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A pristine coastline paints a 
beautiful picture but requires 
freshwater management and 
coastal research. Otherwise, 
global climate change, invasion 
of plant and animal species, 
and the effects of man will 
paint a different picture for 
future generations.  

Michigan Tech researchers 
are environmentally conscious and making positive 
changes in the world now, so the next generation of 
researchers can make even greater improvements to 
our planet in the future.

Within these worthwhile endeavors, artistic 
creativity and inspired research require vision and the 
desire to make a difference in the world. At Michigan 
Tech, we foster an atmosphere that promotes 
sustainable research and creative approaches to 
difficult environmental and human issues. 

Our researchers and students are tackling tough 
problems such as global health concerns, hazards 
like volcanoes or ballast water, and the plight of the 
transportation infrastructure.

All academic disciplines are making great strides on 
campus. Our students are exposed to the creativity  
of the arts, the wonder of science and engineering, 
and much more as they create the future and change 
the world. 

 

Dave D. Reed
Vice President for Research
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 On the Cover: Looking North, a 
watercolor by Professor of Art Mary Ann 
Beckwith. Prints of the painting will be sold 
through the Michigan Tech Fund to benefit 
the Department of Visual and Performing 
Arts. Contact: mabeckwi@mtu.edu

 TABLE OF CONTENTS

 4 Plumbing the Great Lake’s Secrets
 by Jennifer Donovan

 8 Looking North
 by Dennis Walikainen

 10 Battling the Ballast Water
 by Marcia Goodrich

 12 From X-Box to T-Cells:
Video Games and Human Biology 
by Marcia Goodrich

 14 Research Award Winners
Ravi Pandey and Shuanglin Zhang 
by Marcia Goodrich

 16 The Incredible Shrinking Transistor
 by Marcia Goodrich

 18 Electron Transistors Turn up the Heat
 by Marcia Goodrich

 19 Allen’s Work with Two-Phase Flow
Garners NSF CAREER Award 
by Kara Sokol

 20 Keeping it Clean
 by John Gagnon

 22 Undergraduate and
Graduate Student Research 
by John Gagnon

 26 Research Centers and Institutes

 27 Annual Research Statistics 

3

R
esearch

 2
0

0
9

 M
ichigan Technological University



PLUMBING THE GREAT LAKE’S SECRETS 
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W
as it the gales of November that sank 
the Edmund Fitzgerald?  Was it faulty 
hatch covers, as the US Coast Guard 
claimed?  Or ballast tank damage 
caused by bottoming on Six Fathom 

Shoal, as the Lake Carriers Association believed?
Contention continues, as it has since the 26,000-

ton freighter took its crew of twenty-nine to a watery 
grave at the bottom of Lake Superior on Novem-
ber 10, 1975. But soon, in a fifty-foot wave tank that 
will be affiliated with the new Upper Great Lakes 
Laboratory (UGLL), scientists may finally be able to 
determine what actually caused the fabled shipwreck. 

The wave tank allows for waves to be generated, 
modified, tested, and studied. With what they learn 
there, Civil and Environmental Engineering Asso-
ciate Professor Brian Barkdoll and colleagues may 
be able to definitively determine the cause of the 
sinking of the Fitzgerald. Perhaps the culprit will 
turn out to be a rogue wave—like the “Three Sisters 
Phenomenon”—a series of three waves following in 
quick succession, the first disabling the ship and the 
next two striking fatal blows before she has recov-
ered from the first.  Or perhaps something stranger, a 
mystery not yet imagined. 

Barkdoll’s wave tank is just one of myriad high-
tech instruments that Great Lakes researchers—
ecologists, biologists, chemists, physicists, geologists, 
engineers, computer scientists—working with the 
new research lab will use to probe the secrets of Lake 
Superior.

State funds will pay three-quarters of the cost of 
the $25-million facility, the only one of its kind on 
the Upper Great Lakes. The UGLL will house inter-
disciplinary labs and educational facilities for under-
graduates and graduate students, as well as outreach 

to K-12 students, teachers, and the community. 
Construction is slated to start in spring 2009, 

and future plans include enhancements such as boat 
docks and recreational facilities, to take fuller advan-
tage of the University’s location on the waterfront. 

Michigan Tech is already home to many Great 
Lakes research projects, but the new lab will give 
scholars a unique opportunity to work together 

Chemistry Professor Sarah Green crunches numbers 
aboard the R/V Laurentian, which tows a “donut” 
collecting data on plankton and water parameters.  
The donut is pictured on the next page.

“The legend lives on from the Chippewa on down
Of the big lake they call Gitchee Gumee.
Superior, they said, never gives up her dead
When the gales of November come early.”

                                —Gordon Lightfoot
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physically as well as intellectually. Scientists from 
across campus will work with researchers from agen-
cies such as the National Oceanic and Atmospheric 
Administration (NOAA), the US Army Corps of 
Engineers, and the Canadian Centre for Inland 
Waters to understand, restore and protect one of the 
world’s greatest natural resources.

The interdisciplinary lab will be guided by program 
goals that include creating a new ecosystem moni-
toring and forecasting program for Lake Superior; 
investigating how human activities, plant and animal 
life, and pollution affect the watershed and coastal 
water (groundwater) flow; conducting outreach pro-
grams and developing Great Lakes learning resources 
for students, teachers, and communities; and model-
ing low-impact building and landscape design.

MICHIGAN TECH TRADEMARKS
The lab will embody a number of principles  

that have become Michigan Tech trademarks, says 
Charles Kerfoot, professor of biological sciences and 
a member of the UGLL planning committee. He 
cites research across disciplines; hands-on, discov-
ery-based learning; a seamless partnership between 
research and education at university and K-12 levels; 
and collaboration with government agencies and a 
variety of public and private research partners. 

“It’s certainly going to provide more opportunities 
for cross-disciplinary collaboration,” echoes David 
Schwab, an NOAA researcher who has been work-
ing with Kerfoot for more than a decade.  Equally 
important, says Schwab, is the lab’s ability to serve as 
a focal point for the education of all kinds of scien-
tists interested in Great Lakes research. “We haven’t 
had anything like this in the Upper Great Lakes,” 
he notes. “It will make it easier to find well-trained 
young scientists.”

Joan Chadde, coordinator of the Western UP 
Center for Science, Mathematics and Environmen-
tal Education, is excited about the new lab’s edu-
cational potential. “Now we’ll have a place to host 
teachers’ workshops and can add after-school science 
programs for K-12 students, and water quality and 
land-use workshops. We can do research internships 
for middle and high-school students, in addition to 

Top: Research aboard the R/V Agassiz extends from 
K-12 to post-doctoral studies. The Agassiz will be docked 
at the new UGLL.

Left: The donut is hauled up by Charles Kerfoot, Aaron 
Hemme, and Foad Yousef (left to right).

Opposite: Nancy Auer’s research with sturgeons will also 
benefit from the UGLL.
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their scientific cruises aboard the Agassiz. And we’ll 
be right on the water, where we can take samples 
straight to the lab, where students can interact with 
the scientists.”

