were last 
revised, showed that these smaller par
ticles are largely responsible for the 
health effects of greatest concern. 

AUGHT IN THE WAKE 
of a bus, car, or truck that's 
belching black exhaust, 
most people can't help but 

wince as they visualize the damage 
that's being done to the body's respira
tory system and the environment. 

But the sooty exhaust particles you 
can see aren't the most troublesome, 
says Michael Zachariah, associate pro
fessor of mechanical engineering. The 
truly dangerous particulates created by 
combustion sources are tiny, invisible, 
and extremely mobile. 

Zachariah and his research group are 
probing the chemistry of soot particles 
and developing measurement methods 
to study the kinds of surface chemistry 
that can occur on aerosol nanoparti
cles. Other faculty collaborators on the 
team include Jeffrey Roberts, associate 
professor of chemistry, and David Kit
telson, professor of mechanical engi
neering. 

Particulate matter (PM) refers to a 
mixture of solid particles and liquid 
droplets suspended in the air. Some 
particles are large enough to be clearly 
visible as soot or smoke; others are mi-
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croscopic in size, detectible only with 
an electron microscope. Fine particles 
(less than 2.5 micrometers in diameter 
or PM-2.5) generally originate from the 
burning of fossil fuels, power genera
tion, industrial facilities, and residen
tial fireplaces. 

To the naked eye, an engine or a 
power plant may appear to be "burning 
clean" yet could be emitting fine parti
cles that are transported very easily 
through the atmosphere, even over 
long distances. Particulates can also de
posit on the soil or into 
rivers or lakes. 

When inhaled, nanoparticles can 
evade the respiratory system's natural 
defenses, enter the lungs, and become 
trapped. According to the EPA, expo
sure to fine particles is most closely as
sociated with increased respiratory 
symptoms and disease, decreased lung 
function, and even premature death. 
The elderly, individuals with cardiopul
monary disease (including asthma), 
and children are especially vulnerable. 

Nanoparticles affect 
the chemistry and physics 
of the atmosphere, serv
ing as a medium for 
chemical reactions and 
acting as condensation 
nuclei for cloud forma
tion. But there's still a 
lack of definitive informa
tion about the nature and 
causes of these chemical 
reactions as well as the 
full extent of their envi-

measure chemical reactions on aerosol particles. 
ronmental and health-re-



Scientists don't yet understand the 
toxicological mechanisms that are trig
gered when aerosol nanoparticles enter 
the human body. "Are particulates 
themselves toxic, or are they simply 
media for carrying other things that are 
toxic? Do they sit in your lung and ac
crete from it?" asks Zachariah. "I don't 
think there's a clear answer." 

There's also an ongoing scientific de
bate about particulates and their rela
tionship to global warming. Depending 
on their composition, some particles 
may enhance global warming by ab
sorbing sunlight, while others act as a 
coolant by reflecting light. Particles 
may also be surrogate surfaces for 
chemical reactions. 

By studying the surface chemistry of 
soot formation, Zachariah hopes to 
learn either how to abate soot forma
tion or how to destroy it. The first ap
proach-designing systems that don't 
produce soot-has its limitations. 
"There's only so much engineering you 
can do to the automobile engine and 
still have it function efficiently in terms 
of carbon monoxide and a number of 
higher carbons," he says. 

Instead, the auto industry designed 
an after-treatment for the automobile 
engine-the catalytic converter, which 
abates carbon monoxide and nitrous 
oxide. 

"We're trying to learn more about 
the surface chemistry of soot so that we 
can give guidance to the after-treat
ment of soot," says Zachariah. He and 
his team have developed a new method 
of conducting surface chemistry on 
size-selected nanoparticles. Because 
the total amount of chemical reaction 
that occurs will be proportional to a 
particle's surface area, an accurate and 
useful qualitative measurement re
quires a uniform surface area. 

The researchers extract fresh soot 
particles of varied sizes that have been 
generated in a laminar diffusion flame 
or by a diesel engine. They electrostati
cally separate the particles by size, pro-

ducing a flow of nanoparticles with an 
identical surface area. Then they in
duce a chemical reaction on the select
ed particles and measure the reaction
induced change in particle size. Finally, 
they correlate the change in particle 
size to the kinetics of the oxidation 
process. 

"We can see how quickly you can ox
idize a particle away," says Zachariah. 
"We can get quantitative measures of 
that, and that [information] could be 
used to design some kind of abatement 
tool. That's our goal." 

Such a real-world application would 
lessen strong U.S. resistance to manu
facturing and driving automobiles with 
diesel engines. Because diesel engines 
are more fuel-efficient and produce less 
carbon dioxide, their widespread use 
could slow the buildup of greenhouse 

DIESEL 
DEVOTEES 

gases that enhance global warming. 
"From a health standpoint, we [in the 

U.S.] consider diesel a more environ
mentally dangerous technology. If we 
could reduce the amount of soot com
ing out of diesel engines, then you 
would see a lot more private automo
biles being run with diesel fuel. " 

The design of an abatement tool may 
be a long-term prospect, but Zachariah 
says the new measurement methods 
now in deve lopment will soon give ma
terials scientists as well as environmen
tal researchers new insights into the 
surface chemistry on particles. 

"We and others are developing ever
more precise measurements on parti
cles, which will help us move from the 
mostly qualitative picture we have today 
to a more quantitative one," he says. • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 

IN ITS QUEST TO CLEAN UP AUTO EMIS

sions, the automotive industry has found 

an ally in David Kittelson, professor of 

mechanical engineering and co-director 

of the Center for Diesel Research. Estab

lished in 1996 to serve the diesel engine, automotive, and alternative-fuel indus-

tries, the center has received national and international recognition from au

tomakers and environmental agencies. 

The center specializes in the chemical and physical char

acterization of exhaust emissions and the evaluation of 

emiss ion controls. Researchers also evaluate and demon

strate alternative fuels, certify on- and off-highway engines, 

and test control technology in the field. The center's state

of-the-art mobile laboratory measures on-highway particle exposures and charac

terizes the air that commuters and people living near highways breathe. Most of 

the tiny, nanometer-size particles found on and near roadways do not exist in the 

tailpipe of a vehicle but form as exhaust mixes with ambient air. Accurate charac

terization of this process requ ires field measurements. 

The center 's clients include American lsuzu Motors, Caterpillar, Cummins Diesel, 

Deutz Corporation, Donaldson Company, General Motors, and Volkswagen. Cur

rently the lab is work ing for the Coordinating Research Council to compare labo

ratory measurement of diesel exhaust particulate to real-world measurement of 

particle size distribution. 

"Our center focuses on cleaning diesel eng ines because they emit much less car

bon dioxide than comparable gasoline engines and are thus better global citizens," 

says Kittelson. " However, they have higher emissions of particulate mat ter and ox

ides of nitrogen-the emissions we're helping to characterize and control. The U.S. 

could dramat ically reduce its emissions of carbon dioxide if the engines in gas-guz

zling SUVs were replaced with modern, high-efficiency diesel engines." • 

-Jim Martyka 



Kristopher McNeill's 

aquatic chemistry 

research will reveal 

more details about the 

global carbon cycle 

BY CAROLYN WAVRIN 
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OLVING AN INTRICATE 
jigsaw puzzle hinges on 
the ability to see relation
ships, patience, and a pas

sionate conviction that each piece mat
ters . 

Those qualities also describe Kristo
pher McNeill, an assistant professor of 
chemistry whose research focuses on 
mechanistic aquatic chemistry-reac
tions that occur in water. Like other en
vironmental scientists, he has an un
flagging curiosity about how the world 
works and how the pieces of the envi
ronmental puzzle fit together. 

"I'm interested in what I think are the 
two most important ways the environ
ment has to clean itself," says McNeill. 
"One is photochemistry, and one is bio
chemistry." 

Photochemistry is a vital component 
of the global carbon cycle that sustains 
life on Earth. A finite supply of carbon 
exists in the earth and its atmosphere, 
so carbon (in the form of carbon diox
ide) must be continuously recycled 
through photosynthesis, respiration, 
and decomposition. In simplest terms, 
this recycling is the exchange of carbon 
dioxide between two great reservoirs, 
the atmosphere and biosphere. Howev
er, since the onset of the industrial age, 
human activities-especially the burn
ing of fossil fuels and forests-have in
creased the concentration of atmos
pheric carbon dioxide. That ongoing 
buildup has sparked worldwide con
cern about global warming and its 



long-term effect on Earth's climate. 
McNeill and his team are conducting 

several studies involving singlet oxy
gen, one of a family of compounds 
known as reactive oxygen species 
(ROS), which are formed when sun
light hits natural waters. A high-energy 
version of the oxygen we breathe, sin
glet oxygen can react more quickly 
with substances than normal ground
state oxygen. Singlet oxygen is formed 
through an energy-transfer reaction in
volving a photon (particle of light), a 
sensitizer, and ground-state oxygen. 

A short-lived species (their lifespan 
ranges from microseconds to perhaps 
an hour), ROS exist at very low con
centrations in sunlit waters. Despite 
their transience, these species may play 
a significant part in the global carbon 
cycle. They're thought to be very im
portant to the photochemical processes 
that degrade carbon-based compounds 
in aquatic systems. 

McNeill says his singlet oxygen stud
ies will reveal more details about the 
carbon cycle. To effectively model the 
cycle, he says, researchers must calcu
late how much carbon is sequestered 
by trees or through aquatic synthesis. 

"Those numbers are going to be off if 
they don't understand the intricacies of 
the cycle," he says. "Without under
standing this, we're not going to be 
able to model the fate of our planet 
very well." 

Although most of the carbon fixed by 
photosynthesis is returned to the at
mosphere through respiration, the 
process also yields biomolecules that 
resist degradation. Over time, these 
carbon-rich materials will settle out of 
the water column into the sediment at 
the bottom of a lake or river. In effect, 
they're removed from the respiration 
subcycle. 

"Right now, for our environment, this 
is a good thing, because we want to re
duce the atmospheric carbon dioxide," 
says McNeill. "This is a natural process 
that takes carbon from the atmosphere 

and puts it into something that is no 
longer cycling." 

Sometimes, however, these resistant 
materials are broken down by sunlight, 
consumed by microorganisms, and 
reinjected into the carbon cycle. Mc
Neill wants to learn how singlet oxygen 
and other reactive oxygen species abet 
this process. 

One of McNeill's current projects is 
designed to take the first direct meas
urements of singlet oxygen's concentra
tion in natural waters. Using materials 
that react selectively with singlet oxy
gen, the team will create molecular 
probes, bind them to a polymer, and 
place them directly in an aquatic sys
tem for a specified time. After removing 
the probes, the researchers will analyze 
the degree of reaction and singlet oxy
gen concentration. 

Another study will examine singlet 
oxygen's ability to react with humic 
substances-decayed organic matter 
such as leaf litter, plant matter, and 
decomposed organisms. Humic sub
stances are poorly recycled biopoly-

mers that consist largely of lignin, an 
organic molecule found in trees, vascu
lar plants, soil, and all natural waters. 

Singlet oxygen breaks down humic 
substances into bioavailable materials, 
but exactly how that occurs isn't clear. 
McNeill is creating models of humic 
substances and exposing them to ther
mally generated singlet oxygen to see 
what happens. 

"There already is some literature on 
this," he says, "so we have a pretty 
good idea of what to expect: cleavage 
of the carbon-carbon bonds in the 
lignin." 

Reactive oxygen species may also 
help degrade pharmaceutical com
pounds that humans add to the envi
ronment. Many of these compounds lit
erally go down the drain after human 
use and eventually end up in lakes and 
streams. 

"Natural waters are a sink for phar
maceutical compounds," says McNeill. 
"It's been identified as an emerging 

SEE LIFE CYCLE, PAGE 53 ... 

McNEILL AND HIS TEAM are developing singlet oxygen sensors that can take the first di
rect measurement of singlet oxygen's concentration in natural waters. 
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ORGET THE SAFETY 
glasses and the gloves
carpal tunnel syndrome is 
the most serious on-the-job 

hazard he ever faces, jokes computa
tional chemist Donald Truhlar. 

Foregoing Bunsen burners, flasks , 
and toxic substances, Truhlar instead 
uses supercomputers and highly spe
cialized software to analyze the proper
ties of chemicals in the environment 
and to predict the fate of contaminants. 

He's one of five University professors 
in the Minnesota Computational Chem
istry Group (MC'). The others are Pro
fessor Chris Cramer, Professor Jiali 
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Gao, Associate Professor Ilja Siepmann, 
and Assistant Professor Darrin York. As 

a group they're involved in a wide 
range of computational chemistry 
applications, including environmental 
chemistry. 

Their tools may differ, but computa
tional chemists share the same objec
tives as environmental chemists work
ing in research labs or in the field. They 
study the molecular properties of 
chemicals and seek to understand how 
chemicals react in the environment and 
affect biological systems, including the 
human body. Experiments are the pri
mary means of achieving these goals, 

but this route isn't always practical or 
even possible, says Gao. 

