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On the cover
Occasionally the Earth shrugs its shoulders and reminds us 
that our powers have limits. The eruption of Eyjafjallajökull, 
pictured here with lightning flashing from its ash cloud, was 
a case in point. Yet the grounding of European air traffic for 
a few weeks, while vastly inconvenient for our own species, 
was not such a big deal in the grand scheme of things. 
Research by Michigan Tech’s Aleksey Smirnov suggests that 
the same heat engine underlying Iceland’s volcanoes was 
once responsible for an ancient apocalypse so immense it 
has become known as “The Great Dying.” The story begins 
on page 14.
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Taming the divas of the 
nanoworld
Boron nitride nanotubes are the divas of 
the nanoworld. In possession of alluring 
properties, they are also notoriously 
temperamental.

On the plus side, they can withstand 
incredibly high heat, well over 1,100 
degrees Celsius, says Yoke Khin Yap, 
an associate professor of physics. Their 
electrical properties are remarkably uni-
form. Perfect insulators, boron nitride 
nanotubes could be doped with other 
materials to form designer semiconduc-
tors that could be used in high-powered 
electronics.

Unfortunately, making nanotubes 
from boron and nitrogen has been 
easier said than done. They have 
always required special instrumenta-
tion, dangerous chemistry, or tempera-
tures of over 1,500 degrees Celsius to 
assemble. Even at that, the products 
are shot through with impurities.

“We’ve been stuck for more than 
ten years because nobody could grow 

them well on substrates,” says Yap. 
“But now we can.”

Yap and his team have grown 
virtual Persian carpets of tiny, 
perfect fibers on a substrate 
made from simple catalysts, 
magnesium oxide, iron, 
or nickel. And they have 
managed it using the same 
instrumentation for grow-
ing carbon nanotubes, 
at about 1,100 degrees 
Celsius.

The boron nitride 
nanotubes can be made to 

assemble exclusively on these 
catalysts, so the researchers can 

control precisely where they grow. 
“You could write ‘Michigan Tech’ in 

nanotubes,” says Yap.
These transparent nanotube sheets 

have another interesting property: they 

shed water like a duck’s back, a quality 
known as the lotus effect. “Water 
just slides away,” he says. “Anything 
coated with it would not only be stain 
resistant, it would be protected from 
anything water-soluble.” This super-
hydrophobicity holds at all pH levels, 
so anything coated with it would be 
protected from even the strongest 
acids and alkalies.

History of greed, power, and the 
Golden Gate receives accolades
Historian Louise Nelson Dyble has 
received the Abel Wolman Award for 
her 2009 book on the world’s most 
famous bridge. Presented by the Public 
Works Historical Society, it recognizes 
the best new work in public works 
history.

Paying the Toll: Local Power, 
Regional Politics, and the Golden Gate 
Bridge tells the tale of the Golden 
Gate Bridge from 1923, when it was a 
mere twinkle in the eyes of Northern 
California boosters, who hoped to lure 
tourists and their dollars north, and 

Physicist Yoke 
Khin Yap has 
discovered how 
to grow carpets 
of boron nitride 
nanotubes on  
substrates of 
simple catalysts. 
IMAGE COURTESY OF  
YOKE KHIN  YAP

4 Research 2011



San Francisco leaders, who felt a link 
with Marin County would cement their 
city’s position as the region’s main 
metropolis.

Dyble then tracks the history of the 
Golden Gate Bridge and Highway Dis-
trict—a special agency formed only to 
finance and build the bridge. Although 
voters were originally promised that the 
bridge would be free once it was paid 
for, the bridge district didn’t want to 
die. Instead, it fought for survival and 
won, despite a growing reputation for 
extravagance and corruption. For the 
toll-paying public, the district became 
a loathed symbol of government gone 
hideously wrong.

Paying the Toll is a cautionary tale 
for communities faced with financing a 
major public works project. To cash-
strapped state and local governments, 
handing projects over to quasi-inde-
pendent authorities can seem like an 
ideal solution. But yielding control often 
has a price down the road. “If the only 
focus is on building infrastructure and 
getting it financed quickly and cheaply, 
you can get in trouble,” says Dyble. 
“You have to consider the long-term 
consequences of how you do it.” The 
winners may not be who you think.

Using mining waste to grow an 
industry
A project is under way to use the 
Keweenaw’s stamp sand, a barren and 
unsightly leftover of the copper mining 
in the region, as the bedrock of an 
economic boon.

Aesthetically unattractive, the sands 
are a financial beauty—expansive, 
accessible, and ideal for making roofing 
shingles, which are the biggest part of 
the $9 billion roofing industry. 

Shingles are 30 percent asphalt and 
70 percent rock granules. Those rocky 
granules are expensive: Manufacturers 
have to mine the rock, crush it, and add 

copper to retard the growth of moss, 
lichen, fungus, and algae. Stamp sand 
has already been mined and crushed, 
and it contains the copper naturally. 