Alex Mayer looks forward to that interaction 
too. “The science informs the outreach,” the direc-
tor of Michigan Tech’s Center for Water and Soci-
ety observes, “but in this setting, the people we are 
reaching will also inform the science, because we’ll 
be finding out what’s on people’s minds.”

LAKE SUPERIOR—A NATIONAL TREASURE
The new lab is a dream come true for Kerfoot. 

“Lake Superior, the largest of the Great Lakes, 
should be a revered national treasure,” he points out. 
Instead, it has been neglected and has fallen prey 
to the contaminating ways of mankind, as well as 
invasive plant and animal species, and the impact of 
global climate change. 

Kerfoot’s lab studies the movements of lake sedi-
ment under normal and storm conditions and the 
lasting effects on the ecosystem of the minerals such 
as copper and mercury deposited by the mining activ-
ities that flourished for more than 100 years around 
Lake Superior. 

Others study the lake from just about every imag-
inable point of view. 

Is Lake Superior a source or a sink for carbon 
dioxide? Noel Urban, associate professor of civil and 
environmental engineering, wants to know. Can 
the coastal brook trout and sturgeon’s ecosystems be 
restored? Ask professors Casey Huckins and Nancy 
Auer. What about beach erosion and estuary flow, 
inquires Barkdoll. Can we protect the watershed 
that feeds the lake containing 10 percent of all the 
available fresh water in the world? Mayer hopes that 
answer lies in the UGLL. 

The lab itself will be a sustainably designed build-
ing with facilities to handle storm water runoff, an 
appropriate reflection of the environmental search-
and-rescue work that goes on there. Demonstration 
areas will enable researchers to study how land use 
connects to water resources.

For example, says Mayer, “We hope to test a new 
kind of asphalt that storm water can drain through, 
potentially eliminating erosion and pollution prob-
lems caused when water runs off an impervious sur-
face, like most parking lots, into lakes and rivers.”

Whether or not Superior gives up the secret of 
the wreck of the Edmund Fitzgerald, one thing is 
certain: soon there’s going to be a “perfect storm” 
of lake-related research stirring up the shores of the 
Keweenaw Waterway and the Great Lake.  t 
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T
he teacher in Mary Ann Beck-
with emerges as she works in her 
sun-lit studio on a sunny, chilly 
December day. The award-win-
ning watercolor artist discusses 

technique and Tech students. 
“The students are bright, motivated, and 

willing to try most of the things I teach,” 
she says. “Once they learn that failure is 
sometimes the result in a creative project 
and that they can make the next results 
better, they soar.”

The professor of art has won the Dis-
tinguished Teaching Award at Michigan 
Tech, and her paintings have garnered 
acclaim across the nation. 

Her latest accolades include election to 
the Watercolor USA Honor Society (one 
of only two hundred members), winning 
the Jack Richeson Award from Water-
color USA, and exhibiting at the National 
Watercolor Society in California and the 
Rocky Mountain National Watermedia 
Fortieth Annual Exhibit, where only 10 
percent of entries were accepted.

Her latest series, Looking North, recre-
ates the archetypal Keweenaw Penin-
sula scenes, continuing in the tradition of 
her other work: Pilgrim River and Boston 
Creek.

 “There are those three or four days, 
when the sun is shining, the snow is on 
the ground, and the water is just begin-
ning to freeze or thaw,” says Beckwith. 
“That’s when I gather material for my 
paintings: early winter or early spring.”

She captures the essence.
Sometimes, she says, it is the contrast of 

the light and dark patterns. Other times, 
perhaps snowshoeing to an ideal location, 
the silhouette of the rock’s edge on the 
water leaps out.

“In this latest painting (on the cover), I 
am looking north and the peninsula fun-
nels away ahead, and the soft colors in the 
distance fascinate me.”

Beckwith espouses the need for sincer-
ity: the need to paint what you truly love.

Thus, she can’t paint a palm tree, and 
desert scenes are out. “It doesn’t work for 
me,” she says. “I can paint a dog but not a 
camel.”

She believes in the wonder of how art 
happens.  

“Quietly, you begin on a blank piece 
of paper, and you think, ‘That magic will 
never happen.’ But something is tak-
ing shape, and lines, shapes, colors, and 
marks become an image. It is an amazing 
happening.” 

She equates painting to science. When 
the first solution is not the best one, 
you must try another. Creation requires 
thoughtful time and, often, many efforts 
to get the desired result.

To check a painting, she’ll use a mirror 
to gain another view, and, since it truly 
reverses the image, “It is a good test of a 
painting. I can often detect problems in 
the detail or design. I’ve even run into a 
bathroom to find a mirror.”

An example exists on Looking North. 
A line between tree and rock is “too thick, 
too white, too line-y.” With three strokes 
of a brush, it is split, color-corrected, 
natural.

“The paintings can take weeks to com-
plete, but, as in the current series, I work 
on six at a time,” Beckwith says. “After 
looking at a painting for hours, I’ll move 
on to another and maybe come back to it 
with a fresh eye.”

Her thoughts return to her students.
“I love watching them take my  

challenges and trying projects out of their 
comfort zone,” she says. “I teach them 
that taking the safe road and getting pre-
dictable results is not as fulfilling as tak-
ing some risks and finding their own voice 
in the results. I challenge them to take 
that lesson to other parts of their life.” t
FOR MORE INFORMATION  
www.vpa.mtu.edu/people/mabeckwi.htm

Looking North
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F
or David Hand, the line between 
work and play is as thin as mono-
filament. This is evident from the 
trophy lake trout on his office 
wall and in the passion that 

charges his voice when he talks about a 
deadly threat to his beloved Lake Superior 
fishery.

Since 2003, viral hemorrhagic septicemia 
(VHS) has caused massive die-offs of fish 
species ranging from walleyes to salmon in 
all of the Great Lakes—except Superior. 
Infected fish die from internal bleeding 
and often have open sores and bruised-
looking, reddish tints on their skin.

The virus that causes VHS is just one of 
dozens of exotic species that have invaded 
the Great Lakes since the St. Lawrence 
Seaway opened in 1959, bringing boats, 
trade, and money, not to mention parasitic 
sea lampreys and the like, to the hereto-
fore landlocked Midwest. Many of these 
pests are unwelcome hitchhikers in the 
ballast water of vessels ranging from plea-
sure craft to ore boats.

“Ships unload their ballast water from 
all over the world, and with it all kinds of 
exotic, invasive species, from viruses and 
bacteria to the zebra mussel,” says Hand, 

BATTLING 

THE 

BALLAST 
WATER
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a professor in the civil and environmental 
engineering department.

Hand is studying an easy, inexpensive 
way to kill VHS in ballast water using 
ordinary household bleach. It takes about 
five fifty-five-gallon drums, to disin-
fect the ten million gallons of ballast a 
big freighter might carry. A single barrel 
would work for most commercial vessels. 
If all boats passing north into Lake Supe-
rior were required to treat their ballast, 
you just might quarantine VHS.