"Quite often it's difficult do experi
ments," he explains. "Some of the 
chemicals may be too toxic, and some
times the compounds are not visible or 
are unobtainable. Computational chem
istry is an alternative way-comple
mentary to experiments-using physical 
and chemical principles to understand 
and achieve those same goals but using 41 
computers to do so." 

The advent of high-speed computers 
that can manage huge amounts of data 
accelerated the growth of computation
al chemistry. Before then, says Truhlar, 
chemists could calculate the properties 
of very small isolated molecules, but 
the process was difficult. The molecules 
that interest environmental scientists 
present an even greater challenge be
cause they're large and enter very com
plex systems with multiple factors and 
variables. 

Computation becomes increasingly 
complicated and expensive as re
searchers try to simulate complex situ
ations more realistically. To obtain reli
able data for a given set of components 
at a very sophisticated level, they need 
to study many conformations of large 
systems. 

"The more [statistics] you sample, 
the better your answer will be," says 
Siepmann. "In most cases, it means that 
looking at ten or even a hundred con
formations will not be enough." The 
number of conformations that can play 
a role in chemical applications for com
plex systems is close to infinity, he adds. 

The researchers do many of their cal
culations on IBM and SGI supercomput
ers at the University's Supercomputing 



Institute. But it isn't just a matter of 
choosing the right software from a cat
alogue and then doing the calculations. 
The demands of an application often 
require the chemists to write software 
or modify existing software that's de
veloped elsewhere. Much of their time 
is spent developing new methods, for
mulating new theories, and customiz
ing software programs to implement 
the theories. 

Even with the aid of supercomputers, 
the calculations for a high-end applica
tion might take years to solve just one 
problem. In that sense, measuring 
chemical properties experimentally 
would be faster in cases where an ex
periment is possible, says Siepmann, 
but a simulation or calculation offers a 
significant advantage. 

"If you do the simulation you can re
ally see the interaction," he says. 
"Change a small thing, and you can see 
how the structure of [a] solution 
changes. Then you can do a rational 
improvement instead of simply trying 
things out. In some of these cases, even 
if the individual simulation is expen
sive, it will provide a lot more in
sight .... " 

A chemical that's released into the 
environment could enter soil or water, 
or it may end up in both systems. The 
transport and fate of an organic pollu
tant depends upon its soil-water parti
tioning, says Truhlar. He and Cramer 
have developed a novel technique 
using electronic structure calculations 
in solvent to predict soil-water parti
tioning of certain pesticides. By treat
ing soil as if it were a pseudo-solvent 
and then comparing it to aqueous sol
vent, they could determine the ratio of 
molecules in soil to those in water. This 
method doesn't require any experimen
tal data on similar compounds-a defi
nite advantage for researchers because 
so many potential contaminants exist 
for which there is no data . 

"Even more important," says Truhlar, 
"we can calculate which reactions 

occur in water and which of the various 
possible products the reaction would 
yield. These are different in water than 
in the gas phase. We can do much more 
accurate calculations of the fate of en
vironmental contaminants." 

Scientists have known for a long time 
that chlorinated hydrocarbons-car
cinogenic substances widely used as in
dustrial solvents-remain in the envi
ronment for a long time. Over the past 
30 to so years, bacteria developed and 
evolved to produce a set of enzymes 
called dehalogenases. In a chemical re
action these enzymes break down chlo
rinated hydrocarbons, thereby remov
ing them from the environment. 

However, these dehalogenases are 
not as efficient as enzymes that evolved 
over billions of years, says Gao. His 
team is using computers to model en
zymatic reactions and create artificial 
mutations in enzymes by changing 
their amino acids. The mutations could 
help the enzyme catalyze a reaction 
more quickly than the native enzyme. 

"There's a significant potential in 
terms of bioremediation if one can do 
computational studies to change the 
amino acids in the enzyme and find out 
if certain mutations can make the en
zyme more efficient," Gao says. "Exper-

imentalists can use [predictions] to de
sign and produce new enzymes to test 
the findings by computers," says Gao. 

Other research takes a different strat
egy: designing processes that won't pol
lute in the first place. Siepmann's group 
is working on an application that 
would aid the development of effective 
yet environmentally friendly dry-clean
ing solvents. 

Relatively volatile compounds, 
today's most popular dry-cleaning sol
vents move easily to the gas phase and 
enter the atmosphere, where they 
threaten the ozone layer. Finding re
placement solvents that strike the right 
balance between effectiveness and en
vironmental safety isn't easy, however. 

"You want relatively little [solvent] 
to go into the gas phase," says Siep
mann, "and you would like them to be 
relatively nonreactive even if they get 
to the gas phase." Solvents with those 
traits don't necessarily perform very 
well, he adds. 

One such compound being tested is a 
perfluorocarbon-based material similar 
to the nonstick coating on cooking 
utensils-but in liquid form. Chemists 
are hoping that the addition of co-

SEE COMPUTATION , PAGE 53 "' 

TRUHLAR AND CRAMER developed a novel technique uslnq electronic structure calculations 
in solvent to predict soil-water partitioning of certain pesticides. 
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Genetic engineering and 

renewable resources may 

yield a new crop of 

environmentally friendly 

and affordable plastics 

BY TRACEY WILSON 
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WITH PROMISE 
0 THE GRADUATE'S 

angst-ridden Benjamin 
Braddock, the watchword 
"plastics" neatly symbol

izes the bankrupt values of the older 
generation. To citizens worried about 
the environment, it's a terse indictment 
of a throwaway consumer culture that 
annually generates over 30 billion 
pounds of plastic debris in this country. 

To several IT researchers, however, 
the word "plastics" is an inspiration. 
They're melding a deep-seated concern 
for the environment with their scientif
ic creativity to develop biopolymers, a 
new kind of plastic derived from bio
logical sources. Their strategies may 
differ, but the goal is the same: the cre
ation of light, strong, and versatile 
plastics that are recyclable and 

biodegradable. 
"There is more than a glimmer of 

hope," says Friedrich Srienc, a profes
sor of chemical engineering and mate
rials science. "Mass manufacturers used 
to have no interest in biologically de
rived plastics, but now these biopoly
mers are beginning to look desirable 
for reasons other than their biodegrad
ability." 

Srienc is taking a new approach to 
the development of polyhydroxyalka
noates (PHAs), biopolymers that can 
be converted into biodegradable plas
tic goods. Unlike some biodegradable 
plastics that break down only under 
very specific circumstances, plastics 
created from PHAs can be biodegraded 
by a wide range of microorganisms. 

Bacteria and other microorganisms 



also play a critical role in the produc
tion of PHAs. Through a fermentation 
process, the bacteria convert carbohy
drates like simple sugars and starches 
from plants into PHA polymers. With 
the addition of certain other safe, 
biodegradable materials, PHAs become 
plastics with considerable commercial 
promise. 

"PHAS have a number of attributes 
that set them apart from other materi
als out there, and they're flexible 
enough and strong enough to be suit
able for a number of applications," 
says Srienc. 

Up to now, the production of bacter
ial PHAs has been too expensive to be 
commercially viable, but Srienc and his 
team are employing genetic engineer
ing techniques in an attempt to lower 
the cost. They transfer the genes that 
produce bacterial PHAs directly to 
plants in the hope that the plants will 
"grow" a finished polymer. Srienc is op
timistic about the procedure. 

"This genetic engineering has had a 
number of positive results, and once 
we are able to induce plants to create a 
finished biopolymer, rather than just 
using plants as the building block, we 
will be able to produce biodegradable, 
renewable plastics on a large scale," he 
says. 

Srienc predicts that in about ro years 
a number of industries will be making 
biodegradable plastics from PHAs and 
that both the environment and Min
nesota's economy will benefit. 

"Minnesota has a large ethanol in
dustry, and we have developed yeast 
strains that can produce PHAs inexpen
sively during the normal ethanol pro
duction process," he says. "The result 
could be stronger industries for Min
nesota and a better environment for us 
all." 

Mrinal Bhattacharya, a professor of 
biosystems and agricultural engineer
ing, is creating plastics from renewable 
resources, such as the protein found in 
cereal grains, plant starches, soybean 

oil, vegetable oil, and degradable syn
thetic polymer. 

"We have made a number of items 
from various renewable materials," 
says Bhattacharya. "With each new 
item we create, we see an increase in 
the plastic's strength and flexibility." 

Bhattacharya has achieved signifi
cant increases in the production rate. 
Over the last few years, he and his 
team have gone from making a few 
hundred pounds of plastic per hour to 
a few thousand pounds per hour. 

"We are very pleased with the in
creases we've had," he says, "but we 
still have to do more if we are to meet 
industry expectations." 

Cost continues to be the biggest hur
dle. Currently, renewable plastics cost 
about $r.so a pound, but commercial 
plastics cost as little as 30 cents a 
pound. 

"No one will mass-produce this plas
tic just because it is the right thing to 
do. It's not realistic," he says. "The 
economic incentive has to be there. 
Once we make the price competitive, 
everything else will fall into place." 

Bhattacharya says he's encouraged 

by prospects for 
biodegradable 
plastics in Eu
rope, where hefty 
fees are charged 
for nondegrad
able garbage. Eu
ropean legisla
tors are currently 
debating the clas
sification of bio
degradable plas
tics. If these plastics are classified as 
food waste-because of their ability to 
decompose-fees will be much cheap
er, and the demand for biodegradable 
plastics will be high. 

"That would be a huge boost for us," 
says Bhattacharya. "It would force in
dustries to take notice." 

He won't attempt to predict what the 
legislators will decide, but he is hope
ful. "I cannot commit to any timeta
bles, but I believe we will one day get 
to a place where biodegradable plastics 
will be used for their resilience and af
fordability in addition to their biode
gradability," he says. • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 

SRIENC has developed a new approach to creating PHA polymers that are strong, flex
ible, and suitable for a variety of applications {above). 
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TERRITORY 
Professor Shashi Shekhar 

is pioneering new spatial 

data mining methods for 

a project designed to 

predict nesting locations 

BY JIM MARTYKA 

SHEKHAR aims to uncover more rell · 

able and robust nesting patterns. 
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S URBAN SPRAWL AND 
real-estate development 
continue to escalate in 
Minnesota and all over the 

country, the goal of preserving habitats 
for endangered species becomes espe
cially challenging. 

Both sides in the tug-of-war between 
preservationists and developers offer 
passionate arguments to support their 
cause. Preservationists are opposed to 
disturbing any sites that may be a habi
tat for endangered species, especially if 
the areas are possible nesting grounds. 
Developers claim that too much land 
on development sites is preserved
land that isn't even used by wildlife. 
But developers, preservationists, and 
policymakers will find it difficult to 
reach informed decisions about land 
development without the aid of reli
able information on habitat patterns 
and characteristics. 

A joint effort by the Department of 
Ecology, Evolution, and Behavior and 
the Department of Computer Science 
and Engineering is taking a step to
ward filling that need. Shashi Shekhar, 
a professor of computer science and 
engineering, is developing a family of 
methods called spatial data mining to 
build models that can predict the nest
ing locations of red-winged blackbirds. 
Data for the models comes from sur
veys of red-winged blackbird nests in 
the Darr and Stubble marshlands, 
which are located on the shores of 
Lake Erie in Ohio. Researchers from 

the Department of Ecology, Evolution, 
and Behavior are conducting the sur
veys. 

The project benefits researchers 
from both departments. Ecologists are 
learning more about the habitat loca
tions of the birds they study, and com
puter scientists are breaking new 
ground by developing spatial data min
ing methods, the next generation of 
data mining technology. 

Shekhar, whose research has cen
tered on databases and geographic in
formation systems, says spatial data 
mining technology is critical to a num
ber of application domains, including 
public health and safety, m(obile)
commerce, climatology, transporta
tion, and national defense. 

"Key assumptions made by classical 
data mining techniques are invalid for 
many geo-spatial datasets," Shekhar 
says. "In these datasets, locational ac
curacy of prediction is as important as 
classification accuracy. Another com
mon assumption is that data samples 
are independent of each other, which 
contradicts the first law of geography: 
Everything is related to everything 
else, and nearby things are more relat
ed than distant things." 

Just as people with similar charac
teristics and backgrounds tend to clus
ter in the same neighborhoods, geo
spatial data has a propensity for 
autocorrelation, in which neighboring 
datasets affect each other systematical
ly. When applied to spatial datasets, 
classical data mining methods-which 
ignore autocorrelation-often produce 
results that are inaccurate or inconsis
tent with the data . 

Shekhar and his colleagues are eval
uating different models that incorpo
rate autocorrelation. They have com
pared diverse techniques from spatial 
statistics as well as image classification 



and developed scalable algorithms for 
them. 