“We can use material that we 
already have,” says Ralph Hodek, an 
associate professor of civil and envi-
ronmental engineering. “Recycling 
stamp sand is a very, very good thing. 
We’re hoping not only to make a major 
financial impact for the area, but also to 
remove this unsightly material.”

Hodek devised an additive and a pro-
cess to better adhere the stamp sand 
to the asphalt. “It has to bind and hang 
on for twenty to thirty years,” he says.  
“We significantly improved the 
tenacity.”

Michigan Tech alumnus Domenic 
Popko, of Big Traverse Bay, is the entre-
preneur behind this enterprise. While at 
the Institute for Materials Processing, 

he began his inquiry into exploiting 
the antimicrobial properties of stamp 
sands. 

In the short term, the team hopes to 
establish a local plant that could employ 
up to forty people supplying stamp 
sand to the roofing industry. Eventually, 
they would like to develop a facility 
for manufacturing shingles that would 
employ three hundred people. 

One man’s trash is another man’s 
treasure? “That’s what they say,” says 
Popko. “We’ll see.”

Ralph Hodek with 
a handful of stamp 
sand, a copper-rich 
waste product of 
mining that brings 
fungicidal properties 
to roofing shingles.
JONATHAN MAY PHOTO
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Stressed-out poplars 

People aren’t the only things that suffer 
from stress. Trees deal with it too. 

Too much or too little water can 
stress a tree, as can pollution, climate 
change, or scarcity of a nutrient. 

Helping trees and crops adapt to 
stress is a key goal of plant biolo-
gists worldwide. Now research led by 
Victor Busov, associate professor in 
the School of Forest Resources and 
Environmental Science, has identified 
the molecular mechanism that Popu-
lus—common poplars, cottonwoods, 
and aspens—uses to adapt to chang-
ing soil conditions, as well as some of 
the genes that turn the process off or 
on. They hope to apply what they’ve 
learned to find ways to make them 
more stress-tolerant.

With colleagues at Michigan Tech, 
the University of Georgia, Oregon State 
University, and the Beijing Forestry Uni-
versity, Busov searched through thou-
sands of genes in the Populus genome 
for the mechanism that regulates the 
plant’s decision to grow tall or to spread 
out its roots to find what it needs.

The key players turned out to be a 
family of hormones called gibberellins, 
referred to as GAs.

The researchers found that GAs 
interact with other plant hormones to 
tell the plant whether to reach for the 
sky or build a bigger, better network  
of roots.

The scientists compared the root 
and stem growth of GA-deficient trees 
to others that contained moderate 
amounts of GAs and a control group of 
wild-type plants with normal GAs. They 
found that the more GAs, the more a 
plant’s stem flourished, while its roots 
remained spindly. When production of 
GAs was shut down, the plants looked 
dwarfed, while their lateral roots grew 
luxuriant and full.

”Our hope is that by understanding 
how this works, we can manipulate the 
system so the plants can adapt faster 
and better to stressful conditions,” 
Busov explains.

The researchers reported on their 
work in the March 2010 issue of The 
Plant Cell.

Bridges in trouble: diagnosing 
their ills from a distance

Tess Ahlborn believes we could learn a 
lot from bridges, if only we could hear 
what they have to say. Now, she aims 
to find the best ways to listen in.

Ahlborn, a professor of civil and envi-
ronmental engineering, leads a team of 
two dozen Michigan Tech researchers 
working to identify the best remote-
sensing technologies for monitoring  
the health of bridges. The goal of the 
$2.8 million project goes beyond pre-
venting disasters like the one that befell 
Minneapolis’s I-35W bridge in August 
2007. “We hope this will help decision 

makers make 
informed choices 

about what bridge 
should be repaired next.”

And there are so many 
choices. “Our bridges are in 
rotten condition,” she says. “The 

US got a grade of C overall on 
the condition of its bridges, and 

Michigan got a whopping D.” The 
project is funded by $1.4 million from 
the US Department of Transportation’s 
Research and Innovative Technology 
Administration, in-kind services from 
the Michigan Department of Trans-
portation and the nonprofit Center for 
Automotive Research, and additional 
support from Michigan Tech. Research-
ers on the multidisciplinary project are 
drawn from the on-campus Michigan 
Tech Transportation Institute and the 
Michigan Tech Research Institute in 
Ann Arbor.

As with people, bridges start getting 
sick long before they develop obvi-
ous symptoms. “Lots of things are 
involved in a bridge’s condition,” says 
Ahlborn. Water can seep into minute 
fissures and form cracks as it freezes 
and thaws. Forces ranging from heavy 
traffic to tiny earthquakes can take their 
toll. And with on-site inspections occur-
ring only once every two years, moni-
toring a bridge’s condition has been a 
difficult challenge. But technologies 
developed in recent years could very 
well make the inspector’s job easier.