Chlorine bleach, known to chemists 
as sodium hypochlorite, also kills many 
other microorganisms, potentially halting 
the spread of additional new species that 
could wreak havoc in the Great Lakes 
ecosystem. After it does its work, the 
bleach water can be neutralized by a num-
ber of chemicals, including vitamin C, 
before being discharged into the lake.

As simple, cheap, safe, and effective  
as this method is, it’s not being used to 
stop VHS.

“That’s because the federal ballast-water 
regulations only affect saltwater vessels,” 
Hand explains. “Not only do we need to 
prevent the salties from bringing in new 
viruses, we also need the lake carriers 
from the lower Great Lakes to treat their 
ballast, because the VHS virus is already 
in Lakes Huron, Michigan, and Erie, and 
we don’t want it in Superior.

“Federal law says all ballast water must 
be treated by 2015, but by that time, this 
fishery could be dead.”

Hand is president of the Isle Royale 
Boaters Association and spends as much 
time as he can fishing for trout around the 
two-hundred-square mile Lake Superior 
island. Near the Canadian border, pristine 
Isle Royale is home to the nation’s least 
visited national park, and Hand thinks 
those visitors who bring their own vessels 
should do their part to care for those cold, 
blue waters.

“We all need to protect the resource,” 
he says. “There are five different species of 
lake trout on Isle Royale. We don’t want 
to lose that.” t
FOR MORE INFORMATION  
www.cee.mtu.edu/people/dwh.html

Above: When ships discharge 
their ballasts, they risk 
spreading invasive species and 
viruses, and harming the fishery 
of the Great Lakes.

Left: Hand with a twenty-eight 
pound king salmon in Manistee, 
Michigan. His research aims to 
protect trophies like this and all 
Great Lakes fish. 

Opposite: David Hand, professor 
of civil and environmental 
engineering.

“The virus is already in Lakes Huron, 
Michigan, and Erie.”
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A team of Michigan Tech researchers is 
harnessing the computing muscle behind 
video games to understand the most intri-
cate of real-life systems.

Led by Roshan D’Souza, the group has 
supercharged agent-based modeling, a powerful but 
computationally massive forecasting technique, by 
using graphic processing units (GPUs), which drive 
the spectacular imagery beloved of video gamers. In 
particular, the team aims to model complex biologi-
cal systems, such as the human immune response to a 
tuberculosis bacterium.

On a computer monitor, a swarm of bright green 
immune cells surrounds and contains a yellow TB 
germ. These busy specks look like 3-D animations 
from a PBS documentary, but they are actually vir-
tual T-cells and macrophages, the result of millions of real-time calculations.

“I’ve been asked if we ran this on a supercomputer or if it’s a movie,” says D’Souza, an 
assistant professor of mechanical engineering–engineering mechanics. Their model is 
several orders of magnitude faster than state-of-the-art agent-modeling toolkits. How-
ever, this current effort is small potatoes.

“We can do it much bigger,” says D’Souza. “This is nowhere near as complex as real 
life.” Next, he hopes to model how a TB infection could spread from the lung to the 
patient’s lymphatic system, blood, and vital organs.

Dr. Denise Kirschner of the University of Michigan developed the TB model and 
gave it to D’Souza’s team, which programmed it into a GPU. Agent-based modeling 
hasn’t replaced test tubes, she says, but it is providing a powerful new tool for medical 
research.

“In a lab, you can create a mouse that’s missing a gene and see how important that 
gene is,” says Kirschner. “But with agent-based modeling, we can knock out two or 
three genes at once.” In particular, the technique allows researchers to do something 
other methodologies can’t: virtually test the human response to serious insults, such as 
injury and infection.

While agent-based modeling may never replace the laboratory entirely, it could 
reduce the number of dead-end experiments. “It really helps scientists focus their 
thinking,” Kirschner says. “The limiting factor has been that these models take a long 
time to run, and D’Souza’s method works very quickly and efficiently,” she says.

Dr. Gary An, a surgeon specializing in trauma and critical care in Northwestern 
University’s Feinberg School of Medicine, is a pioneer in the use of agent-based mod-
eling to understand another matter of life and death: sepsis. With billions of agents, 
including a variety of cells and bacteria, these massive, often fatal infections have been 
too complex to model economically on a large scale, at least until now.

“The GPU technology may make this possible,” says An. “This is very interesting 
stuff, and I’m excited about it.”

From Xbox to T-Cells:
Video Games and Human Biology
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ABOUT AGENT-BASED MODELING
Agent-based modeling simulates the behaviors of complex 

systems. It can be used to predict the outcomes of anything 
from pandemics to the price of pork bellies. It is, as the name 
suggests, based on individual agents: e.g., sick people and well 
people, predators and prey, etc. It applies rules that govern how 
those agents behave under various conditions, sets them loose, 
and tracks how the system changes over time. The outcomes are 
unpredictable and can be as surprising as real life.

Agent-based modeling has been around since the 1950s, but 
the process has always been hamstrung by a shortage of com-
puting power. Until recently, the only way to run large models 
quickly was on multi-million-dollar supercomputers, a costly 
proposition.

D’Souza’s team sidestepped the problem by using GPUs, 
which can run models with tens of millions of agents with blaz-
ing speed.

“With a $1,400 desktop, we can beat a computing cluster,” 
says D’Souza. “We are effectively democratizing supercom-
puting and putting these powerful tools into the hands of any 
researcher. Every time I present this research, I make it a point 
to thank the millions of video gamers who have inadvertently 
made this possible.”

The Tech team also looks forward to applying their model in 
other ways. “We can do very complex ecosystems right now,” 
says Ryan Richards, a computer science student working with 
D’Souza. “If you’re looking at epidemiology, we could easily sim-
ulate an epidemic in the US, Canada, and Mexico.”

“GPUs are very difficult to program. It is completely different 
from regular programming,” says D’Souza, who deflects credit to 
the Tech students. “All of this work was done by CS undergrads. 
I’ve had phenomenal success with these guys—you can’t put a 
price tag on it.”

D’Souza’s work was supported by a grant from the National 
Science Foundation. In addition to Richards, recent graduates 
Mikola Lysenko and Nick Smolinske also contributed to the 
research. t 

FOR MORE INFORMATION  
www.me.mtu.edu/meem/facultybio/dsouza.html
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R
avi Pandey was trying to determine if nanotubes would work as taxis to 
deliver chemotherapy drugs to tumors. Then he discovered something quirky 
about DNA that could revolutionize gene-sequencing technology.

Chemotherapy is a tried-and-true cancer therapy, but for many patients, 
the drugs are so toxic that the cure is worse than the disease. So, rather than 

dosing the entire person with healing poisons, scientists want to shuttle those drugs 
directly to the tumor, with carbon nanotubes serving as the shuttle.