"We are learning so much through 
spatial data mining, much more than 
we had discovered using classical data 
mining methods," Shekhar says. "It's 
given us a more complete way of look
ing at spatial datasets, and now the 
hope is that we can find some more re
liable and robust nesting patterns and 
habitat characteristics. For example, 
we've found that many of these birds 
prefer to nest closer to each other, on 
firm vegetation, close to the water, and 
away from predator entryways." 

The method has also increased clas

sification accura
cy by ro percent 
over the tradi
tional statistics 
method, which 
takes a signifi
cant step toward 
the researchers' 
ultimate goal of 
predicting the lo
cation of nesting 
grounds. 

"It's allowing 
us to look at all 
of the possible scenarios that could 
play out," says Anthony Starfield, a 
professor in the Department of Ecology, 
Evolution, and Behavior. "The hope is 
to satisfy the needs of preservationists 
and developers ." 

For now, Shekhar is continuing to pi
oneer spatial data mining techniques. 
Using the current method, the location 
accuracy of the nests is about so me
ters, but he wants to improve it to ro 
meters. 

"It's important research," he says. 
"We've found a new and more com
plete way to analyze spatial informa

tion." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 
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SAGE 
Bob Johnson counters a 

widely accepted geological 

theory with a controversial 

thesis of his own 

BY JOSH DICKEY 
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S FAR AS MANY GEO
logists are concerned, Bob 
Johnson might as well be 
saying Earth is flat. But the 

retired geology and geophysics profes
sor-whose mission has been to under
stand the climate mechanisms that 
make ice ages come and go-has a firm 
resolve: to debunk a theory that has al
most universal acceptance. 

In the early 1920s, Serbian scientist 
Milutin Milankovitch thought it was 
more than coincidental that glaciers 
melted during cycles when Earth's orbit 
allowed the planet to capture maximum 
sunlight. Milankovitch theorized that 
changes in ice volume were closely re
lated to fluctuations in the planet's or
bital geometry. A slight change in the 
tilt of Earth's rotational axis, a shift in 
the orbit's elliptical pattern, or orbital 
disturbances caused by the sun and 

planets can increase or decrease solar 
isolation (and temperatures on Earth). 

For many years, Milankovitch's theory 
was ignored in the United States; how
ever, new dating methods and ocean 
core samples indicate that major cycles 
of climatic change correlated with per
turbations in orbital geometry. 

"It's still a controversial theory; al
though most people have accepted it," 
Johnson says. "But we mavericks look 
around for exceptions to the theory to 
see what it tells us about climate 
change." 

For each of the past seven years, 
Johnson and his colleagues have spent a 
week to w days in Barbados, surveying 
rocks and corals for clues that tell them 
exactly when the seas rose and feU
and how far. Lower sea levels indicate 
higher levels of glaciation. 

"The bottom line on this effort," John-



son says, "is that you determine what 
happened 14o,ooo years ago, when con
ventional theories say there should have 
been maximum ice for another s,ooo 
years. Instead, sea levels show that 
deglaciation actually began 144,000 
years ago and was completed I37,ooo 
years ago." In fact, he says, data from 
his Barbados surveys indicate that sea 
levels were high enough to have flood
ed most of Florida. 

The results of Johnson's surveys are 
so controversial that it took much per
suasion and a sympathetic ear to get 
them published. His paper appears in 
the June IS issue of the Journal of Geo
physical Research. 

"I finally found a reviewer neutral 
enough to let it pass," he says. "But it's 
a pretty solid result, and it doesn't stand 
alone. There are many other indications 
in the geological record that there was 
something wrong with the theory at 
that time. But this was the most pre
cisely dated, so it's a sure-fire result-if 
you believe the evidence, which most 
people would if they looked at it hard 
enough." 

Johnson encountered even more re
sistance when he proposed a theory 
based on his research. "The reviewers 
wouldn't accept the proposed explana
tion, which is extremely frustrating be
cause to me the reason things happen is 
at least as important as that they hap
pen," he says. 

According to Johnson's theory, the 
glaciers eventually caused their own de
mise. The ice age that predated the 
anomalous deglaciation was especially 
severe. The ice cover on Europe and 
Asia was very large and widespread
enough to block the rivers that normal
ly flowed to the Arctic Ocean. These icy
cold rivers backed up and pooled in 
western Siberia, overflowed to fill the 
Aral and Caspian seas, and continued 
flowing into the Black Sea. From there 
the water finally surged into the 
Mediterranean Sea. 

A massive layer of fresh water now 

overlaid the Mediterranean, which nor
mally funnels salinity into the Atlantic 
Ocean. But with the flow of salt cut off 
and water temperatures off-kilter, the 
storms that usually fed the glaciers in 
Europe took a different path. 

"So we have direct sunlight and no 
snow, [a situation] that converted the 
mode of glaciation from one of stable 
glaciation to one of deglaciation," says 
Johnson. "My calculations say the effect 
was more than enough to do the job." 
He estimates that these conditions per
sisted for about 6,ooo years until the ice 
retreated in Siberia and Eastern Europe. 

Johnson acknowledges the strong re
lationship between sunlight and glacia
tion cycles, but he's still not convinced 
that Milankovitch's theory merits ac
ceptance. "Yes, the fluctuations corre
late with increased summer sunlight en
ergy, but just because they correlate 
doesn't mean it's the cause," he says. 

He's now writing a book entitled Un

locking the Secrets of the Ice Ages, in 
which he devotes a chapter to this peri
od of deglaciation. He'll also discuss 
current environmental changes that 
may lead to major new glaciation in 
Canada within the next few decades. 

The Mediterranean Sea is a key agent 
in this cycle, according to Johnson. Dur
ing periods of strong monsoon activity 
in Africa, increased water flow from the 
Nile River decreases the salinity of the 
Mediterranean Sea. In turn, the salty 
outflow from the Mediterranean affects 
circulation in the Atlantic. 

"Right now, during a period of weak 
monsoons, salinity of the Mediter
ranean goes up and flows into the North 
Atlantic, which increases the amount of 
deep water forming-it's a critical 
thing," he says. "You tend to feed the 
glaciers under a saltier Mediterranean 
outflow." 

Johnson admits that his theory has 
yet to win the acceptance of any major 
scientific journal. "But it does seem to 
explain the correlations that occur be
tween deglaciation and orbital effects," 
he says. 

"It's not a matter of warming the cli
mate up and melting the ice away; it's a 
matter of indirectly taking away the 
moisture supply that keeps the ice 
sheets healthy. This allows the stronger 
summer sunlight to melt the ice away. 
It's a nice, consistent picture." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 

HIS RESEARCH convinced Johnson that the glaciers caused their own demise. 
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NDER THE STARK GLOW 
of fluorescent ceiling 
lights, the large black 
metal cylinder drones like 

some prehistoric beast as ancient sedi-
ment passes through a six-foot tube 
into its gaping maw. 

The giant contraption with the girth 
of a mature elm is a cryogenic magne
tometer, a device that can measure the 
magnetism of a pinch of dust. Its diet of 
prehistoric dust and rock divulges 
amazing clues to climatic conditions on 
Earth hundreds of thousands of years 
ago. 

The magnetometer is just one tool in 
a collection of sophisticated equipment 
at the Institute for Rock Magnetism, a 
research center in the Newton Horace 
Winchell School of Earth Sciences. Es
tablished in 1990 by the University, the 
National Science Foundation, and the 
Keck Foundation, the institute provides 
state-of-the-art facilities and technical 
expertise free to visiting research fel
lows from around the globe. 

Researchers at the institute seek to 
understand Earth's climatological his
tory by measuring and analyzing the 
magnetism of core samples taken from 
high plateaus, deep ocean floors, and 
elsewhere on the earth. Micrograms of 
magnetite, a type of magnetic iron 
mineral found in these samples, con
tains the most distinct climatological 
"fingerprints." 

With this data, researchers some
times can assemble a vivid portrait of 
climatic conditions in the remote past: 
wind direction in the Midwest before 
the last ice age or the amount of rain
fall collected in the Huang-He (Yellow 
River) Basin Ioo,ooo years ago. They 
can indicate Alaska's average tempera
tures when humans first crossed over 
the land bridges from Asia to North 
America. 

The researchers also are searching 
through the data for portents of climat
ic changes. "We need to know not only 
when these things happened but [if] 



there were any telltale signs before 
these changes that [indicate] this is 're
ally it,"' says geology and geophysics 
professor Subir Banerjee, the institute's 
director. "I usually draw an analogy to 
the stock market. Right now, every
body's waiting for it to go back up, and, 
as you know, everybody has various 
theories about how to recognize the 
point in time when that will happen. 
With climate, it's really the same." 

However, predicting the long-term 
future of Earth's climate is a dicey busi
ness because contributory factors do 
change over time. For instance, says 
Banerjee, some people aren't worried 
about global warming because they be
lieve that a coming ice age-due in 
about ten thousand years-will offset 
its consequences. 

"The problem is that we can destabi
lize the system and make it so hot that 
the old systems that used to bring 

RESEARCHER France Laqrolx feeds samples 

Into the cryoqenlc maqnetometer. 

things down won't work the same way," 
he says. 

Wild-card factors also can skew re
search studies. Scientists who analyze 
magnetite samples now know that cer
tain bacteria in the samples have a vo
racious appetite for iron. By increasing 
or reducing the amount of magnetite, 
the bacteria could distort research data 
and jeopardize a study's usefulness. 
Banerjee has turned to his colleagues in 
microbiology to help him untangle the 
mystery of these tiny "bugs." 

"I have microbiologists getting in
volved with the microbe question," 
Banerjee says. "In geology, we used to 
be fundamentalists, but every time you 
put a few bugs in, they totally change 
the thermodynamic predictions. Now 
we are beginning to find that the pres
ence of bacteria may be most important 
to our study." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 
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HEN THE SPRING MELT 
transforms the Mississippi 
River at St. Anthony Falls 
into a boiling torrent, even 

the most die-hard urbanites stop to pay 
homage to the power of water. Here, in 
the shadow of downtown Minneapolis, 
people of all ages line the graceful 
curve of the Stone Arch Bridge to 
watch the river surge over the dam and 
feel its thunder in their bones. En
veloped in the falls ' misty veil, they 
stand in awe of water's primal force. 

Tucked away at the head of the falls 
stands a structure whose utilitarian ex
terior belies its inner vitality and 
world-renowned reputation for engi
neering and environmental research. 
But the location of the St. Anthony 
Falls Laboratory is a perfect symbol of 
its history and dynamic mission. 

"What makes this laboratory so spe
cial is the impact it's had on water-re
lated problems all over the world," says 
Efi Foufoula-Georgiou, professor of 
civil engineering and the laboratory's 
director. 

For more than 6o years, lab re
searchers have dedicated their efforts 
to solving major problems in hydraulic 
engineering and water resources . Early 
research included model studies for 
some of the largest engineering feats of 
the last century, including Mangla Dam 
in Pakistan, the Priest Rapids and 
Wanapum dams on the Columbia River, 
and Guri Dam in Venezuela. Now that 
the era of dam building has been sup
planted in the last decade by dam re
moval, restoration, and environmental 
concerns, the lab's leadership role has 
continued with pioneering contribu
tions to basic and applied research in 
ecohydrology and floodplain analysis, 
water-quality dynamics, turbulence re
actions with biota, biosediment dy
namics, land-atmosphere interactions, 
and landscape-seascape processes. 

"The focus of the lab has expanded 
over the years," Foufoula-Georgiou 
says. "It started with hydraulics and 



mainly water-related research. Over 
the past two decades, it has been at the 
forefront of interdisciplinary research 
on water and its interaction with the 
environment in many ways and on 
many scales, from stream habitat to the 
evolution of landscapes." 

A teaching and research facility of 
the Department of Civil Engineering, 
the laboratory was completed in 1938. 
Its unique location allows researchers 
to divert water from the Mississippi 
River to supply its research facilities; 
it's the only lab in the world where the 
river really does "run through it." To 
exploit the falls' natural power, virtual
ly all of the space used for experimen
tal purposes lies below headwater 
level. Water is drawn into the laborato
ry through an intake structure to a 
large supply flume (at a flow rate of up 
to 300 cubic feet per second) and dis
tributed throughout the experimental 
facilities by a number of offtakes and 
penstocks. After passing through a re
search area, the water is returned to 
the Mississippi's lower pool. 

The laboratory boasts one of the 
world's largest (6 feet by 9 feet by 275 
feet) experimental channels, a 9-foot 
aquatic tank for submarine flow exper
iments, model basins, and a boundary 
layer wind tunnel with a so-square-foot 
test section. The latest addition is the 
experimental EarthScape facility, a 40-
foot by 2o-foot basin with a program
mable moving floor that can simulate 
the evolution of a mountain range or a 
continental margin. 