“We can use remote sensing to do 
everything from diagnosing illnesses to 
finding wetlands,” Ahlborn says. “We 
ought to be able to use it to find out 
what’s wrong with bridges.”

The aim of the research is not to 
develop new remote-sensing tech-
nologies, she stresses. “We want to 
identify existing technologies that show 
promise and are affordable.”

In addition to monitoring and 
accessing bridge conditions, the 
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technology must also make information 
easily available for those responsible for 
bridge maintenance and repair. “This 
isn’t meant to eliminate bridge inspec-
tors,” Ahlborn stressed. “It should be  
a tool that allows them to do their  
jobs better.”
For more information 
mtti.mtu.edu/bridgecondition

Clean genes
Birds do it, bees do it. Even scientists 
in labs do it. But the scientists can’t 
hold a candle to the birds and the bees, 
who can make gobs of primo DNA 
without even thinking about it.

DNA is a critical element of gene 
therapy, and scientists working to 
develop cures for diseases make it with 
synthesizers. Unfortunately, synthesiz-
ers don’t do nearly as good a job as 
cells in stringing nucleic acids together 
to make DNA, and many of the result-

ing sequences—called truncated 
DNA—are too short and must be 
discarded.

Isolating perfect DNA sequences  
is so expensive that some clinical trials 
for gene therapy drugs have been 
put on hold for lack of funding. A 
discovery by Shiyue Fang, an 
associate professor of chemis-
try, could change that.

“Our method can provide 
high-quality, pure synthetic 
DNA by the kilogram at 
a much lower cost,” he 
says. It could also be used 
to purify RNA and other 
biological molecules, such as 
peptides, that have potential 
as pharmaceuticals.

Fang adds monomers—mol-
ecules that can link together into 
polymers—to the nucleic acids in 
a stock DNA synthesizer. Truncated 
DNA won’t attach to the monomers, 

but all other strands of DNA will. Then, 
once the synthesis is complete, the 
monomers join together to form a long 
polymer hanging with perfect DNA 
sequences, like clean laundry on a 
clothesline. “Then we just snip them 
off,” says Fang. “It’s a nice trick.”

Fang’s process does not weed out 
those few DNA sequences that are 
too long or are missing a nucleic acid. 
“Fortunately, these impurities exist only 
in minute quantities,” he says.

Fang is now tweaking the process 
so that the monomers attach only to 
the truncated DNA. It’s relatively easy 
to wash the polymers out of the solu-
tion, leaving behind the perfect strands.

Fang has filed a patent application on 
the process and hopes it can soon be 
put to good use by medical research-
ers. And, as DNA drugs enter the 
market, his purification method could 
drastically reduce manufacturing costs.

Fang’s work has been funded by the 
National Science Foundation.

Tess Ahlborn leads a $2.8 million project to 
identify technologies that can alert officials 
when bridges are in trouble. 
RYAN SCHUMACHER PHOTO
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Book illuminates why  
aunts matter

Perhaps she let you do things Mom 
and Dad didn’t. Maybe she made you 
work hard but paid you for your chores. 
There are myriad other examples of 
relationships most of us have had with 
aunts, and a new book explores their 
importance in our lives.

Humanities professor Patty Sotirin 
has authored Aunting: Cultural Practices 
that Sustain Family and Community 
Life, published by Baylor Press and 
coauthored by Laura Ellingson of Santa 
Clara University. The book uncovers 
many stories and some surprising 
nuances about our interactions with our 
aunts—those to whom we are related 
and those whom we choose.

Many of the strong connections with 
aunts exist because this role is more 
flexible than parenting, Sotirin says. 
And aunts don’t have to be related, 
either, hence the new verb, “aunt-
ing,” a set of practices that supports 
personal, familial, and community 
bonds through material, emotional, and 
symbolic means.

“Even a stepmom or a mentor  
at school can do aunting,” says Sotirin. 
“Laura (Ellingson) and I realized  
early that aunting was a rich and  
complex topic.”

Aunting involves emotional and 
socialization aspects that are both 
varied and flexible.

“We heard stories of aunts who 
indulged their nieces and nephews, 
aunts who were strict and demanding, 
and eccentric aunts,” she says.  

“Aunts can operate with different 
rules—outside but not necessarily 
contrary to—those in your house.”

Also, aunts show both nephews and 
nieces that there are many life choices 
possible.

“Each aunt shows a different life 
path. One may be a career woman, 
another a stay-at-home mom,” Sotirin 
says. “One aunt may seem like a great 
role model, another’s situation may 
make a niece or nephew realize the 
consequences of certain choices.”

Sotirin and Ellingson are already  
busy on their next project: aunts in 
popular culture. “Aunt Bee on Andy 
Griffith, Auntie Em in The Wizard of 
Oz, and Auntie Mame all take care of a 
nephew or niece, but they each do that 
very differently,” Sotirin says. “These 
aunts may reaffirm family values and 
ideals, but they can also be seen as 
examples of more alternative, more 
eccentric families.”