First, however, they want to make sure they aren’t making things worse. Nanotubes 
are, as their name suggests, incredibly tiny, not much bigger than a strand of DNA. 
Common prudence would suggest that, before injecting them into people, you would 
want to make sure they don’t cause more problems than they solve.

Pandey, chair of Tech’s physics department, and his team wanted to find out if car-
bon nanotubes react with the bases of DNA—adenine, cytosine, guanine, and thymine, 
or ACGT for short. If those bases are not reactive, then carbon nanotubes are probably 
safe.

So, they went down to the sub-molecular level, to the clouds of electrons that 
hover over atoms and molecules. When molecules and atoms get close to each other, 
they deform that electron cloud. Some deform more than others, a quality known as 
polarizability.

If the polarizability is really significant, substances tend to bind strongly to each 
other. When Pandey’s group calculated the polarizability of A, C, G, and T vis-a-vis 
carbon nanotubes, however, he got good news: low binding, meaning that carbon nano-
tubes had crossed one bridge on the path to a better way to deliver chemotherapy drugs.

But Pandey noticed something else. With respect to the carbon nanotube, they found 
slight differences in each of DNA’s four bases.

“They are subtle, but there are differences in the binding energy that come from 
polarizability,” says Pandey. “At one of our conferences, we sat down at dinner one eve-
ning and asked, ‘Could we apply these differences somehow?’”

The answer was an emphatic “maybe.” Maybe you could sequence DNA by somehow 
measuring the binding energy of each of the ACGT bases, one after another. “It was a 
little hunch, a napkin decision,” he says.

Back at the University, Pandey and his team began to turn the back-of-the-napkin 
maybe into a yes, with collaboration with Trinity College, the Army Research Lab, and 
Uppsala University.

Using computer modeling, they developed a new way to sequence DNA that could be 
far easier and cheaper than current methods.

“You just pull strands of DNA through a carbon nanotube membrane with an electric 
current going through it,” Pandey says. It’s a little more complicated than that, but tiny 
changes in the voltage signal which base is which, in perfect order, along the famous 
double helix.

Present sequencing methods are expensive and slow, and Pandey hopes that their 
breakthrough might someday revolutionize the technology.

“This is only possible because the scale of materials has gone down to the nano-level,” 
says Pandey. “We’re using quantum mechanics to understand biological processes. It’s 
the fusion of biology and physics—a whole new world.” t 

FOR MORE INFORMATION 
www.phy.mtu.edu/faculty/Pandey.html

R E S E A R C H  A W A R D  W I N N E R

Pandey Finds a New Way 
to Sequence DNA
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A team of Michigan Tech mathematicians led by Professor Shuanglin Zhang, 
who was recently awarded the Richard and Elizabeth Henes Professorship 
in Mathematical Sciences, has developed powerful new tools for winnowing 
out the genes linked to some of humanity’s most intractable diseases.

With one, they can cast back through generations to pinpoint the genes 
behind inherited illness. With another, they have isolated eleven genes associated with 
type-2 diabetes.

The team spokesperson is Qiuying Sha, Zhang’s wife and an assistant professor 
of mathematical sciences. Zhang has contracted another genetically driven condi-
tion: amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig’s disease, which 
has made speaking difficult. Ironically, his work may one day pave the way to a cure. 
“With chronic, complex diseases like Parkinson’s, diabetes, and ALS, multiple genes 
are involved,” said Sha. “It is critical to develop statistical methods that can account for 
gene-gene interactions and can analyze these genes jointly.”

This team has developed the Ensemble Learning Approach (ELA), software used to 
detect a set of genes that together have a significant effect on a disease.

With complex inherited conditions, including type-2 diabetes, single genes may 
precipitate the disease on their own, while other genes cause disease when they act 
together.

In the past, finding these gene-gene combinations has been especially unwieldy 
because the calculations needed to match up suspect markers among the five-hundred 
thousand or so in the human genome have been virtually impossible.

ELA sidesteps this problem, first by drastically narrowing the field of potentially 
dangerous genes, and second, by determining which genetic variants act on their own 
and which act in combination. “We thought it will be a powerful tool to help finding 
disease-related genes for complex diseases,” Sha said.

Their work has been published in Genetic Epidemiology and is available online at 
http://www3.interscience.wiley.com/cgi-bin/abstract/117890704/ABSTRACT.

ELA is also used to compare the genetic makeup of unrelated individuals to sort 
out disease-related genes. The team has also developed another approach, which uses 
a two-stage association test that incorporates founders’ phenotypes, called TTFP, that 
can examine the genomes of family members going back generations.

“In the past, researchers have dealt with the nuclear family, parents, and children, but 
this could go back to grandparents, great-grandparents . . . as far back as you want.”

The team has published their findings in the European Journal of Human Genetics. 
An abstract is available at www.nature.com/ejhg/journal/v15/n11/abs/5201902a.html.

Other members of Michigan Tech’s statistical genetics group are postdoctoral scien-
tists Zhaogong Zhang and Tao Feng.

Now that they’ve developed the software, the analysis is relatively simple, says Sha. 
But getting the genetic data to work on is not. “We don’t have the data sets yet to work 
with,” she says, clearly frustrated.

Those who do have data sets, however, can use the team’s software to help find the 
cause—and hopefully, the cures—for a multitude of illnesses. Maybe even Lou  
Gehrig’s disease.

ELA is available in Windows and Linux versions at www.math.mtu.edu/~shuzhang/
software.html, and TTFP is available by request to Sha, qsha@mtu.edu. t

R E S E A R C H  A W A R D  W I N N E R

Zhang Studies Genetic 
Links to Diseases
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THE 
INCREDIBLE 
SHRINKING 
TRANSISTOR



Ever since UNIVAC predicted a landslide victory for Eisenhower in 1951, people have been 
driven to make electronic devices faster, cheaper, and much, much smaller. Ranjit Pati and 
Paul Bergstrom are two of the scientists at Michigan Tech who are exploring tiny technologies 
that could power the next wave of computing and make the iPhone look as quaint and stodgy 
as a two-ton mainframe.

SMALLEST OF SWITCHES, LARGEST OF POSSIBILITIES

R
anjit Pati and his team have developed a model to explain the mechanism 
behind computing’s elusive Holy Grail, the single molecular switch.

If borne out experimentally, his work could help explode Moore’s Law and 
revolutionize computing technology.

Moore’s Law predicts that the number of transistors that can be economi-
cally placed on an integrated circuit will double about every two years. But by 2020, 
Moore’s Law is expected to hit a brick wall, as manufacturing costs rise and transistors 
shrink beyond the reach of the laws of classical physics.

A solution lies in the fabled molecular switch. If molecules could replace the current 
generation of transistors, you could fit more than a trillion switches onto a centimeter-
square chip. In 1999, a team of researchers at Yale University published a description 
of the first such switch, but scientists have been unable to replicate their discovery or 
explain how it worked. Now, Pati, an associate professor of physics, thinks his team 
may have explained the mystery.