LAND-ATMOSPHERE INTERACTIONS 

The opportunity to pursue his research 
interests at the lab strongly influenced 
Assistant Professor Fernando Porte
Agel's decision to join the University's 
civil engineering faculty a year ago. 

"It has a collection of experimental 
facilities that cannot be found any
where else, and the working atmos
phere-the collaboration and the team 
spirit-is great," says Porte-Agel, who 

studies land-atmosphere dynamics and 
their effects on weather, climate, and 
air pollution. 

His research relies heavily on numer
ical simulations, for which he and his 
graduate students use the Minnesota 
Supercomputing Institute and other 
computational facilities. The biggest 
challenge he faces is the integration of 
various experimental designs with dif
ferent modeling techniques. "The lab 
provides a perfect environment for 
that," he says. "It's helped in the devel
opment of improved, physically more 
realistic numerical models to forecast 
weather, climate, and air pollution." 

For their experimental work in the 
field, Porte-Agel and his team use mul
tiple fast-response sensors to study dif
ferent characteristics of turbulence 
transport in the atmosphere. They use 
the wind tunnel to probe wind-related 
engineering and environmental issues 
such as air pollution dispersion, wind 
erosion, and wind effects on structures. 

Porte-Agel values the strong collabo
rative spirit among his colleagues. 
"[The lab] has a team of international
ly renowned researchers with a variety 

of interests on different aspects of envi
ronmental fluid mechanics," he says. 
"Strong collaborative efforts are contin
uously taking place, and that leads to 
very original interdisciplinary re
search." 

ENVIRONMENTAL AND 

BIOCHEMICAL SYSTEMS 

Associate Professor Miki Hondzo's 
long-term research goal is to under
stand and predict how environmental 
fluid dynamics affect biochemical 
processes in lakes, rivers, and coastal 
oceans-a complex undertaking. In one 
sense, he's literally beginning at the 
bottom: the benthic layer of lakes. 

Hondzo is studying a process called 
benthic boundary mixing, in which tur
bulence in the benthic layer affects nu
trient and heavy-metal transport up the 
sloping sides of a stratified lake. The 
project also examines the impact of tur
bulent boundary layers on phyloplank
ton growth and biochemical oxygen de
mand in lakes and streams. 

"It's part of the overall plan to under
stand the physical processes that gov
ern water qualities in larger bodies of 

HON DZO (right) and research assistant Hong Wang analyze materials at the St. Anthony 
Falls Laboratory. 
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PORTE-AGEL says the chance to pursue research at the St. Anthony Falls Laboratory strongly influenced his decision to join the University faculty. 

water," Hondzo says. "And we're doing 
it on a microscopic level." 

In the lab, researchers model lake 
stratification by adjusting salt levels in 
a ro-meter tank of water. This proce
dure mimics the effect of temperature 
in a natural lake. With the aid of lasers 
and oxygen probes they can observe 
the results at a microscopic level. 

Hondzo and his team also conduct 
field experiments on several Minnesota 
lakes. Here they use one of the lab's 
most unique tools, a miniature sub 
equipped with a main computer and 
several small probes that can gather 
about roo samples per second from the 
lake bottom. 

Hondzo, who joined the civil engi
neering faculty two years ago, says he's 
been interested in the field since writ
ing his Ph.D. thesis on water-quality 
problems in lakes. He's also evaluating 
ecosystem indicators for urbanizing 
Midwestern watersheds, studying the 
influence of small-scale fluid motion on 
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the formation and life of algae, and an
alyzing oxygen demand in lakes. 

He says that an interdisciplinary ap
proach has become the driving force 
behind all his work. 

"In the past, we would have just stud
ied a piece. Biologists would have stud
ied the life in the region, turbulence ex
perts would have studied mixing, and 
chemists would have studied the chem
ical effects," he says. "Now we're trying 
to study it all and see how all of it af
fects each other because that is reality. 
That is what happens in these bodies of 
water every day." 

LAKE AND RIVER 

WATER-QUALITY DYNAMICS 

Two decades of environmental research 
have reinforced Professor Heinz Ste
fan's regard for nature's complexity. 

"There are so many relationships in 
nature, especially in environments like 
lakes and rivers, that it is important to 
understand what things affect them 

and how," says Stefan, who directs the 
lab's research on the intricate dynamics 
of water quality in lakes and rivers. 

Experience has also taught him to 
take the long view. "This is research to 
save the environment," he says, "but 
first we have to understand exactly 
what's happening here." 

Factors that influence water quality 
and aquatic habitat include physical 
and biological processes, chemical reac
tions, and accidental or intentional 
human actions. Stefan has spent the 
past few years studying the effects of 
climate change and eutrophication on 
fish habitats. Eutrophication, the exces
sive growth of aquatic plants, can trans
form a lake, river, or stream into an un
desirable or even deadly habitat for fish 
and make the water unfit for human 
consumption. 

"It's a matter of looking at the bigger 
picture and seeing everything that has 
an effect on eutrophication," Stefan 
says. "Once we see that, then it will be 



easier to look at abatement." 
His research has involved consider

able fieldwork in Minnesota and the 
development of models that simulate 
conditions in lakes and rivers, includ
ing year-round temperature, concen
trations of phytoplankton, dissolved 
oxygen, and nutrient levels. 

"We're not looking not just at the 
causes," Stefan says. "Eutrophication 
and climate are just a part. We're also 
looking at what will happen to these 
bodies of water as the water level 
changes, as the flow changes. All of 
these things influence each other." 

THE FUTURE 

Foufoula-Georgiou envisions an in
creasing demand for the lab's teaching 
and research. To meet that need, she'd 
like to see the physical plant modern
ized with a fiber-optics connection and 
updated equipment and experimental 
space. "It just needs a bit of a facelift," 
she says, "but the main goal is to grow." 

To that end, lab officials are working 
to establish a larger center that would 
provide additional services and chal
lenging new opportunities. The pro
posed National Center for Landscape 
Dynamics would open up the St. 
Anthony Falls Laboratory to more 
workshops, visits, graduate study, in
terdisciplinary experiments, and more 
international work. It would also in
volve the lab in an intensive collabora
tion with ecologists to work on the dy
namics of the "living landscape." Lab 
officials have submitted a Science and 
Technology Center proposal to the Na
tional Science Foundation, whose ini
tial response has been positive, accord
ing to Foufoula-Georgiou. 

"This wouldn't just be for the Univer
sity," she says. "It would be a place 
where people from all over the world 
would come to work on how our plan
et's surface is shaped and on how we 
can best manage it. After all, this is 
where we live." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 
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paper or plastic grocery bags. Many students proposed a third alternative: shop
pers bringing their own cotton bags. 

English major Joseph Coughlin took the class during his first semester at the 
University. "I knew I was uninterested in a full-blown science course like physics 
or chemistry," he says, "and since CLA requires two science courses, I was happy 
to take a class that met the needs of the college but still catered to the interests 
that I had." 

Coughlin, who considers field trips to water-treatment plants and garbage dis
posal sites a highlight of the semester, says he'd definitely take the class again. 

Senior Dan Vasatkam, an applied economics major, also gained an appreciation 
for wastewater management. After conducting lab experiments with wastewater 
and visiting treatment plants on field trips, he has a deepened appreciation for 
"what happens when you flush something down the drain. You usually don't think 
about things like that or the effort involved [in processing sewage]." 

Andrea Belka, who plans to graduate in 2004 with a major in natural resources 
and environmental studies, says the class helped her decide on a major. "I've al
ways been really interested in environmental issues ... , [and] my passion for envi
ronmental protection and restoration [was] fueled by what I learned in class." 

Sophomore Martha Weir is majoring in Scandinavian languages and Finnish as 
well as film studies. She enjoyed the major class assignment-building a web site 
devoted to the environment. "I thought it was a great idea to teach us web site 
skills rather than have us sit down and write a paper .... Our research is now ac
tually out there on the Web, where people can see it and interact with it." 

Economics major Melissa Albert took the course last fall. She says the class 
taught her that the economic cost of conservation is "do-able" and thinks it should 
be required study for politicians. 

"Now I think more about what I can do [for the environment]," she says, "rather 
than just thinking [that pollution and environmental problems] are the way it is." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 

STUDENTS IN THE COURSE work closely with Semmens and other faculty members. 
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Minnesota-land of 

11,842 lakes, birthplace 

of the mighty Mississippi, 

and craggy western 

border of Lake Superior

is also a reservoir of 

world-class aquatic 

research 

BY JIM MARTYKA 
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HEN THE APOLLO 11 AS
tronauts returned from 
their historic 1969 moon 
landing, they brought with 

them a stunning photodocumentary of 
their voyage. Among the most breath
taking images is that of an Earthrise as 
seen from the moon. In that photo, the 
dominant blues and aquas of Earth's 
palette quench any possible doubt that 
we inhabit a watery planet. 

These abundant waters-70 percent 
of Earth's surface area-distinguish it 
from all other planets in our solar sys
tem and make life on Earth possible. 
Water-or the lack of it-controls the 
destinies of all living organisms. "Ma-

trix of all the world and of all its crea
tures," declared r6th-century physician 
Paracelsus in elegant homage to water's 
primacy. 

Earth's total water supply is 326 mil
lion cubic miles, but 99-7 percent of 
this water (the oceans, seas, atmos
pheric water, and ice) is unusable by 
human beings. Groundwater, rivers, 
and lakes account for most of the re
mainder-in sum, less than one per
cent of Earth's total water supply. 

In much of the world, water is taken 
for granted . A burgeoning world popu
lation, pollution, certain agricultural 
practices, and chronic overuse are just 
some of the major stressors that threat-



en the water supply. No nation is ex
empt from these challenges. According 
to the U.S. Environmental Protection 
Agency, one in 10 Americans uses a 
drinking-water supply that doesn't 
meet environmental standards. 

Dedicated people all over the world 
are working to solve these problems 
through education, activism, govern
ment regulation, lifestyle changes, sus
tainable agriculture, and environmen
tally sound industrial practices. To be 
effective and lasting, however, these ef
forts must be grounded in scientific re
search. Just as science and technology 
gave us those first awe-inspiring photos 
of Earth taken from space, they will 
also provide the knowledge and appli
cations to help us preserve its life-sus
taining waters. 

Minnesota-land of u,842 lakes, 
birthplace of the mighty Mississippi, 
and craggy western border of Lake Su
perior-is also a reservoir of world
class aquatic research. Institute of Tech
nology faculty, researchers, and 
students are involved in a wide range 
of related studies, from water quality 
and hydrology to water-resources engi
neering and the biochemistry of aquat
ic systems. Here is just a sampling of 
the work that is being done. 

MAPPING THE MESABI 

For more than roo years, northeastern 
Minnesota's famous Mesabi Range has 
lured geologists to the rolling hills that 
once contained some of the world's 
richest iron-ore deposits. Beginning in 
the late 19th century, the discovery of 
ore in the Mesabi Range-and in the 
neighboring Cuyuna and Vermilion 
ranges-generated a mining industry 
that has shaped the region's economy, 
history, politics, and way of life ever 
since. 

Although the area's highest-grade ore 
deposits were depleted by the r9sos, 
advances in technology made it possi
ble to extract iron from a low-grade ore 
called taconite (most notably, the work 

of E.W Davis, director of the Universi
ty's Mines Experiment Station from 
I9I8-I9SI). Today, only the Mesabi 
Range still produces taconite and iron 
ore. 

Now, a group of University geologists 
in the Newton Horace Winchell School 
of Earth Sciences is working to protect 
another of the range's vital resources. 
Mark Jirsa, Dale Setterholm, and Bruce 
Bloomgren of the Minnesota Geological 
Survey have created two maps of the 
range's geology and hydrology. One 
map shows the thickness of glacial de
posits on the range, and the other illus
trates the topography of the bedrock 
surface underlying the deposits. The 
bedrock surface is considered an im
portant hydrologic boundary. The maps 
will be used to model groundwater 
flow and improve water-resources 
management. 

"The Mesabi has had an ecological 
and economic importance to the com
munity for so long, and that's not going 
to change," says Jirsa, an expert in Pre
cambrian and structural geology. "We 
want to help use the resources in the 
best way." 

However, achieving that goal will be 

difficult without updated maps. Wide
spread mining altered the region's 
groundwater flow significantly, so the 
team pored over mining and drilling 
records dating from the early 1900s. 
Using these records and specialized 
computer software, they generated a 
basic map and then added contour 
lines until they were confident they'd 
achieved an accurate representation. 
Much of the mapping was done by 
hand, a practice that's becoming in
creasingly rare in the field. 

"In areas of sparse, irregularly spaced 
data, a geologist's knowledge can fill in 
the blanks," says Setterholm, a special
ist in Mesozoic stratigraphy. "The geol
ogist can recognize key values that 
make a big difference in the contours." 