A research center for the  
Great Lakes

The University broke ground in August 
for a facility that will embody a major 
component of Michigan Tech’s 

research. A thriving program in water 
resources studies and education makes 
Tech a natural location for the Great 
Lakes Research Center. 

The $25.3 million center on the 
campus waterfront will include aquatic 
laboratories, a hydraulics lab, coastal 
research instrumentation, boathouse 
facilities, offices, and conference 
rooms—all housing interdisciplinary 
research and education related to the 
Great Lakes. 

It will also further a research and 
educational partnership between 
Michigan Tech and the US Army Corps 
of Engineers’ Research and Develop-
ment Center Environmental Laboratory, 
in Vicksburg, Mississippi, the corps’s 
water resources research facility. Michi-
gan Tech and the Corps of Engineers 
will conduct cross-disciplinary research 
and education focusing on protection 
and restoration of the Great Lakes. 
Vicksburg scientists will work collabora-
tively with Michigan Tech researchers 
and students in both locations.

The state is paying 74 percent of 
the cost. Michigan Tech’s share is 26 
percent, approximately $6.6 million.

Construction is expected to be com-
pleted in spring 2012.

The new Great Lakes Research 
Center will provide a frame-
work for studying a system 
containing 22 percent of the 
world’s fresh water.
ARTIST’S RENDERING COURTESY OF FTC&H
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Humanities, arts in NSF’s Top 100

Michigan Tech is accustomed to high 
rankings from the National Science 
Foundation when it comes to research 
expenditures in engineering and sci-
ence. But, lately, some nonengineering 
fields have been getting noticed.

The Visual and Performing Arts and 
Humanities have both finished within 
the top 100 on NSF’s 2008 research 
expenditure rankings, released in 2010. 
Among all universities, Visual and Per-
forming Arts ranked fifty-ninth, while 
Humanities was eighty-seventh. Michi-
gan Tech was ranked sixty-sixth among 
universities without medical schools.

So, why now, and why is this  
important?

David Reed, vice president for 
research, says that NSF now includes 
these disciplines in their annual survey 
of academic activities—in the past they 
didn’t—and Tech’s strength in these 
areas is reflected in the results.

 “Michigan Tech’s heritage of 
innovation in science and engineering 
is well known, but we have equally 
strong scholarly and creative programs 
in Visual and Performing Arts and in 
Humanities, which are sometimes not 
given the recognition they deserve,” 
Reed says.

“Generations of Tech students  
have found these programs to be 
essential in their education and critical 
to their experience at Tech,” he says. 
“These survey results show that the 
scholarly contributions of faculty,  
staff, and students in these areas are 
equally strong.”

Roger Held, chair of the visual and  
performing arts department, agrees. 

“It’s also a measure of the Universi-
ty’s commitment to the arts,” he says. 
“And, it’s a validation of our approach 

to integrating arts and technology—part 
and parcel of the twenty-first century’s 
fluid development of new media.”

A number of faculty have received 
external funding, including Michael 
Bowler, a professor of philosophy in the 
humanities department. 

Bowler is principal investigator on 
a $500,000 NSF grant that involves 
faculty from a number of departments. 
“We are eager to engage in interdis-
ciplinary research with others across 
campus, and the humanities depart-
ment has much to contribute in this 
respect,” Bowler said.

A sensor that knows you’re sick

Your body undergoes a cascade of 
telltale chemical changes when you’re 
sick. What if doctors could identify 
those changes from a drop of saliva and 
find out what might be wrong?

Such is the aim of a new partnership 
between Michigan Tech and Marshall 
University called the Center for Diag-
nostic Nanosystems. It is the brainchild 
of Craig Friedrich, director of graduate 
studies for the Department of Mechani-
cal Engineering–Engineering Mechanics 
and holder of the Robbins Chair in Sus-

tainable Design and Manufacturing, and 
Eric Blough, a Michigan Tech alumnus 
and an associate professor of biologi-
cal sciences at Marshall University, in 
Huntington, West Virginia.

With $1.9 million in federal funding, 
they are combining Tech’s strengths in 
nanotechnology and engineering with 
Marshall’s expertise in medicine and 
biotechnology. Together, they are cook-
ing up new microdevices that could 
help transform medical diagnostics.

“Human physiology is based on bio-
chemical processes that leave a signa-
ture behind,” Friedrich explains. “With 
nanosensing technology, we can detect 
a single molecule. The challenge is to 
know which molecule or molecules will 
tell the correct story.”

Friedrich’s group in the Multi-Scale 
Technologies Institute is building these 
nanosensors with nanowires twenty 
nanometers across and a micron long, 
etched into silicon chips. To each wire, 
they will attach a small molecule that 
will react in the presence of a specific 
biochemical associated with a given 
malady. And that reaction will change 
the conductivity of the nanowire, signal-
ing the presence of the molecule—and 
potentially the disease.