Applying quantum physics, he and his group developed a computer model of an 
organometallic molecule firmly bound between two gold electrodes. Then he turned on 
the juice.

As the laws of physics would suggest, the current increased along with the voltage, 
until it rose to a miniscule 142 microamps. Then suddenly—and counterintuitively—it 
dropped, a mysterious phenomenon known as negative differential resistance (NDR). 
Pati was astonished at what his analysis of the NDR revealed.

Up until the 142-microamp tipping point, the molecule’s cloud of electrons had been 
whizzing about the nucleus in equilibrium, like planets orbiting the sun. But under the 
bombardment of the higher voltage, that steady state fell apart, and the electrons were 
forced into a different equilibrium, a process known as “quantum phase transition.”

“I never thought this would happen,” Pati said. “I was really excited to see this beau-
tiful result.”

What’s so beautiful about it? A molecule that can exhibit two different phases when 
subjected to electric fields has promise as a switch: one phase is the “zero” and the other 
the “one,” which form the foundation of digital electronics.

Ultimately, the objective is to mimic the human brain. Brains, which have billions 
of neurons, can do more than one thing at a time: rehash last night’s hockey game, for 
instance, while driving to a lunch date and scratching an itch—what Pati calls “mas-
sively parallel” activity. As well, all of the brain’s neurons aren’t used at the same time; 
some are in “sleep” mode. The idea is to have computers do the same things—store 
memory, retrieve information selectively, process information, and communicate, “to do 
what the human brain does,” said Pati. “Molecular computing is a whole new paradigm 
of the twenty-first century.”

Pati is working with other scientists to test the model experimentally. His results 
appear in the article “Origin of Negative Differential Resistance in a Strongly Coupled 
Single Molecule-metal Junction Device,” published June 16, 2008, in Physical Review 
Letters. An abstract and a PDF file of the article are available at http://link.aps.org/
abstract/PRL/v100/e246801. t

“Molecular 
computing is 
a whole new 
paradigm of 
the twenty-first 
century.”
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ELECTRON 
TRANSISTORS 
TURN UP  
THE HEAT
IN FROM THE COLD

E
lectrons can be intractable little subatomic 
particles, which is why researchers some-
times have to dunk them in liquid helium to 
make them behave. Paul Bergstrom’s team is 
only the second research group in the world 

to build the device known as a single electron transis-
tor that minds its manners at room temperature.

The transistors vary in size; the smallest is not quite 
20 nanometers across. Line up 12,500 of them, and 
they’d be about as long as a human hair is wide. And 
on each transistor is a series of quantum dots, each 
about 8 nanometers wide and 4 nanometers thick, 
carefully deposited using a beam of gallium ions. 
“Each dot is a 3-D hemisphere,” Bergstrom explains. 
“Electrons are trapped on that dot.”

Transistors work by having their gates open or shut 
to an electric current, creating the zeros and ones 
upon which all digital life depends. Quantum dots 
could change all that. By manipulating the poten-
tial energy of the electrons on each dot, “you can 
have multiple levels of logic,” Bergstrom said, not 
just two. “Instead of having zero and one, you can 
have zero and two, zero and three, and so forth,” he 
says. The power of electronic devices would increase 
significantly.

Ultimately, single electron transistors could be 
incorporated in a new generation of nanoscale elec-
tronic devices, either by integrating them with the 
current technology or by replacing it. It’s not just a 
matter of making things littler. They will also be able 
to do lots more stuff, or, as Bergstrom says, “They 
can be integrated in smaller packages with more 
functionality.”

“It could open up whole new aspects of elec-
tronics,” he says. In particular, he is working with 
Michigan Tech’s Multiscale Technologies Institute to 
develop sensors that could detect an array of chemi-
cals, from pollutants wafting out of a coal-fired elec-
trical plant to agents used in biological and chemical 
warfare. t 

FOR MORE INFORMATION  
www.ece.mtu.edu/pages/faculty/Bergstrom.html

Paul Bergstrom works in 
the clean room in the 
Microfabrication Facility.
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J
effrey Allen, assistant professor 
in mechanical engineering-engi-
neering mechanics, has received 
a five-year, $400,000 National 
Science Foundation CAREER 

Award. His project will advance his inves-
tigations in capillary flow—how and why 
gases and liquids move (or fail to move) 
through tiny channels, such as those 
found in hydrogen fuel cells. 

Two-phase flow, a branch of fluid 
mechanics, examines systems such as 
boilers, in which a gas and a liquid are 
present. Allen investigates two-phase flow 
through very narrow tubes, which has 
applications in microelectrical-mechani-
cal systems, microscale heat exchangers, 
space-based processing, and thermal-
control technologies, as well as fuel cells. 
Two-phase flow at this very small scale, 
he says, is not well understood. 

“We’ve got a lot of data, all very quali-
tative, but we need to do quantitative 
analyses, get hard data,” Allen says. “Cur-
rently, the means to study this in a quan-
titative manner does not exist. What we 
accomplish over the next five years will 
hopefully set the stage for this. Even if we 
don’t reach the point of actually testing 
the models, we can provide the platform 
for future testing. I have two PhD stu-
dents who will also benefit.”

Ultimately, Allen expects to develop 
advanced technologies that will improve 
water management in fuel cells, an issue 
that remains a major obstacle to the 
commercialization of fuel-cell-powered 
vehicles.

On winning the award, Allen says, “It 
feels good. You’re looking into the future 
and planning research ideas for the next 
five years. Winning the award is a real 

validation. It’s a good feeling to know that 
the review committee liked the path I’ve 
laid out.” 

According to NSF, the CAREER 
Award supports “ junior faculty who 
exemplify the role of teacher-scholars 
through outstanding research, excellent 
education, and the integration of educa-
tion and research within the context of 
the mission of their organizations.”

Since 2000, fifteen Michigan Tech fac-
ulty members have been honored with the 
CAREER award. 

Allen has also been honored with the 
2009 Society of Automotive Engineers 
Ralph R. Teetor Educational Award. t 

FOR MORE INFORMATION  
www.me.mtu.edu/meem/facultybio/allen.
html

Allen’s Work with 
Two-Phase Flow Garners 
NSF CAREER Award
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D
avid Watkins says an Upper Michigan deer camp and 
a small village in Africa have something in common: 
the need for rudimentary sanitation in the form of an 
outhouse or latrine.  

Further, Watkins says, that basic technology is 
appropriate for the circumstance. It is inexpensive; it doesn’t 
rely on scarce water resources; and it can be easier on the 
environment.

“We don’t have to look at sewers and flush toilets as the world 
standard,” he says. “In rural areas, latrines are the way to go.”

Watkins, an associate professor in civil and environmental 
engineering; Lauren Fry, a PhD student in environmental engi-
neering; and former Tech professor Jim Mihelcic, now of the 
University of South Florida; made that assessment after they 
conducted an intensive data analysis that hinges on the United 
Nations’ Millennium Development Goals. 

Two goals are to reduce by one-half the number of people who 
don’t have clean water or adequate sanitation—both by 2015.