Mapping the range wasn't easy, how
ever. The geologists identified more 
than 140 square miles of land that had 
been modified by mines, stockpiles, 
dumps, and waste rock. The old min
ing maps proved to be a mixed blessing 
because some of the information was 
outdated and other data had been en
coded. 

"There have been so many compa
nies that have drilled or done [related 

DECADES OF EXTENSIVE IRON MINING significantly changed groundwater flow in the 
Mesabi Range. 
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POLLUTION, OVERPOPULATION, certain aqricultural practices, and chronic overuse are 

major stressors that threaten the world's water supply. 
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business] in the region," says Jirsa. "In 
the old days, they didn't communicate 
so well with each other for competi
tion's sake, and all the records from the 
different companies use different cod
ing. It's been difficult to try and under
stand it all." 

But obtaining relevant information 
from present-day companies was easy. 
Changes in industrial activities can af
fect groundwater and surface-water 
flow, say the geologists, and their study 
can help Mesabi Range industries and 
communities improve management of 
this precious resource. 

"Both the data we have gathered and 
the maps we have created are signifi
cant contributions to solving the imme
diate problem-which is water man
agement on the western part of the 
Mesabi Range-and to the base of geo
logic and hydrologic knowledge about 
the area," says Setterholm. "It is likely 
that other researchers will continue to 
build on these efforts." 

LITTLE FLOW IN THE PRAIRIE 

There's trouble brewing in the Prairie 
du Chien-Jordan aquifer system, the 
underground geological formations 
from which many communities and 
farms in southeastern Minnesota draw 
their water supplies. Groundwater in 
the Prairie du Chien Group, which con
sists mainly of highly permeable frac
tured bedrock, is especially susceptible 
to contamination from agricultural 
chemicals, landfills, sewage treatment 
plants, and other sources. The Min
nesota Pollution Control Agency 
(MPCA) already has documented sever
al polluted sites in the region and is in
vestigating others for possible contami
nation. Area officials and researchers 
worry that more incidents of ground
water contamination in the aquifer are 
likely. 

Despite the aquifer's vulnerability to 
contamination and its importance as a 
water resource, there's a surprising lack 
of information about its hydrogeologic 



properties, says Bob Tipping, who spe
cializes in the hydrochemistry and hy
drogeology of fractured bedrock. Tip
ping and Tony Runkel, researchers with 
the Minnesota Geological Survey, have 
nearly completed a two-year character
ization study of groundwater flow in 
the Prairie du Chien Formation. The 
study received funding from the Envi
ronmental Trust Fund through the Leg
islative Commission on Minnesota Re
sources. 

"We hope to learn some basic infor
mation about groundwater flow in the 
Prairie du Chien, which is surprisingly 
lacking, given its widespread use," Tip
ping says. "Then, hopefully, we can pro
tect [susceptible] areas as well as the 
groundwater supply in general." 

Worldwide, groundwater provides 
the largest reserve of drinkable water 
in areas where human beings can live. 
According to the U.S. Geological Sur
vey, groundwater furnishes half of all 
drinking water for the nation's total 
population and 99 percent of drinking 
water for the rural population. The sin
gle largest use of groundwater is for 
crop irrigation. 

During rainfall, some of the water en
ters streams or lakes, while another 
portion will evaporate and return to the 
atmosphere. Plants absorb some of the 
water that falls to the ground, 
while the remainder sinks into 
the spaces between particles of 
soil, sand, and rock. 

Gradually the water col
lects in permeable under
ground formations called 
aquifers, which store and yield 
water. Aquifers usually consist of lay
ered porous materials with large con
nected spaces-soil, gravel, sand, sand
stone, or fractured and partly 
dissolved rock like lime-
stone-that permit the 
flow of groundwater. 
Water from aquifers ap-
pears at the surface nat-
urally as springs and 

artesian wells or flows into lakes and 
streams. Groundwater is also pumped 
to the surface from wells drilled into an 
aquifer. 

If the area above an aquifer is highly 
permeable, then surface pollutants can 
seep into the groundwater and contam
inate it. Contaminated groundwater 
can move through the aquifer to wells, 
municipal water supplies, and lakes 
and streams. 

According to the MPCA, the region 
dependent on the Prairie du Chien 
aquifer is vulnerable to groundwater 
contamination. Nitrate levels in some 
rural drinking-water supplies exceed 
safety standards because runoff from 
agricultural fertilizers has entered the 
groundwater. More populated areas, in
cluding Rochester and the Twin Cities, 
also face the threat of groundwater 
contamination. 

Documented sites of contamination 
in the region include a former landfill 
in northern Olmsted 
County, the inactive 
Twin Cities Army 
Ammunition 
Plant in Ram
sey County, 

and some sewage treatment ponds in 
Goodhue and Winona counties. Other 
sites under MPCA investigation include 
city wells in Rochester, the Koch Refin
ing Company in Rosemount, and mu
nicipal wells in Faribault. Officials say a 
common problem in investigating all of 
these sites has been predicting the 
paths of groundwater flow. 

"The tendency in hydrogeology is to 
generalize, which is what we're trying 
to do here," Tipping says. "But we have 
to appreciate the complexity of the area 
and of this kind of karst hydrogeology. 
The challenge is to identify characteris
tics of groundwater flow in the Prairie 
du Chien that are predictable over a 
broad area." 

The first phase of the project entailed 
considerable fieldwork, including the 
identification and mapping of bedrock 
features like outcroppings and fractures 
and karst features like sinkholes and 
springs. Water samples were also col
lected from wells in order to help de
termine how long the water has been in 

the ground. During the second 
phase, the researchers bored three 
holes (two shallow, one deep) into 
the aquifer and conducted a series 
of hydraulic tests and water analy
ses in the boreholes. Finally, they 

THE PRAIRIE DU CHIEN AQUIFER (shad

ed light and dark blue) cuts a wide 

swath through southeastern 

Minnesota and provides 

the water supply for 

many farms and 

communities 

In the region. 
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will use these measurements to charac
terize the aquifer's hydrogeologic prop
erties near the surface and at borehole 
depths. 

The two-year study is nearly com
plete, Tipping says, and he's optimistic 
that the results will aid Minnesota's ef
forts to preserve its groundwater re
sources. 

"We've shown that some general char
acteristics have been identified, that 
some parts of the flow are predictable," 
he says. "Hopefully, that will help." 

USE YOUR MEMBRANE 

In the fight against contaminated 
groundwater, sometimes the best of
fense is a good defense. Civil engineer
ing professor Michael Semmens and his 
colleagues, assistant professors Ray
mond Hozalski and Paige Novak, have 
taken the old adage to heart. They are 
developing a promising passive barrier 
system that uses bioremediation (natu
ral biological processes) to clean up 
contaminated groundwater. 

The system will employ an innova
tive, sophisticated membrane technolo
gy to safely deliver flammable hydro
gen gas to polluted groundwater. A 
hollow-fiber membrane barrier bisects 
the groundwater aquifer vertically from 
ground surface to the aquifer's bottom. 
The growth of indigenous microorgan
isms, such as bacteria, gradually forms 
a coating on the membrane's exterior. 
As hydrogen gas is forced into the 
membrane from ground level, hydro
gen molecules pass through the mem
brane to its exterior surface, where 
they dissolve in the water and become 
available to the bacteria. The hydrogen 
is a food source for the bacteria, donat
ing two electrons that are used by the 
bacteria to break down chlorinated sol
vents and similar groundwater contam
inants. 

"The ultimate goal is to develop a re
mediation system using this new tech
nology to help clean up contaminated 
groundwater," says Novak. 
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Currently the researchers are concen
trating their efforts on the design and 
control of the membranes. "We expect 
to learn how best to design and operate 
these membrane systems that are capa
ble of delivering and dissolving gases 
into groundwater in a very controlled 
and precise manner," says Semmens. To 
optimize treatment processes, the study 
will also examine the complex interplay 
among various environmental factors , 
groundwater microorganisms, and 
membrane design. 

Although it's based on a relatively 
simple premise, the project demands a 
wide range of scientific and technolog
ical expertise: membrane technologies 
for gas transfer (Semmens); biological 
processes in porous media (Hozalski); 
and processes that exploit anaerobic 
microbiology (Novak). The team also 

includes a postdoctoral associate, five 
graduate students, and an external con
sultant. The group received $1.4 million 
from the U.S. Department of Defense 
through its Strategic Environmental Re
search and Development program to 
develop this technology in the hope of 
applying it to contaminated defense 
and civilian sites. 

To date, most of the experimental 
tests have been performed in the lab, 
but the team reports some success 
using the technology at a small-scale 
field site at the Twin Cities Army Am

munition Plant in New Brighton. 
"In just a couple of years, we've seen 

positive results," Novak says. "We can 
now feed hydrogen directly to the soil. 
It should be a very effective and sus
tainable way of cleaning up groundwa
ter contaminants." 

DOWN THE DRAIN 

Pitting agriculture against the environ
ment is a no-win proposition in Min
nesota, a state that treasures them both 
as resources. Assistant Professor Gary 
Sands of the biosystems and agricultur
al engineering department wants to en
sure that a common farming practice 
can-with a little redesign-coexist in 
harmony with the environment. 

Artificial drainage of farmland
especially in the Upper Midwest-has 
been blamed for polluting surface wa
terways all the way to the Gulf of Mex
ico. Agricultural pesticides and nutri
ents, especially nitrate-nitrogen, the 
soluble form of the nitrogen that is ap
plied to cropland, can move through 
drainage systems into rivers, lakes, and 
streams, spreading contamination. 
Sands estimates that 20 to 30 percent 
of Minnesota's agricultural land uses 
artificial subsurface (tile) drainage be
cause of the prevalence of poorly 
drained soils in the state. Pattern 
drainage of agricultural fields is espe
cially common in the Minnesota River 
Basin, an area that encompasses ro mil
lion acres and drains 13 major water-



sheds. Agricultural runoff, which may 
contain fertilizers, pesticides, and bac
teria, has impaired water quality in the 
Minnesota River drainage area. 

Sands readily agrees that artificial 
drainage contributes to these problems 
but takes a pragmatic stance. Agricul
ture supplies billions of dollars to state 
economies, produces the nation's abun
dant food supply, and underwrites a 
way of life in small-town and rural 
America. 

"Whether we look around the world 
or in our own backyard, we see artifi
cially drained soils supporting some of 
the most productive agricultural sys
tems. Drainage isn't going to go away 
because there are already too many sys
tems in place," he says. "The important 
issue now is [to] design and manage 

these drainage systems so that they 
continue to provide their necessary 
function in a more environmentally 
friendly way." 

Currently, Sands and his colleagues 
are conducting a feasibility study of 
controlled drainage in southern Min
nesota, a practice that aims to enhance 
denitrification through management of 
water-table levels. Denitrification is a 
natural process by which bacteria con
vert nitrate-nitrogen to harmless nitro
gen gas. 

Another project now underway at the 
Southern Research and Outreach Cen
ter in Waseca, Minnesota, will deter
mine the environmental and agronom
ic impacts of alternative subsurface 
drainage design practices (depth and 
spacing of drain lines). 

As a University extension engineer, 
Sands views education and outreach in 
water-management issues as another 
important aspect of his work. He's cre
ated The Drainage Outlet, an educa
tional web site where farmers and the 
public can learn more about drainage 
issues and submit questions to Sands' 
alter ego, "Dr. Drainage." 

"Drainage is a huge part of our state 
history and state agriculture, and that's 
why these issues are so important," 
Sands says. "There is so much water-re
lated research here [at the University], 
and so much of the state depends upon 
it-in terms of agriculture and more
that water-related research is becoming 
increasingly more visible and impor

tant." • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 

SANDS (right) and research assistant Gary Feyereisen take water samples for their study of drainage design practices in southern Minnesota. 
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Alumnus Lynn Orr pays 

tribute to the influential 

IT mentor and lifelong 

friend who shares his 

passion for learning and 

exceptional standards 

BY NICHOL NELSON 

Kermit the Frog doesn't know the half of it. 
The fuzzy amphibian may struggle with his self-image, but Americans 

are the ones who really have trouble being green. In a country accus

tomed to having abundant supplies of energy at cheap prices, declining 

fossil fuel production and increased energy costs have forced con

sumers to scrutinize their energy use with a critical eye. The recent 

surge in energy costs-an echo of the 1970s energy crisis-once again 

reminded many Americans that fossil fuels won't last forever. 

Franklin M. (Lynn) Orr, Jr. (ChernE Ph.D. '76) is using science to in

crease the nation's energy supply. He's a leader in the field of enhanced 

oil recovery, a specialization that uses chemical engineering techniques 

to extract more oil from known oil reservoirs. 

Industry insiders know that as much as 70 percent of the oil discov

ered at a drilling site may be untapped because conventional methods 

can't retrieve the oil stored in pores between rock particles. New meth

ods, such as injections of high-pressure gases, are being developed to 

improve oil recovery rates. Orr, dean of the School of Earth Sciences at 

Stanford University, has devoted the majority of his research to en

hanced oil recovery. 