The sensors could be used on body 
fluids, even saliva, depending on the 
target chemical. “We want to further 
develop a spit sensor,” says Friedrich.

Marshall University will provide the 
medical and biochemical research on 
the project, while the Michigan Tech 
team will develop the nanowire sensing 
chip and related hardware.

The partnership holds promise for 
improving medical diagnostics and in 
advancing nanotechnology. Plus, says 
Friedrich, the science is fascinating. 
“We think it’s going to be a lot of fun.”
See Friedrich’s lecture on bio-nano 
hybrid materials under “Research” on 
Tech’s iTunes U site, accessible here: 
mtu.edu/ets/techonline/itunesu

Craig Friedrich
ADAM JOHNSON PHOTO
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Moose bones yield clues to 
age-old affliction

by Jennifer Donovan

A s a 150-pound person ages, the aches 
and pains of osteoarthritis—a degen-
erative and progressively crippling joint 
disease—often become an unpleasant 

fact of life. Think how the same condition feels to a 
thousand-pound moose.

In a report published in Ecology Letters in 
September 2010, Michigan Tech wildlife ecolo-
gists Rolf Peterson and John Vucetich; Thomas 
Drummer, professor of mathematical sciences; and 
colleagues in Minnesota and Ohio identified a link 
between malnutrition early in a moose’s life and 
osteoarthritis as the animal ages.

“I’ve long thought that there was a nutritional 
link to the increase in osteoarthritis in moose on 
Isle Royale as the population of the animals grew in 
the 1960s and 1970s,” says Peterson, who holds the 
Robbins Chair in Sustainable Management of the 
Environment. He even raised the question in a paper 
published in the Journal of Wildlife Diseases in 1988, 
a hypothesis that was largely ignored.

Three generations of wildlife ecologists have been 
studying the moose of Isle Royale, a wilderness 
island national park in northwestern Lake Superior, 
and their primary predators, wolves, for more than 
fifty years. A key factor in the study has been the 
analysis of the bones of dead moose.

During the first two decades of the study, the sci-
entists found increasing evidence of osteoarthritis in 
moose bones on Isle Royale, mostly in the animals’ 
hip joints and lower spine. This type of arthritis is 
identical to the kind that affects humans and many 
other mammals.

Unlike the damaged and partial skeletons more 
commonly recovered from archeological digs, the 
bones of moose that die in the wilderness setting of 
Isle Royale usually reveal details such as gender, age, 
and degree of osteoarthritis. And they often include 
metatarsal leg bones, which are extremely sensitive 
to prenatal nutrition.

“After birth, the mass of a moose increases thirty-
fold, but when a moose is born, the metatarsus is 
already half grown,” Peterson explains. That gives 
them a leg up for running fast to escape their preda-
tors, the wolves.

Matching the length of a moose’s metatarsal bone 
with the degree of osteoarthritis found in the hip 

joints and spine provided Peterson and his team 
with their best evidence of a nutritional link to 
osteoarthritis.

They found that the moose with the shortest 
metatarsal bones—indicating poor early nutrition—
were the ones more likely to develop osteoarthritis 
later in their lives. They also observed the highest 
rates of osteoarthritis in moose born in years when 
the moose population was the largest and nutri-
tion most problematic. As the moose population 
declined, improving the availability of adequate 
nutrition, osteoarthritis declined among the better 
nourished moose as they aged.

“This physiological association also has ecological 
implications,” says Peterson. “The debilitating effects 
of osteoarthritis would inhibit a moose’s ability to 
kick or dodge a lunging wolf. Consequently, the 
incidence of osteoarthritis is associated with the rate 
at which wolves kill moose on Isle Royale.”

The ecologists’ findings about nutrition and 
osteoarthritis in moose have implications for 
understanding arthritis in humans, Peterson goes 
on to say. Studies of humans and other animals have 
increasingly linked many chronic adult diseases with 
nutritional deficiencies early in life. 

“Our study suggests the need to consider more 
carefully whether osteoarthritis is like other late-
onset pathologies, including heart disease, diabetes, 
and hypertension, that appear to have risk factors 
established early in life,” he observes. “The apparent 
link between early nutrition and osteoarthritis indi-
cates that the cause of osteoarthritis is more complex 
than commonly assumed.”

The association between osteoarthritis and early 
malnutrition also could help explain anthropologists’ 
observation that arthritis became more prevalent in 
Native Americans as their diet became poorer, due 
to an increased reliance on corn and agriculture and 
less on hunting and gathering, the scientists suggest.