Watkins says that 900 million people in the world lack suffi-
cient clean water; 2 billion lack adequate sanitation.

Providing both resources is part of the UN’s goal of eradicat-
ing poverty. Overall, achieving the clean-water goal is on sched-
ule, while the sanitation goal is not.

The three scientists strived to determine the reasons for the 
lag in sanitation development by analyzing social and economic 
factors, that are believed to affect the delivery of sanitation in 
underdeveloped countries.

They found several measures that relate to the problem: cor-
ruption in government, a country’s gross domestic product, and 
the level of foreign investment.

Another key is gender equality. “The more that women are 
involved in community decision making, the bet-

ter the chance of a successful sanitation project,” 
Watkins says. “Women deal with bad water 

and sick children on a daily basis. When 
you talk with them about that, women 

get it and are very interested in 
seeing sanitation facilities.”

Keeping it Clean
900 MILLION PEOPLE IN THE WORLD LACK SUFFICIENT  
 CLEAN WATER; 2 BILLION LACK ADEQUATE SANITATION.
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Watkins says sanitation also suffers from an image problem. “You bring 
water to someone’s home, and they turn on a tap and they see clean, run-
ning water—that’s a project you can feel proud about. Nobody feels as proud 
of a latrine, digging a pit. It’s not very glamorous.”

Fry, who wants “to do something that has a positive impact on the world,” 
asks, “Why isn’t the world concerned about sanitation? Is it that they don’t 
care? Is it that they don’t have enough water resources? Is it financing? Is it 
a lack of public will? That’s why we’re looking at social and economic values 
related to providing sanitation coverage in underdeveloped countries.”

Delivering that sanitation is a thorny problem. While latrines might be 
the answer in rural areas, they aren’t adequate for urban areas, where there is 
simply no room. So a more traditional approach—toilets and flushing waste 
away with water—is more desirable. 

But, typically, the effluent from this technology goes straight into lakes 
and streams without being treated, causing disease and environmental deg-
radation. As well, the system often consumes an already insufficient water 
supply. Even septic systems come up short, with no sanitary disposal of the 
waste. 

“It’s a very bad situation,” Fry says. “We need sanitation technology that 
either reduces the amount of water use or allows for its reuse.”

Fry brings hands-on experience to her inquiry. She participated in Tech’s 
Peace Corps Master’s International program, serving two years in Camer-
oon, where she worked on providing and protecting clean water, as well as 
building latrines in small villages. She also is working on a clean-water proj-
ect in Bolivia.

Fry, Watkins, and Mihelcic stayed close to home for their data collection 
and analysis, poring over publicly available data country by country. They 
were intrigued by the trends they saw in the data. Now they want to study 
the matter on a smaller geographic scale, as well as focus on urban slums. 
“We’ve barely scratched the surface,” Watkins says. 

The overall goal, he adds, “is to help guide policy” on the part of govern-
ments and donor organizations.

Watkins says that there can be some simple solutions to this complex 
problem.  “As engineers, we like to build stuff,” he says. “But washing hands 
is really important, too.”

In typical engineering language, he calls the entire scenario “a triangle 
of linkages—sanitation, clean water, and good hygiene are all needed to 
improve health.” t
FOR MORE INFORMATION  
www.cee.mtu.edu/people/dww.html

900 MILLION PEOPLE IN THE WORLD LACK SUFFICIENT  
 CLEAN WATER; 2 BILLION LACK ADEQUATE SANITATION.

Top: David Watkins and Lauren Fry.

Above: Yakoubu Yussif (left) and James Dumpert ‘08 
inspecting some ventilated improved pit latrines in a 
small village in northern Ghana.
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T
he nervous system is one of the 
most complex in the human 
body, and Jared Cregg, a junior 
in biomedical engineering, wants 
to develop ways to help it regen-

erate after injury.
It’s an ambitious goal, he says, because 

“the central nervous system is the part of 
the body that gives us cognizance.”

Neurons, he explains, “innervate 
muscles, organs, and glands. They give 
us feeling. They regulate the heart rate 
and control muscle activity. A transected 
nerve in the peripheral system (arms and 
legs) can prevent normal functioning of 
a limb, or, if the spinal cord is cut, can 
prevent functioning in the majority of the 
body.”

Once cut, neurons within the spinal 
cord try to regenerate, but do so hap-
hazardly, and they can’t make their way 
through scar tissue.

Ultimately, severed neurons degener-
ate and atrophy, which leads to paraly-
sis. There are no treatments for paralysis 
beyond extensive physical therapy. The 
abiding goal of researchers: reestablish 
lost functions like sensation, locomotion, 
and even breathing. 

Cregg is fascinated with those pros-
pects. Under the direction of Assistant 
Professor Ryan Gilbert, he uses polymeric 
biomaterials—“small, smart stuff”—that 
he uses to construct “conduits” to manipu-
late the direction of neuronal growth.

He sees such inquiry as a lifelong ambi-
tion. “Focusing on the nervous system is 
something I would love to do,” he says.  

He aspires to “advance the field”—under-
stand disease or injury and how it could 
be treated.

As an undergraduate researcher, Cregg 
has the perspective of a seasoned scien-
tist: “You have to trust the many scien-
tists who have worked so hard to discover 
these things before you,” he says. “You 
have to have faith in science in order to be 
a successful scientist. We’re only begin-
ning to understand how complex comput-
ers, like ourselves, work.”

He appreciates the opportunity to work 
with faculty like Gilbert. “They help me 
figure out if ideas are valuable or flawed. 
You can have tons of ideas, but the labo-
ratory work is most important. Without 
spending time in the lab, ideas are just 
ideas.”

There is a worldwide effort to under-
stand the nervous system and develop 
artificial materials that can trigger effi-
cient nerve regeneration.

Cregg sees himself as a small part of 
this big job. “I’d just like to contribute,” 
he says. t
FOR MORE INFORMATION 
www.biomed.mtu.edu/Faculty/gilbert.htm

Undergraduate R E S E A R C H

Regenerating the 
Nervous System

Jared Cregg
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Undergraduate R E S E A R C H

M
ichigan Tech researchers, 
addressing osteoarthritis, 
have discovered something 
unforeseen and intriguing, 
but only time will tell the 

impact it may have on society. 
The research involved is part of Asso-

ciate Professor Tammy Haut-Donahue’s 
quest to prevent osteoarthritis, a common 
and painful disability that affects more 
than twenty million Americans.

The condition results from the break-
down of joint cartilage, which covers the 
ends of bones. With less cushion, more 
cartilage is worn away, and a painful rub-
bing of bone on bone occurs.

Haut-Donahue’s inquiry centers on the 
knee, in particular, the meniscus, which 
includes two crescent-shaped buffers of 
fibrocartilage that disperse friction and 
distribute the load where the femur and 
tibia meet in the knee joint.

It’s a broad investigation that involves 
collaboration with scientists at Michigan 
State University. At Tech, Haut-Donahue 
leads a research team of five doctoral stu-
dents and three undergraduates.