A Texas native, Orr came to the Uni
versity after completing his undergrad
uate degree in chemical engineering at 
Stanford. Originally intending to major 
in physics, he quickly switched to his 
father's career. "Physics and I didn't 
agree as well as I thought we might," 
he says. 

Although he excelled as an under
graduate student, Orr admits he never 
thought seriously about graduate 
school until his advisor at Stanford, a 
respected chemical engineer, called Orr 
into his office and begrudgingly told 
him, "Lynn, you're not a bad student." 

"For him, that was high praise," says 
Orr, recalling the moment with a chuck
le. He was motivated to look into grad 
school and chose Minnesota from a 
field of contenders that included the 
Massachusetts Institute of Technology, 
Princeton University, and the California 
Institute of Technology. 

"I thought Minnesota clearly offered 
the best opportunity," he says. "The 

strength of the chemical engineering 
department was impressive. With Neal 
Amundson as chair and 'Gus' Aris as 
resident chemical engineering human
ist, it was clearly a good department." 

He packed up and moved from balmy 
California to Minnesota in fall 1969. "I 
wasn't entirely prepared for my first 
winter, but I adapted," he says. Un
daunted by the chill, he began his first 
year of graduate study only to find his 
academic life interrupted by war. 

The Vietnam conflict left few lives 
untouched during the late 196os, and 
Orr was no exception. After only one 
quarter at the University, he received an 
extremely low draft number in the Se
lective Service lottery; however, he was 
spared active duty by a last-minute 
commission with the United States 
Public Health Service, where he 
worked for the air pollution division. 

He also married Susan Packard, a fel
low Stanford classmate, whom he met 
on a blind date in college. "We were 

fixed up by my room
mate," he says. "It 
was the only blind 
date I ever went on 
that was any good." 

After three years, 
Orr knew it was time 
to resume his stud
ies. In 1973 the cou

ple packed up and moved from Wash
ington, D.C., back to Minnesota. 

Returning to school wasn't exactly a 
walk in the park. "That first quarter was 
a challenge," he says. "I had forgotten 
everything about everything. It was ter
rifying." 

Adding to Orr's stress was a fluid me
chanics course taught by a department 
legend, Regents Professor L.E. "Skip" 
Scriven. Known for his high expecta
tions, Scriven pushed Orr to his limits. 

"He expected us to pursue things on 
our own and gave us lots of freedom. In 
class, he bombarded us with questions 
and was famous for leaving note cards 
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in our mailboxes asking impossible 
questions or pointing out references for 
us to look up," Orr says. 

He · quickly adapted to Scriven's 
methods, however, and came to respect 
his professor's enthusiasm and intelli
gence. It wasn't long before Scriven be
came Orr's advisor, and the two began 
a lifelong friendship. 

IT dean H. Ted Davis, who began 
working at the University when Orr 
was a graduate student, remembers 
him clearly. 

"You could tell early on that he was 
not only a fine graduate student and a 
good scholar but obviously a leader," 
Davis says. "Scriven had a pretty big 
group, but Lynn Orr and Bob Brown
now provost of MIT-were clearly lead-

edge research facility dedicated to find
ing better ways to extract oil from the 
earth. Orr and his wife enjoyed the 
quality of life in the sleepy little desert 
town, but in 1985 Stanford made him 
an offer he couldn't refuse. 

Stanford invited Orr to become a fac
ulty member in petroleum engineering 
at its School of Earth Sciences, which 
encompasses the departments of geolo
gy, geophysics, and petroleum engi
neering. The combination gave Orr the 
opportunity to further his research and 
professional development. 

Scriven supported his protege by 
writing a letter to Stanford on Orr's be
half that said, in part: "In the area of 
petroleum engineering I know of no 
one of more significant achievement at 

lished the L.E. "Skip" Scriven Chair in 
Chemical Engineering and Materials 
Science. The chair provides annual 
funds to support research projects and 
faculty salaries in the department. 

Orr says the gift was intended to 
honor Scriven and acknowledge his 
mentor's influence on his academic life. 
"It recognizes the kind of impact Skip 
had not only on me but on generations 
of students," he says. "We share this 
idea that there are wonderful opportu
nities for engineering science that have 
practical applications." It's also person
al, he says, because they share a friend
ship based on mutual respect and a 
passion for learning. 

Davis says the gift will help the de
partment further its goal of using sci-

"We share this idea that there are wonderful opportunities 
for engineering science that have practical applications." 

ers already at that point." Orr and 
Brown both worked on the fluid me
chanics of flows with free surfaces. 

By the time Orr returned to Minneso
ta, he felt "ancient" (he was only 26). 
"My mom was asking if I was ever 
going to get a job, so I went full-bore 
and got the Ph.D. in three-and-a-half 
more years." 

He now looks back on his time as a 
student rather wistfully. "I was in too 
much of an all-fire hurry to get out," he 
says. "The time as a grad student is a 
wonderful luxury. You can pursue an 
idea as far as it will go. You never get 
that kind of time again." 

Anxious to join the workforce, Orr 
signed on with Shell Oil and moved 
back to Texas. During his 18 months 
with Shell, he switched his attention 
from fluid mechanics to enhanced oil 
recovery, concentrating on techniques 
using high-pressure gas injection. 

His work garnered attention, and 
soon he was asked to join the staff of 
the Petroleum Recovery Research Cen
ter in Socorro, New Mexico, a cutting-
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his stage or of greater potential than 
Orr." He went on to declare, "[Orr] is a 
world-class engineering scientist, an 
exceptional person, and maturing 
leader of the first rank." 

Orr has lived up to this appraisal, ac
cumulating numerous honors, includ
ing a Distinguished Achievement 
Award for Petroleum Engineering Fac
ulty from the Society of Petroleum En
gineers and membership in the Nation
al Academy of Engineering. 

Success also runs in the family. Susan 
Packard Orr has made significant con
tributions to the scientific community 
and the world at large through her 
work with the David and Lucile Packard 
Foundation. As head of the founda
tion's board of trustees, she oversees 
the distribution of funds to support var
ious global causes, ranging from 
ecosystem conservation to innovative 
arts programs. 

But the couple wanted to do more. In 
2ooo, Lynn and Susan Orr paid tribute 
to his mentor Scriven and his alma 
mater with a $1 million gift that estab-

ence to advance technology. "In the 
near term, it strengthens Professor 
Scriven's research program, which is al
ready outstanding. In the long term, 
the professorship will bring young peo
ple into the department," he says. 

Scriven was deeply honored by the 
gift. "Lynn Orr and Robert Brown, 
whom Lynn helped mentor, were ex
traordinary 'advisees' who had ab
solutely pivotal roles in maturing my 
research, industrial interactions, and 
teaching," he says. "In his exemplary 
career since then, Lynn has been a cher
ished colleague. Working with him in 
the annual selection and in the Fellows' 
Symposium has kept before me the 
standards to which I and my University 
colleagues must aspire." 

Orr continues to pursue his research 
at Stanford, where he also is a highly 
esteemed teacher and longtime fresh
man advisor. Showered with accolades, 
he remains singularly modest. Of his 
distinguished career and achievements, 
he says simply, "It's been great fun." • 
fOR MORE ON THIS STORY , TURN TO PAGE 59. 



LIFE CYCLE 
CONTINUED FROM PAGE 29 

problem, but we don't know the extent of it." He and Assistant 
Professor Bill Arnold of the civil engineering department are 
conducting a study of personal care products to see if the com
pounds react with singlet oxygen. If so, then photochemistry 
will also degrade the compounds in an aquatic environment. 

McNeill also has a strong interest in biochemical processes 
that clean the environment. His team is building models that 
mimic a naturally occurring process in which microorganisms 
use metal complexes to dehalogenate chlorocarbons. These 
common pollutants include dry-cleaning and industrial sol
vents as well as chlorinated pesticides-all of which can con
taminate aquifers. 

"We are building very simple cobalt, nickel, and zinc com
plexes that we can put in and observe this same kind of reac
tion," McNeill says. "We are trying to understand how they 
work, how we can make them better, [and] how we can clean 
up the environment with them." 

McNeill teaches undergraduate and graduate students and 
says that environmental issues rank high on the list of stu
dents' academic interests. 

He's also pleased that the number of environmental scien
tists at the University is growing. "No one person can study an 
environmental problem in depth because at some point you're 
going to run up against something you don't understand," he 
says. 

He recalls a time he encountered a very complex fluid me
chanics problem. "[In this lake] there was groundwater com
ing in, stream water coming in, another plume of groundwa
ter coming in, and a stream going out," he says. "I had to go 
to people who work on these problems all the time and appeal 
to them for help in understanding how this was working. [As 
a chemist], everything in my flask is well-stirred. Lakes aren't 
well-stirred reactors!" 

COMPUTATION 
CONTINUED FROM PAGE 31 

solvents will improve its effectiveness without hurting the 
environment. 

Siepmann's group has collaborated with Entropic Sys
tems, a small start-up company near Boston that's design
ing novel cleaning solvents for high-tech cleaning applica
tions. To ensure that its applications will be nonoxidizing, 
the company had the University researchers conduct sim
ulations to screen co-solvents and then recommend the 
most promising ones for further testing. 

lab qroup, is one of many University students with a stronq in· 

- terest in environmental science. 

McNeill relishes the challenges of environmental science. "I 
think they're the most complicated problems there are," he 
says. "What's more complicated than the real world? Just 
about nothing! " • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 

That type of collaboration-testing predictions against 
measurements-illustrates one way in which experimental 
and computational chemistry converge. In other cases, 
says Truhlar, theorists will use experimental measure
ments to adjust a theory's parameters and increase its pre
dictive value over a wide range of situations. 

Computational chemistry's elegance and power have 
made passionate advocates of its University practitioners. 
"Computational chemistry is the most beautiful science," 
insists Truhlar. "It has no drawbacks at all." 

"And it's clean," quips Siepmann. • 
FOR MORE ON THIS STORY, TURN TO PAGE 59. 
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Our busy lives can 

distract us from 

acting on our good 

intentions. but 

planned giving can 

help us attain our 

charitable goals. 
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Charitable giving is a way of life for generations of IT alumni and 

friends who share the values of gratitude and philanthropy 

A heartfelt tradition 
IF INVENTING TOMORROW HAD ENOUGH SPACE TO PUBLISH THE STO
ries of all the remarkable alumni whom I've met over the past year, this maga
zine would have the heft and girth of an encyclopedia. IT alumni are remarkable 
individuals whose lives and achievements embody creativity, intelligence, and 
dedication. But I've noticed something else about our alumni, too. 

Maybe it's something in the water, but gratitude and philanthropy are common 
values among IT alumni. Our graduates demonstrate heartfelt charitable inten
tions-toward IT, religious institutions, hospitals, youth or

ganizations, the arts, and other nonprofit groups. 
But busy lives and daily responsibilities sometimes dis

tract us from carrying out these wonderful intentions. Per
haps we hesitate to act because we're unsure about the 

C AMPAI GN MIN N ESOTA 

process or because we assume that planned giving is the """"'mo'"""'""A 

sphere of only the wealthiest people. However, with the aid of a bit more infor
mation and professional advice, we all can attain our charitable goals. 

Regardless of your situation, the first step is to make a will or a living trust. If 
you have an average-size estate, a will is an important vehicle for making your 
legacy a reality, especially if you have IRAs and other qualified retirement plans. 
As part of your estate, these assets can be subject to extraordinary taxation. Be 
sure to update your will every three years (the recently passed tax law makes this 
review highly desirable) . 

During your lifetime, you can avoid capital gains taxes by making your chari
table gifts-large or small-with appreciated property. Some people don't like to 
give up their favorite stock, but it's to your advantage to give the stock and then 
buy additional stock using the cash you would have donated. 

In your will, make your charitable bequests from property that has "income in 
respect of decedent" (IRD). For most people, this kind of property consists pri
marily of their retirement plan. Making your bequests from your retirement plan 
makes a great deal of sense because your estate will avoid paying income tax on 
the assets given, and larger estates avoid estate taxes. An attorney can draft sim
ple language stating these provisions. Most qualified retirement plans also allow 
participants to make a gift through the beneficiary selection process. 

In planning your charitable giving, a good rule of thumb to follow is this sim
ple tenet: While living, give appreciated property first; at death, give IRD first. 
These suggestions are not intended to be legal advice but merely ideas you can 
discuss with your professional advisors-an attorney, CPA, financial planner, 

and/ or a gift planner. 
The IT development team's great desire is to help you fulfill your charitable in

tentions and create a personal legacy. In doing so, you enrich the legacy of grat
itude and philanthropy that's been passed down through generations of IT alum

ni and friends. • 



Yudof and Carlson (center) cut the ribbon, flanked by (from left) Davis, McMurry, fundraislnq campaign committee co

chairman Richard Clarke, and committee members. 