The research on early nutrition and arthritis 
in moose was supported by the National Science 
Foundation, the National Park Service, and 
Earthwatch Inc. n

For more information 
mtu.edu/forest/about/faculty/peterson 
isleroyalewolf.org
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Moose get arthritis too, as the 
pock-marked bone above illustrates. 
Michigan Tech scientists have 
discovered that moose growing up 
in times of plenty are more likely to 
have healthy joints in adulthood, 
like the one on the right. 
JONATHAN MAY PHOTO



Lessons from the brain
Toward an intelligent computer

by Marcia Goodrich

Networking is powerful, for people and for our brains, which 
draw upon a vast web of neurons to manage information. It’s 
a model that has eluded computers, and it’s one thing that has 
long distinguished our living gray matter from the silicon-

based variety.
Now, a team of researchers has built a molecular computer using lessons 

learned from the human brain.
Physicist Ranjit Pati of Michigan Tech provided the theoretical under-

pinnings for this tiny computing device composed not of silicon but of 
organic molecules on a gold substrate. “This is the brain child of my 
colleague Anirban Bandyopadhyay from National Institute for Materials 
Science, in Japan,” says Pati.

“Modern computers are quite fast, capable of executing trillions of 
instructions a second, but they can’t match the intelligent performance of 
our brain,” says Pati. “Our neurons only fire about a thousand times per 
second. But I can see you, recognize you, talk with you, and hear someone 
walking by in the hallway almost instantaneously, a Herculean task for 
even the fastest computer.”

That’s because information processing is done sequentially in digital 
computers. Once a current is established along a circuit, it doesn’t move 
around. By contrast, the electrical impulses that travel through our brains 
follow dynamic, fast-evolving networks of neurons that operate collectively.

The researchers made their different kind of computer with DDQ , a 
hexagonal molecule made of nitrogen, oxygen, chlorine, and carbon that 
self-assembles in two layers on a gold substrate.

The DDQ molecule can switch among four conducting states—0, 1, 2, 
and 3—unlike the binary switches—0 and 1—used by digital computers.

“The neat part is, one molecule talks with nearly three hundred mol-
ecules at a time during information processing,” Pati says. “We have 
mimicked how neurons behave in the brain.”

It is this capacity to address many problems on the same grid that gives 
the device intelligence, the researchers say. As a result, their processor 
can solve problems for which algorithms on computers are unknown, like 
predictions of natural calamities and outbreaks of disease. To illustrate this 
feature, they mimicked two natural phenomena in the molecular layer: 
heat diffusion and the evolution of cancer cells.

In addition, their molecular processor heals itself if there is a defect. This 
property comes from the self-organizing ability of the molecular mono-
layer. “No existing man-made computer has this property, but our brain 
does,” Pati says. “If a neuron dies, another neuron takes over its function.”

“This is very exciting, a conceptual breakthrough,” he says. “This could 
change the way people think about molecular computing.”

Their work is detailed in “Massively Parallel Computing on an Organic 
Molecule Layer,” published April 25, 2010, online in Nature Physics. n

For more information 
phy.mtu.edu/~patir

Listening Thinking WorkingRememberingLooking

Evolving patterns on this molecular processor mimic  
patterns displayed by the human brain. 
ANIRBAN BANDYOPADHYAY IMAGE
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MTESC to shepherd 
entrepreneurs through the 
valley of worse-than-death

by Jennifer Donovan

It’s called “the valley of death”—the minefield that entrepreneurs must cross between creation of a 
start-up company and commercial success. And there is something even worse: the time between a 
discovery or invention in the lab and the establishment of a start-up company to commercialize it.

Now a nonprofit called the Michigan Tech Entrepreneurial Support Corporation (MTESC), 
established in October 2010, will help University inventors commercialize technologies. MTESC’s goal—
like that of other university technology transfer centers around the country—is to help move early-stage 
discoveries from university labs to successful commercial enterprises. A gift from a private donor will fund 
MTESC’s operating expenses and small, competitive grants.

Researchers at Michigan Tech often make discoveries and develop inventions that could become market-
able products. But first they must develop them into a relatively advanced concept prior to forming a start-up 
company and attracting investment capital.

What typically happens between the lab and the start-up? Inventors of a new product or process have to 
negotiate a barren stretch, where they lack the funding and the administrative infrastructure to turn a clever 
idea into a start-up business. There are few road signs along that pathway and even less financial support.

Yet, Michigan Tech is the perfect place to nurture a successful entrepreneurial culture. With more than 
$58 million in sponsored research activity, and with innovations coming from the undergraduate Enterprise 
Program, the University now ranks number one among Michigan universities for invention disclosures per 
$10 million of research.

MTESC will be a complement to—not a replacement for—current economic development activities in 
the community, such as those funded by the Michigan University Commercialization Initiative and the 
Michigan Tech SmartZone, said David Reed, vice president for research. “There is a huge gap in the com-
mercialization pathway that is not being addressed by federal or state programs,” he explained.  “MTESC is 
designed to help bridge this gap.”