One of the latter is Nicole Lepinski, a 
Minnesota native who is looking into the 
degradation of the meniscal cartilage as a 
result of traumatic injury.

Lepinski, a senior, has looked at how 
the meniscus responds to a damaged 
anterior cruciate ligament (ACL), a tough 
strap of tissue that helps hold the knee in 
place. Her research looks at the number of 
cells in the meniscal tissue and the subse-
quent changes in cell density as the tissue 
degrades.

In an attempt to understand sports 
injuries, other researchers have surgically 
severed the ACL and assessed the impact 
of the cut on the knee joint meniscus. 
They found little or no changes. This is 
not natural, however, as normally there is 

an impact that occurs to traumatically tear 
the ACL, such as during a jump landing 
in basketball.

Lepinski’s work is novel: instead of cut-
ting the ACL, she works with impacted 
knee joint models with torn ACLs, as 
would occur in many sports-related 
injuries. 

Lepinski’s finding: the meniscus mor-
phology is altered and shows signs of 
degradation when the ACL is torn trau-
matically. “The number of cells seems 
to stay the same, but the density has 
increased,” she says.

“Her findings aren’t what we expected,” 
Haut-Donahue says. “In fact, we were 
expecting to see a decrease in the number 
of cells.”

The significance? “There are, in fact, 
changes that occur in the meniscus fol-
lowing traumatic ACL injury, and, there-
fore, surgeons might need to treat the 
meniscus as well as the torn ACL to pre-
vent osteoarthritis,” Haut-Donahue says.

As well, once scientists understand 
the complicated processes that lead to 
degeneration of the knee joint, they could 
develop treatments to protect the menis-
cal cartilage following trauma and prevent 
the underlying articular cartilage in the 
knee joint from deteriorating in the first 
place.

Lepinski’s work included authorship of 
a scholarly paper. She describes her proj-
ect as “a great academic opportunity that 
could one day have even greater medical 
applications.”

“I’ve always been interested in life pro-
cesses,” she adds. “Our bodies are their 
own universe.” t
FOR MORE INFORMATION
www.me.mtu.edu/meem/facultybio/ 
donahue.html

A Small World 
in a Universe

Nicole Lepinski

TO HELP SUPPORT UNDERGRADUATE RESEARCH 
David Reed 
Vice President for Research 
906-487-3043 
ddreed@mtu.edu
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C
oncrete is the number one build-
ing material in the world and 
ranks second only to water as 
the most consumed substance on 
Earth. Cement, a key ingredi-

ent in concrete, has a large carbon foot-
print. PhD student Melanie Kueber is 
part of a team that wants to reduce the 
use of cement by replacing more of it with 
coal fly ash. The process would use what 
was once a discarded material as a use-
ful one that would mitigate stress on the 
environment.

Fly ash is a by-product of coal combus-
tion to produce electricity. “Power plants,” 
Kueber says, “are focused on the efficient 
production of electricity. When they can 
sell a by-product like fly ash, then they’ve 
won twice.” In 2007, 72 million tons of fly 
ash were produced in the US. About 44 
percent was beneficially used, with about 
half of that amount in concrete.

Fly ash has been used in concrete  
since the 1930s. Currently, when used in 
highway concrete, it makes up about 5 to 
15 percent of the total cementitious mate-
rial used. Kueber envisions increasing 
that to 25 percent shortly, with govern-
ment and industry targeting 50 percent 
by 2010. “We want to come up with an 
inexpensive way to use fly ash just like it 
is,” Kueber says.

Several problems face researchers work-
ing on this initiative: carbon in coal fly 
ash causes adsorption of air-entraining 
chemicals, which compromises the con-
crete air-void system and makes the con-
crete susceptible to damage from freezing 
and thawing; in different power plants, 
different coal fuels, and burning con-
ditions produce inconsistencies in the 
makeup of fly ash, which makes higher 
replacement rates “risky,” with regards to 
achieving the necessary concrete strength.

Kueber earned a bachelor’s degree in 
civil engineering from Michigan Tech, 
a master’s in project management from 
Northwestern University, and is now 
back at Tech as a doctoral student in civil 
engineering. She has been supported by 
the University Transportation Center for 
Materials in Sustainable Transportation 
Infrastructure (UTC-MiSTI) at Michi-
gan Tech, has received the UTC Student 
of the Year Award, and has been named a 
trainee in the NSF-sponsored Integrative 
Graduate Education and Research Train-
eeship (IGERT) program that focuses on 
sustainability.

Before returning for doctoral studies, 
she spent eight years in industry, includ-
ing five years with the Illinois Depart-
ment of Transportation. That work gave 
her insight into the scope of making and 
maintaining roads. 

“It takes so much money and time and 
human effort,” she says. “The process is 
surprisingly complex.” So she returned to 
Tech to work with researchers on finding 
a better, simpler, and more-sustainable 
way to build roads and other structures.

Kueber is on a research team that 
includes two other students; Professor 
Lawrence Sutter, director of the Michi-
gan Tech Transportation Institute; and 
Professor David Hand of the Department 
of Civil and Environmental Engineering. 
Sutter is an expert on concrete chemistry; 
Hand is an expert on carbon applications.

Kueber takes a multidisciplinary 
approach to her work. “Concrete is a com-
plex mix of chemicals,” she says. There-
fore, she is studying organic and physical 
chemistry to learn how ingredients in 
concrete interact.

She never envisioned studying chem-
istry. “I chose the tough road because it’s 
the path to solve the problem. Tech pro-
fessors always challenge students. I expect 
nothing less.”

The implications of this inquiry are 
huge. It is estimated that the production 
of concrete will total two billion tons by 
2010. Using fly ash as a component, then, 
has significant economic and environmen-
tal benefits

The goal: to develop new tests and 
specifications. The hope: that the industry 
adopts and implements the findings.

Kueber says the team anticipates success 
and adds, “The faculty leaders  
and student researchers have the expertise 
and the perfect resources needed to make 
this work.”  t
FOR MORE INFORMATION 
www.concrete.mtu.edu/staff/sutter.html

Graduate R E S E A R C H

Making Concrete Greener

Melanie Kueber
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R
üdiger Escobar-Wolf is a native 
of Guatemala who grew up in 
the shadow of volcanoes. Thus, 
he says, it was “a natural” that 
he would end up studying these 

fiery mountains.
Escobar-Wolf is working on a PhD in 

Geology, and he made the trek to Tech 
after he met Professor Bill Rose, who does 
extensive work in Guatemala. Escobar-
Wolf had been working for a Guatemalan 
government agency that deals with disas-
ters. Now his research involves assessing 
the risk of active volcanoes that might 
harm populations.

Guatemala is part of the volatile Pacific 
“Ring of Fire” that stretches from Alaska 
to southern Chile. The agitation results 
from plate tectonics—in this case, the 
Pacific Cocos Plate moving east and being 
pushed under the continental Caribbean 
Plate, causing magma to rise from the 
depths and form volcanoes at the surface.