ME dedicates new facilities 
NEARLY 700 PEOPLE TURNED OUT APRIL 25 

for the grand opening and dedication of the Uni

versity's new mechanical engineering facilities. 

The daylong festivit ies-which inc luded a robot 

show, reception, and ribbon-cutting ceremony

concluded with a banquet at the McNamara Alum

ni Center. 

tinues full force." 

University president Mark Yudof, IT dean H. Ted 

Davis, and former Minnesota governor Arne Carl

son were also on hand for the ceremony. 

Renovation of the old building and new con

struction have yielded a facility with 42,000 addi

t ional square feet of space, an increase of 50 per

cent. The building features updated laboratories, 

designated space where students can study, work, 

and interact, and a layout that encourages collab· 

oration among faculty with related research inter· 

ests. 

"The new ME building was the first one on this 

campus with the year '2000' on its cornerstone, 

and I believe this symbolizes the exciting frontiers 

being explored in our research laboratories," de

partment head Peter McMurry told the crowd at 

the ribbon-cutting ceremony. "The energy and 

creativity that made us a leading department con-

Total cost of the project was $22.5 mil li on, of 

which $9.5 million came from private donors. • 

IT CAMPAIGN WATCH 

IT'S GOAL 

$160 million 

TOTAL RAISED 
TO DATE 

$101 million 
(8/ 01/01) 

Fund to support nano research 
THE INSTITUTE OF TECHNOLOGY IS SEEKING PRIVATE SUP

port to endow a new $10 million basic science and nanotechnol

ogy research fund. 

Unique in its size and flexibility, the fund would generate an 

annual income of $500,000 to finance promising cutting-edge 

research that often isn't funded by other sources. According to 

Dean H. Ted Davis, that income will give IT the resources and 

flexibility to seize promising research opportunities. 

"This new endowment will enable IT's best, most talented fac

ulty to pursue new avenues of scientific inquiry that hold the 

key to future innovations,'' says Davis. "A swift response [to un

foreseen research opportunities and challenges] will help us re

main competitive.'' 

Several major gifts to this fund were pending at press time. 

For more information contact IT's development office. • 

CAMPAIGN NEWS 

Gifts to IT total $32.BM 
in FY2001. set record 
Gifts and pledges to IT to

taled $32.8 million during 

the 2000-01 fiscal year, set

ting a new 

fundraising 

record for the 

Univers ity of 

Minnesota Foun

dation and pro

pel ling the col

lege toward its 

$160 mi ll ion 

Campaign Min

nesota goal. See page 4. 

DEVELOPMENT OFFICE 

Office of Development 
Institute of Technology 
1701 University Avenue SE 
Minneapolis, MN 55414 
development@itdean.umn.edu 
www.i t.umn.edu/g iving 

DEVELOPMENT TEAM 

Director of Development 
Phil Oswald 
• mechanical engineering 
612·626·9385 

Development Officers 
Paul Allison 
• aerospace engineering 
· chemistry 
• student affairs and programs 
612·625·6035 

Steve Biever 
• chem. eng. & materials science 
• geology and geophysics 
• physics 
612·626·9501 

Jennifer Clarke 
· astronomy 
• civil engineering 
• computer science 
612·626·9354 

Tom Kinsey 
• biomedica l engineering 
• electrical & computer eng. 
• mathematics 
612·624·5537 

Staff Support 
Joni Egan 
612·624·5537 
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I thought about the 

relationship between 

my education and the 

success I'd achieved. 

Those reflections 

piqued my curiosity 

about what life at the 

University was like 

now-20 years after 

I'd graduated. 
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A friend's invitation led to a fresh new perspective on the U 

and an exceptionally rewarding experience 

Back to the future 
WHEN A FRIEND FROM MY HOMETOWN INVITED ME TO BECOME IN

volved with the IT Alumni Society, at first I was very reluctant to join the alum

ni organization. When I graduated from the University in 1978 with a degree in 
electrical engineering, I was eager to get on with my professional career and 

leave my student years behind. 

Sometimes the University experience had been a little frustrating. I'd en

dured long lines each quarter to register using computer punch cards and had 
taken some classes in marginal facilities like World War 

11-vintage Quonset huts. I was ready for the real world. 

However, my friend 's invitation lingered in my mind. 

I thought about the relationship between my education 
and the success I'd achieved in my career. Those reflec

tions piqued my curiosity about what life at the Univer
sity was like now-2o years after I'd graduated. I'd also begun to tell myself 

that perhaps the time had come for me to give something back to the Univer

sity and IT. 
After I became involved in ITAS, I saw the amazing changes that are taking 

place at the University. Historic buildings are being renovated, and state-of-the 

art facilities are being built all over campus. Class registration has evolved from 

punch cards and long lines to online registration from the privacy of a dorm 

room. There's a fresh focus on teaching and the undergraduate experience, and 

students report a high satisfaction rate. 
Through ITAS I've met and worked closely with extraordinarily dedicated fac

ulty, staff, volunteers, and students. Although I've attended dozens of events, 

I've experienced just a fraction of all that the University has to offer its alumni 

and the greater community, too. 
My ITAS experience has been so rewarding that I ended up following in the 

footsteps of my hometown friend. Together we've given the small southern 

Minnesota town of Stewartville the distinction of having produced two IT 
Alumni Society presidents. I guess you can't give a better testimonial than that. 

That's why I'm extending my friend's invitation to you. Getting involved in 
ITAS and working on behalf of the University will give you enormous satisfac

tion, and you will make a difference, believe me. 
We've made significant progress on behalf of the University, but we need your 

help to continue the momentum. I encourage you to give the University an

other look. I know you'll be pleasantly surprised. • 



ITAS programs earn top UMM honors 
ITAS ONCE AGAIN TOOK TOP HONORS IN SEVERAL CATEGORIES 

at the annual University of Minnesota Alumni Association's (UMAA) 

awards ceremony. 

ITAS received the Grand Gold Award, an ad hoc honor that recog

nizes susta ined excellence in programming, for its Science and Tech

nology Banquet. IT's annua l gala. The 2001 banquet. which featured 

a keynote address by Intel senior vice pres ident Ronald Smith, drew 

more than 700 attendees and raised nearly $20,000 for student 

scholarships. 

The society also earned the Programme Extraordinaire Award for 

"Cosmic Cabaret." a musical performance by Lynda Jeanne Williams 

that was part of the IT Public Lecture Series. 

According to IT alumni relations director Kristine Kosek, the hon

ors reflect ITAS members' devotion to outreach and service. 

"Our programs are so successful because of the hard work and 

commitment of our board members and volunteers," says Kosek. 

"These awards recognize the contributions of hundreds of alumni 

who make all of these terrific programs happen." • 

A strong show of support for U 
A STRONG SHOW OF SUPPORT -AN ESTIMAT

ed 15,000 phone calls, letters, ema il s, and 

visits-helped convince state legislators to 

nearly double Governor Jesse Ventura's pro

posed budget increase for the University over 

the next two years. IT alumni, parents, and 

friends were among the thousands of University 

advocates who contacted their leg islators in the 

outpouring of public support. 

Homecoming. reunions 
slated for October 19·20 
The University will present a "Hollywood 

Homecoming" and reunions for the class

es of 1951, 1961, and 1976 on October 19-

20. In addition to University-wide activi

ties like the football game, parade, and 

Homecoming ball, ITAS will host depart

mental tours, a reception, and dinner with 

Dean H. Ted Davis. Invitations and regis

tration forms will be mailed in late sum

mer. See www.it.umn.edu/itas or call 612-

626-8282 for more information. 

During a special session in June, legislators 

approved $110.6 million in new state funding: 

$90.7 mil lion in general fund s and $19.9 million 

from the tobacco endowment that will go to 

long-term funding for the University 's 

Academic Health Center. 

The increase was less than 

half of the $221.5 million re

quested by University presi

dent Mark Yudof. To compen

sate for the difference, 

budgets for the next two years 

will fund the University's pro

grams and operations using new 

state dollars, raising tuition and fee revenues, 

and reducing budgets and spending plans 

through internal reallocation s and investment 

reductions. 

"I am deeply grateful to al l the IT alumni vo l

unteers, parents, and friends for their efforts on 

behalf of the col lege and the University," says IT 

dean H. Ted Davis. "They've helped us demon

strate that the University and higher educa ti on 

in general have significant public support." • 

' ' 

2001·02 ITAS BOARD 

EXECUTIVE COMMITTEE 

President 

Rich Newell <Chemistry Ph.D. 75) 

President-elect 

Daniel McDonald tEE ·sz. J.D. ·as> 

VP, Alumni Relations 

James Gilkinson tEE ·67. M.s. ·69> 

VP, Corporate Relations 

James Clausen 

(Aero '63, Mechanics M.S. '65) 

VP, K-12 Education 

John Borowicz (CSci ·so> 

VP, Student Relations 

H. Richard Schwarz <EE 751 

VP, University Relations 

Richard Hedger tEE ·62. M.s. ·6s) 

UMAA National Board Rep. 

David Hag ford (Aero ·64) 

Past President 

Jerry Sosinske tEE 781 

Director of Alumni Relations 

Kristine Kosek 

BOARD MEMBERS 

Robert Benke (Civil ·6s. M.S. ·so> 

Wendy Benson (ChernE ·921 

John Berner (ME ·6s) 

Richard Clarke (ME ·sJ) 

Jean Davis <MOT ·on 

Nicolas Economo (ChernE ·oz> 

David Ekern <Civii70) 

Professor Arthur Erdman 

Lisa Lee <GeoE ·ss> 

Nilabh Narayan 

(Mechanics '85, Ph.D. '89) 

Durga Panda tEE Ph.D. 76. Purdue> 

John Pournoor 

(ChernE Ph.D. '87, UC·Berkeley) 

Robert Rosene (Civil ·4s. M.S. ·4s1 

Glenda Swi nford <MOT ·oo> 

Paul Torniainen <ChernE M.S. ·941 

Richard Westerlund 

(EE ·60. Math M.S. •67. MBA •96) 

Anthony Yapel (Chemistry Ph.D. ·67) 

ALUMNI RELATIONS OFFICE 

Institute of Technology 

1701 University Avenue SE 

Minneapolis, MN 55414 

itas@itdean.umn.edu 

www.it.umn.edu/i tas 

Alumni Relations Director 

Kri stine Kosek 

612-626-8282 
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Outstanding scholars. alumni recognized 
AT THE END OF EACH 

academic year, IT and 

the University 

community pause to 

savor achievements 

and to honor the ex

ceptional educators, re

searchers, and advisors 

among us. The influ

ence of these remark

able individuals ex

tends well beyond the 

campus borders, for 

many of their former 

students go on to lead 

distinguished careers 

in diverse fields. In 

honoring our outstand

ing alumni, we also pay 

tribute to the teachers 

and mentors who guid

ed and inspired them. 

FACULTY AWARDS 

IT Distinguished Professors 

James Chelikowsky (chemical engineering and materials 

science) 

Roberta Humphreys (astronomy) 

Larry Miller (chemistry) 

Horace T. Morse/University of Minnesota Alumni 

Association Award for Outstanding Contributions to 

Undergraduate Education 

William Durfee (mechanical engineering) 

Distinguished Women Scholars Award 

Maria Gini (computer science and engineering) 

Bowers Faculty Teaching Award 

Jerry Hajjar (civil engineering) 

President's Award for Outstanding Service 

Richard McGehee (mathematics) 

V. Rama Murthy (geology and geophysics) 

2000-01 Award for Outstanding Contributions to 

Postbaccalaureate, Graduate, and Professional Education 

Heinz Stefan (civil engineering) 

3M Nontenured Faculty Award 

Joey Talghader (electrical and computer engineering) 

Distinguished McKnight University Professor 

R. Lawrence Edward (geology and geophysics) 

Timothy Lodge (chemistry) 

McKnight Land·Grant Professors 

Mohamed-Siim Alouini (electrical and computer 

engineering) 

Shaul Hanany (physics and astronomy) 

Richard Hsung (chemistry) 

Victoria Interrante (computer sc ience and engineering) 

Jiaping Wang (mathematics) 

George Taylor/ IT Alumni Society 

Dist inguished Teaching Award 

Saifallah Benjafaar (mechanical engineering) 

George Taylor Distinguished Research Award 

Karin Musier-Forsyth (chemistry) 

Kumar Tamma (mechanical engineering) 

George Taylor Distinguished Service Award 

Charles Campbell (physics) 

Frank Kulacki (mechanica l engineering) 

STUDENT AWARDS 

Paul Cartwright/IT Alumni Society 

Outstanding Student Service Award 

Ashwin Ravichandran (ChemE '01) 

Senia Tuominen (ME '01) 
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ALUMNI AWARDS 

Outstanding Achievement Award 

Richard Braun, P.E. (Civil '48, M.S. '55), founding director 

of the University of Minnesota Center for Transportation 

Studies and former commissioner of the Minnesota 

Department of Transportation 

James Cabak (ME '60), founder of Bulk Molding 

Compounds, Inc. 