Its goal is to nurture the formation of at least five start-ups a year.
The nonprofit plans to establish a for-profit subsidiary to enable entrepreneurs to apply for federal Small 

Business Innovative Research grants. Only private corporations can receive SBIR grants.
MTESC will operate as a “proof-of-concept center,” Reed said. It will support commercialization of 

faculty, staff, and student discoveries and inventions the way similar centers at other universities do— 
the Deshpande Center at MIT, for example, and the Von Liebig Center at the University of California– 
San Diego.

“Ultimately, our aim is to attract and support a community of people who have great innovations they 
want to bring to the marketplace,” Reed said. “We want to do everything we can to grow a culture of entre-
preneurship at Michigan Tech.” n
For more information 
mtesc.org
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Dimetrodons feed near a river in this Permian  scene.  
Millions of years before the dinosaurs, they and most 
other forms of life were wiped out in the largest mass 
extinction in Earth’s history.
ILLUSTRATION BY KAREN CARR



by Frank Stephenson

It’s been called “the mother of all mass extinctions.”

It happened about 251 million years ago—20 million years before the 
first dinosaur drew breath. 

Earth scientists know it as the Permian mass extinction (so-named 
because it occurred at the end of Earth’s Permian period). Also 
called “The Great Dying,” the massive cataclysm was far more lethal 
than four other major mass killings recorded in the geologic record, 
including the one that doomed the dinosaurs.

T he event hardly happened overnight—scientists believe the global carnage unfolded 
over at least a million years. When it was over, an estimated 96 percent of all the plan-
et’s marine life, along with 70 percent of all living things on land, was gone forever, 
never to be replicated. Some scientists believe that it took 30 million years for Earth to 

fully recover from its effects.
Exactly what caused Earth’s worst environmental apocalypse remains a mystery, although most 

scientists blame an unusually protracted series of voluminous volcanic eruptions that marked 
the period. The prevailing theory is that this steady, unrelenting release of noxious gases and 
sun-blocking ash poisoned the atmosphere and made Earth’s climate unbearable for most organ-
isms. Untold thousands of species vanished forever—including the largest insect ever known, a 
one-pound dragonfly with a thirty-inch wingspan. Fossils are all that’s left to prove that such 
amazing animals ever existed.

“The Great Dying”
On the trail of a 250-million-
year-old catastrophe
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If this is the case, for geologists the question then becomes: what triggered the most devastat-
ing volcanic convulsion in Earth’s history in the first place? Theories range from the dramatic 
geologic repercussions from the forming of Pangaea—once Earth’s only continent, itself a prod-
uct of the Permian period—to the impact of a giant rock hurled from space.  

Aleksey Smirnov is an assistant professor of geophysics at Michigan Tech whose latest research 
reveals new clues into the mystery of the Permian’s unprecedented volcanism. He, along with 
fellow geophysicist and colleague John Tarduno of Rochester University, are among many earth 
scientists who are fascinated by the remnants of what may be the largest volcanic eruption ever.

This colossal outpouring of lava—estimated at more than 3 million cubic miles of the 
stuff—solidified into a rocky landmass the size of Western Europe. Because this titanic erup-
tion happened at the same time as the Permian mass extinction, most scientists—Smirnov and 
Tarduno among them—suspect it was the primary cause of the catastrophe.

Named for its current location (northern Siberia), this vast area is known to scientists as the 
Siberian Traps (for “trappa,” the Swedish word for “stairs”). During its birth, lava flows waxed 
and waned over time, thereby creating a distinctive, stair-step pattern in the Traps’ solid basalt 
foundation. Such steps are prominent surface features throughout some of Siberia’s most rugged 
terrain.

Heaving the required amount of molten rock to the Earth’s surface to build the Siberian Traps 
required vast amounts of energy. Smirnov, like most researchers, believes that such huge and pro-
longed bursts of melted rock could only come from one particular type of volcanic activity. This 
type is essentially a gigantic plume of abnormally hot, molten rock that boils up from the Earth’s 
core and burns its way straight through Earth’s mantle.

Thus known as mantle plumes, these curious heat engines—unlike the shifting tectonic plates 
above them—stay in one place, just like a burner on a stove. Unlike the well-known volcanoes 
that occur when landmasses collide (e.g. Washington’s Mt. Saint Helens), mantle plumes aren’t 
caused by any geologic event that happens near Earth’s surface. They spring from depths of up to 

It’s a long way from Iceland to Siberia, but given millions of years, 
even continents can become long-distance travelers. Studies by 
Aleksey Smirnov show that the same mantle plume that once created 
the flood basalts of the Siberian Traps, right, is now responsible for 
Iceland’s volcanos, including Eyjafjallajökull, below, which intermit-
tently shut down European air traffic in April and May 2010. Above, a 
tectonic plate drifts over a mantle plume, forming a hot-spot track. 