“As we speak,” Escobar-Wolf says, 
“there are three volcanoes erupting in 
Guatemala.” He is studying one in par-
ticular, Fuego: Spanish for “fire.”

There are three major hazardous phe-
nomena that volcanoes discharge: lava 
flows that ooze out of a volcano slowly; gas 
and ash that rise and form huge clouds; 
and the deadly pyroclastic flows—a heavy 
mixture of dust, gas, and rock that “tum-
bles down the mountainside like a hot 
rock avalanche.”

Pyroclastic flows can suddenly reach 
populated areas, and several towns and 
villages with about 25,000 people are 
within the reach of Fuego. As recently as 
2003, a pyroclastic flow extended almost 
five miles. “That was a close call for peo-
ple of one village,” he says. 

Escobar-Wolf ’s work is to assess the 
possibility of such an eruption so people 

can flee from harm’s way, much the way 
hurricane warnings function.

He says that Fuego erupts almost 
constantly. “There’s hot ash and rock on 
the perimeter of the mountain all the 
time. We’re worried about when activity 
intensifies.”

The surface area at the foot of Fuego 
abounds in volcanic deposits that are 
hundreds of years old. As part of their 
investigation, Escobar-Wolf and col-
leagues study historic deposits, and if they 
contain charcoal or charred wood, they 
can date them and reconstruct a history 
that might inform their inquiry. As well, 
these scientists measure seismic activity, 
gas, temperature, gravity, deformation, 
and noise—all “to infer something about 
magma rising.”

The idea: try to come up with corre-
lations that might indicate the onset of 
out-of-the-ordinary volcanic activity and 
forewarn people of imminent danger.

“You can’t say for sure what will hap-
pen,” he says. “Volcanoes are way too 
complex to do that. So we do a forecast 
rather than a prediction. We are trying to 
give a probability, a likelihood.”

The work is not without its dangers, 
and there have been catastrophes. “We do 
a good job of not exposing ourselves to 
danger unnecessarily,” Escobar-Wolf says. 
“Some people take much larger risks than 
what I would consider necessary. You don’t 
have to get that close to get good data.” t
FOR MORE INFORMATION 
www.geo.mtu.edu/profile/RAMAN.HTM 

TO HELP SUPPORT GRADUATE RESEARCH 
Jacque Smith, Director of Graduate  
Marketing and Advancement 
jacque@mtu.edu 
906-487-1434 
www.gradschool.mtu.edu

Graduate R E S E A R C H

Volcanoes’ Dangerous Reach

Rüdiger Escobar-Wolf
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Advanced Power Systems  
Research Center (APSRC)
www.me.mtu.edu/research/power
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jnaber@mtu.edu, 906-487-2378
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Iron and Steel Center (ASISC)
Director, S. Komar Kawatra
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Chemical Engineering
caneba@mtu.edu, 906-487-2051
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Director, Michael Mullins
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memullin@mtu.edu, 907-487-1445
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www.ece.mtu.edu/pages/CISSIC
Director, Michael Roggemann
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mroggemann@mtu.edu, 906-487-2164
Center for Technological Innovation, 
Leadership and Entrepreneurship 
(CenTILE)
www.centile.mtu.edu
Director, Robert Mark
School of Business and Economics
remark@mtu.edu, 906-487-2710
Computational Science and 
Engineering Research Institute (CSERI)
www.cse.mtu.edu/projects.html
Director, Phillip Merkey
Mathematical Sciences and Computer 

Science, merk@mtu.edu, 906-487-2220

Ecosystem Science Center (ESC)
ecosystem.mtu.edu
Director, Andrew Burton
School of Forest Resources and 

Environmental Science
ajburton@mtu.edu, 906-487-2566
Institute for Engineering Materials (IEM)
Director, Peter Moran
Materials Science and Engineering
pdmoran@mtu.edu, 906-487-3095
Institute for Interdisciplinary  
Studies (IIS) 
www.iis.mtu.edu
Director, Robert Warrington
Institute for Interdisciplinary Studies
row@mtu.edu, 906-487-4371
Institute of Materials Processing (IMP)
www.imp.mtu.edu
Director, J. Y. (Jim) Hwang
Materials Science and Engineering
jhwang@mtu.edu, 906-487-2600
Keweenaw Research Center (KRC)
www.mtukrc.org
Director, Jay Meldrum
jmeldrum@mtu.edu, 906-487-3178
Lake Superior Ecosystem  
Research Center (LaSER)
www.bio.mtu.edu/research/LSERC
Director, W. Charles Kerfoot
Department of Biological Sciences
wkerfoot@mtu.edu, 906-487-2769
Michigan Tech Center for Water and 
Society (MTCWS)
www.mtcws.mtu.edu
Director, Alex Mayer, Geological and 

Mining Engineering and Sciences
asmayer@mtu.edu, 906-487-3372
Michigan Tech Research Institute (MTRI)
www.mtri.org
Co-Director, Robert Shuchman
shuchman@mtu.edu, 734-913-6860
Co-Director, Nikola Subotic, 
nsubotic@mtu.edu, 734-913-6859

Michigan Tech Transportation  
Institute (MTTI)
www.mtti.mtu.edu
Director, Larry Sutter
llsutter@mtu.edu, 906-487-2268 

Multi-Scale Technologies Institute 
(MuSTI)
www.me.mtu.edu/Institutes/MuSTI
Director, Craig Friedrich, Mechanical 

Engineering-Engineering Mechanics
craig@mtu.edu, 906-487-1922
National Institute for Climatic Change 
Research (NICCR)
niccr.mtu.edu
Director, Andrew Burton
School of Forest Resources and 

Environmental Science
ajburton@mtu.edu, 906-487-2566
Power and Energy Research Center (PERC)
www.ece.mtu.edu/perc
Director, Bruce Mork
Electrical and Computer Engineering
bamork@mtu.edu, 906-487-2857
Remote Sensing Institute (RSI)
www.rsi.mtu.edu
Director, Will Cantrell, Physics
cantrell@mtu.edu, 906-487-2356
Sustainable Futures Institute (SFI)
www.sfi.mtu.edu
Directors, John Sutherland, Mechanical 

Engineering-Engineering Mechanics
jwsuther@mtu.edu, 906-487-3395
David Shonnard, Chemical Engineering
drshonna@mtu.edu, 906-487-3468

University Transportation Center—
Materials in Sustainable Transportation 
Infrastructure (MiSTI)
www.misti.mtu.edu
Director, Larry Sutter
llsutter@mtu.edu, 906-487-2268

Research Centers and Institutes
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Michigan Technological University
1400 Townsend Drive
Houghton, MI 49931-1295

Off the stern of the R/V Laurentian, the sun 
sets on Lake Superior, where faculty and 
students attempt to unlock the mysteries 
of the deep, expansive lake. With the new 
Upper Great Lakes Laboratory, they’ll have 
more opportunities to explore, learn, and 
teach. (See page 4.)