Dean Chenoweth (ME '43, B.B.A. '48), founder and vice 

pres ident of Advantek 

Neil Clark (ME '48), president of Techpower, Inc. 

J. Brian Evans (Geophysics M.S. '75), professor of earth, 

atmospheric, and planetary science, Massachusetts 

Institute of Technology 

Barbara C.S. Hansen (Botany M.S. '64), research fellow at 

the University of Minnesota Limnological Research Center 

Eric Heller (Chemistry '68), professor of chemistry and 

phys ics at Harvard University 

Heinrich Jaeger (Physics M.S. '82, Ph.D. '87), professor of 

physics at the University of Chicago 

Orville Johnson (ME '60), chairman of the board of 

directors of UFE Inc. 

John Kraft (Geology Ph.D. '55), H. Fletcher Brown 

Professor of Geology at the University of Delaware 

Carl Krespan (Chemistry Ph.D. '52), research associate 

and research fellow at E.l. du Pont de Nemours (retired) 

Russell McNaughton (EE '57), vice president of 3M 

(retired) 

Reuben Rieke (Chemistry '61), regents professor of 

chemistry at the University of Nebraska 

Richard Sundberg (Chemistry Ph.D. '62), professor of 

chemisty at the University of Virginia 

Malcolm Weiss (B.B.A. '48, Geology Ph.D. '53), professor 

emeritus of geology at the University of Northern Illinois 

Leo Yau (EE M.S. '65), director of innovative module 

technology and Intel Fellow at Intel Corporation (retired) 

Honorary Doctorate 

Morton Denn (ChemE Ph.D. '64), Einstein Professor of 

Science and Engineering and director of the Levitch 

Institute for Physico-Chemical Hydrodynamics at the City 

Co llege of the City University of New York 

Theodore Galambos, professor emeritus of civil 

engineering, University of Minnesota 

James Prestegard (Chemistry '66), professor of chemistry 

and eminent scholar at the University of Georgia 

w. Harmon Ray (ChemE Ph.D. '66), Vilas Research 

Professor in chemical engineering at the University of 

Wisconsin-Madison 

Lee Raymond (ChemE Ph.D. '63), chairman of the board 

and chief executive officer of Exxon Mobil Corporation 



Online 
resources 
THE FOLLOWING WEB SITES 

provide further information about the 

stories in this issue. You can find addi

tional resources and a complete 

archive of Inventing Tomorrow online 

at www.it.umn.edu/inventing. 

From the Dean (p. 3) 

www. it.umn.edu/about/dean 

Technofile/R&D (p. 4-9) 

Big Bang Breakthrough 

www.physics.umn.edu/-cosmos/projhanmax.htm 

Borealis Shines 

www1.umn.edu/umnsvp/ 

Dancing Machine 

www.mbdel.dent.umn.edu/-young/ 

senior _design.html 

Digital Director 

www.dtc.umn.edu/-odlyzko/ 

Reaching a New Record 

www.it.umn.edu/giving 

Solid Competition 

www.masterbui lders.com/MB/static/canoe 

Scouting the Web 

scout.cs.umn.edu 

Monalisa Unveiled 

www.ece.umn.edu/groups/monalisa/ 

Vomit Comet (p. 1oJ 

www.aem.umn.edu/info/highlights.shtml 

education.jsc.nasa.gov/College/kc135under.htm 

Fast Forward (p. 14) 

www.fastforwardproject.org/ 

www.phys ics.umn.edu/-hsci/ 

Environmental ABCs (p. 2oJ 

www.ce.umn.edu/courses/it1101/ 

Clearing the Air (p. 22) 

CFC Alternatives 

www.cems.umn.edu/Research/Reaction.htm 

Aerosols 

www.me.umn.edu/people/facu lty/McMurry.html 

www.me.umn.edu/divisions/environmental/ 

ptl/atmo/index.html 

Cooking Effluents 

www.me.umn.edu/people/facu lty/Kuehn.html 

Indoor Air Quality 

www.me.umn.edu/people/facu lty/Davidson.html 

Environmental Research Laboratory 

www.me.umn.edu/divisions/environmenta l/ 

environ_lab/ 

Soot Patrol (p. 26) 

www.me.umn.edu/people/faculty/Zachariah.htm l 

Diesel Devotees (p. 27) 

www.me.umn.edu/centers/cdr/index.html 

Life Cycle (p. 28) 

www.chem.umn.edu/groups/mcneill/ 

Computational Chemistry (p. 30l 

comp.chem.umn.edu 

Plastics with Promise (p. 32) 

www.cems.umn.edu/Peop le/sr ienc.htm 

www.bae.umn.edu/annrpt/2000/resea rch/ 

bio15.html 

Fowl Territory (p. 34) 

www-users.cs.umn.edu/-shekhar 

Ice Sage (p. 36) 

www.geo.umn.edu/people/profs/JOHNSON.html 

Probing the Past (p. 38) 

www.geo.umn.edu/people/profs/BANERJEE.html 

www.geo.umn.edu/orgs/irm/irm.html 

A Force of Nature (p. 40) 

www1.umn.edu/safl/index.html 

Water Works (p. 44) 

Mapping the Mesabi 

www.geo.umn.edu/mgs/ 

Little Flow on the Prairie 

www.geo.umn.edu/mgs/ 

Use Your Membrane 

www.ce.umn.edu/-semmens 

www.ce.umn.edu/-hozalski/ 

www.ce.umn.edu/fns/novak/ 

Down the Drain 

www.bae.umn.edu/Staff/sands.html 

d-outlet.coa fes.umn.edu 

Fueling the Future (p. 5o) 

pangea.stanford.edu/about/Orr.html 

Campaign Minnesota (p. 54) 

www.it.umn.edu/giving 

ITAS Report (p. 56) 

www.i t .umn.edu/i tas 

Retrospect (p. 60) 

www.me.umn.edu/news/newsletter/ 

ME-News_WOO.pdf 
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Mechanical engineering professor James Ryan sparked 
a transportation safety revolution in the 1950s and 1960s 

HEY CALLED HIM "CRASH" 
for a reason. 

Mechanical engineering 
professor James Ryan had a 
passion for transportation 
safety-and a penchant for 

conducting hands-on research. His tac
tics were often unconventional-he 
and a graduate student once tested 
safety equipment by personally crash
ing a modified Ford into a brick wall 
outside the Mechanical Engineering 
Building-but his efforts sparked a 
transportation safety revolution. 

Ryan joined the University faculty in 
1931. His early research focused on avi
ation safety, and in the 1940s he devel
oped the first "black box" flight 
recorder, an impact-proof and fireproof 
device that recorded data about a 
plane's movements. 
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By the 1950s, flight recorders-which 
help investigators determine the cause 
of mishaps and crashes-were required 
on all American aircraft. 

But the flight recorder is only part of 
Ryan's legacy. In the 1950s he turned his 
attention to automobile safety, deter
mined to devise a vehicle that could 
better protect its occupants. 

"When accidents happen, we do a 
good job of placing the blame on the 
dead driver, but we never blame his 
car," he said in a 1966 interview. 

Ryan explored many possible safety 
modifications, including hydraulic 
bumpers, seat belts, padded steering 
wheels, and new dashboard designs. At 
first, he tested many of these modifica
tions himself. Later, he used a special 
"crash car" equipped with dummies of 
human size and weight. Operating the 

crash car by remote 
control, he and his 
assistants computed 
various forces acting 
on the dummies dur
ing crashes with and 
without the safety 
devices. 

In 1963 he ob
tained a patent on 
an automatic safety 
seat belt. Unlike ear
lier models, the au
tomatic belt "freely 
follow[ed] the body 
motions .... If a sud
den force is applied 
by the body on the 
seat belt as in an ac
cident, the belt is 

locked tight, and the passenger is re
strained securely," he said. 

Ryan was convinced that the safety 
enhancements he devised and tested 
could cut the number of auto-related 
fatalities and injuries in half. He report
ed his findings to the federal govern
ment and urged auto manufacturers to 
incorporate seat belts and other new 
safety measures into their designs. But 
automakers were reluctant to adopt his 
ideas. 

In 1964, however, President Lyndon 
Johnson created a commission to study 
auto safety, which cited Ryan's research 
as support for the establishment of min
imum safety standards for car design. 
In 1966 Johnson directed his commerce 
secretary to establish a major highway 
safety unit and set standards for all 
vehicles and their components. That 
initiative eventually led to the creation 
of the National Highway Traffic Safety 
Administration (NHTSA) in 1970. 

"The president is doing just what I 
advocated," said Ryan at the time. "It's 
a terrific-an almost unbelievable
step." 

The long-term results are even more 
dramatic than Ryan projected. The 
number of fatalities per roo million ve
hicle-miles traveled has dropped from 
more than s.s in 1966 to less than r.s in 
1999-thanks in large part to seat belts 
and other safety measures Ryan de
vised or proposed. The NHTSA esti
mates that seat belts have saved nearly 
75,000 lives over the past 10 years 
alone. 

A heart condition forced Ryan to re
tire from the University in 1963, but 
until his death ten years later he con
tinued pursuing transportation safety 
issues and rallied others to support the 
cause-as formidable a challenge as 
the research itself. 

"That's the trouble with safety," he 
once said. "It's about as popular as 

measles." • 
-Paul Sorenson 

FOR MORE ON THIS STORY, TURN TO PAGE 59. 



INSTITUTE OF 
TECHNOLOGY 
The Institute of Technology is a 
world-c lass teaching institution 
that offers undergraduate and 
graduate programs in engineer
ing, sc ience, and mathematics. 
Its mission is to provide pro
grams of instruction, research, 
and serv ice that are appropriate 
to a research university and that 
are responsible to the needs of 
the state, its citizens, and the 
nation. 

CONTACT US 

Administration 

Office of the Dean 
1701 University Avenue SE 
Minneapolis, MN 55414 
612-624-2006 
800-587-3884 
fax 612-624-2841 
info@itdean.umn.edu 
www.it.umn.edu 

Other Offices and Services 

Admissions 
612-624-8504 
admissions@itdean.umn.edu 

Address Corrections 
612-626-1802 
address@itdean.umn.edu 

Alumni Relations/ 
IT Alumni Society 
IT Mentor Program 
612-626-8282 
itas@itdean.umn.edu 

Career Services 
612-624-4090 
itcs@tc.umn.edu 

Communications 
Inventing Tomorrow 
612-626-7959 
inventingtomorrow@ 
itdean.umn.edu 

Development 
612-624-5537 
development@itdean.umn.edu 

K-12 Programs (ITCEP) 
612-625-2861 
itcep@math.umn.edu 

Minority Programs (APEXES) 
612-626-0219 
apexes@tc.umn.edu 

Student Affairs 
612-624-5091 

studentaft@itdean.umn.edu 

Women in IT 
K-12 programs for girls 
and young women 
612-624-1317 

women@itdean.umn.edu 

www.it.umn.edu 



UNIVERSITY OF MINNESOTA 

Institute of Technology 

Office of the Dean 

1701 University Avenue SE 

Minneapolis. MN 55414 

INSTITUTE OF TECHNOLOGY 

September 
8-15 Universe in the Park. Sponsored by the Department of As

tronomy. Stargaze in a beautiful Minnesota state park while learning 

about astronomy. Visitors will hear a short lecture on astronomy and 

then look at constellations through a telescope. The free events are 

held at four different parks. FFI email Michael Kelley at 

msk@astro.umn.edu or see www.astro.umn.edu/Outreach/uitp/. 

October 
18 Donor/Scholar Recognit ion Event. 5:00 p.m., McNamara Alumni 

Center/University of Minnesota Gateway. FFI call 612-624-5537. 

19-20 University of Minnesota Homecoming and 1951, 1961, 1976 

Class Reunions. Featuring two days of events, including campus 

tours, dinner with the dean, parade, bonfire, and a gridiron showdown 

between the Golden Gophers and the Michigan Wo lverines. FFI call 

Kris Kosek at 612-626-8282, email itas@itdean.umn.edu. or see 

www.it.umn.edu/itas. 

November 
3 IT Parents Organization Dinner with the Dean. Carlson School 

of Management Dining Room. FFI call 612-626-1802 or see 

www.it.umn.edu/parents. 

13 IT Mentor Program Orientation. 6:00-7:30 p.m., McNamara 

Alumni Center/University of Minnesota Gateway. FFI call 612-626-

1802 or email itas@itdean.umn.edu. 

December 
6 IT Parents Organization Dinner with the Dean. Carlson School 

of Management Dining Room. FFI call 612-626-1802 or see 

www.it.umn.edu/parents. 

Complete and up-to-date event listings are available online at 

www.it.umn.edu. 
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