PHOTO: NASA
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two thousand miles, forming veritable pipelines for the release of pressur-
ized, super-heated magma.  

Mantle plumes dot the globe, and may be best known for creating the 
Hawaiian Islands, Smirnov said. A map of the ocean bottom around the 
islands clearly shows a series of submarine seamounts progressing away 
from land. This is the key signature of mantle plume activity: the creation 
of volcanic hot spots that can burn in the same place for millions of years. 
Over time, these stationary hot spots leave a clear track of eruptions as 
the plumes periodically burn through the drifting continental landmasses 
overhead.

While most geologists believe that the Siberian Traps were formed by 
mantle plume activity, there’s still hot debate on the topic, Smirnov said. 
Some scientists argue that the Traps could have been formed from normal 
surface volcanism and note that no telltale hot-spot track indicating mantle plume activity has 
ever been found.

Smirnov and Tarduno came up with the idea of using the Earth’s magnetic field as a means of 
studying the question. Embedded in every grain of mineral on Earth are magnetic clues that can 
be used to find out where, in relationship to the Earth’s magnetic poles, the minerals came from.  
Geologists have invented ingenious techniques that can ferret out data on both latitude and lon-
gitude from these rocks, thereby obtaining fairly precise information on where they originated.

After careful analysis of the magnetic characteristics of rock samples collected from all over 
the North Atlantic, from Iceland to Siberia, the researchers eventually compiled enough data 
to reconstruct the ancient path that the Siberian Traps took from the time they erupted to their 
present-day location.

The data clearly showed that the Traps were blown into existence at a spot that now lies off the 
Norwegian coast in the North Sea. What’s more, they realized that the spot coincides with the 
place where geologists believe a mantle plume created another massive outpouring of lava some 
60 million years ago. The same plume is responsible for Iceland and its volcanism.

But why has no hot-spot track ever been found for the Siberian Traps?
“For at least 125 million years, this hot spot lay under a thick Eurasian lithosphere, and it just 

didn’t have enough power to burn through it,” Smirnov said. This is the main reason, he thinks, 
why no traces of the hot spot have been found in the wake of the Siberian Traps.

So far, at least. Smirnov thinks they exist, submerged in little-studied regions of the Arctic 
Ocean awaiting discovery. He’s already planning a new grant proposal aimed at just that.

Meanwhile, Smirnov’s findings better define the role that mantle plumes play in shaping our 
world. Not only are plumes well known for their island-making abilities, but geologists say that 
they also play important roles in continental rifting and the formation of ocean basins. As for 
why they exist, scientists also speculate that the plumes serve to keep the Earth’s core cooled to a 
temperature it can handle.

“What we would really like to know now is exactly what causes these plumes, how they work,” 
Smirnov said. “If our model is correct, it suggests that the deeper parts of the Earth’s mantle are 
able to maintain a large chemical or thermal imbalance for hundreds of millions of years, more 
than twice as long as was previously thought.

“Obviously, there’s some sort of thermal anomaly or imbalance going on down there, but it’s a 
complex system that we don’t fully understand.”

Smirnov’s Siberian Traps research was funded in part by the National Science Foundation. n
For more information 
www.geo.mtu.edu/~asmirnov

Aleksey Smirnov applied his 
expertise in the Earth’s magnetic 
field to track the mantle plume 
that formed the massive  
basalt flows known as the  
Siberian Traps. 
RYAN SCHUMACHER PHOTO

“For at least 125 million years, this hot spot 
lay under a thick Eurasian lithosphere, and 
it just didn’t have enough power to burn 
through.”
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by Marcia Goodrich

If you were feeling a little under the weather on Star Trek, there 
wasn’t a lot of waiting around for a diagnosis. You didn’t have to 
describe your symptoms to your doctor, and you didn’t have to 
yield a vial of blood for shipment out to a lab for tests. Perhaps most 
importantly, you didn’t have to pace the floor for days, wondering if 
that headache was a brain tumor or allergies. Bones simply scanned 
you with his medical tricorder and announced (whew!) that you’ve 
got hay fever.

A lab in  
your pocket

Adrienne Minerick loads a blood solution into 
an electronic microdevice that can determine 
blood type. 
MARIUSZ NOWAK PHOTO
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A drienne Minerick doesn’t expect that physicians will be wanding patients with 
gadgets anytime soon. But the associate professor of chemical engineering is now 
working on a technology that may one day provide a diagnosis from a single drop of 
blood just as quickly as Dr. McCoy’s tricorder.

Minerick’s research revolves around a property called dielectrophoresis: the ability of 
uncharged or polarizable materials (like red blood cells) to scoot around when subjected to an 
electric field. Particles move in different ways, depending on their structure and properties.

Human red blood cells carry thousands of different proteins, sugars, and other substances that 
vary widely, even among healthy individuals. They can also carry parasitic infections such as 
malaria or genetic diseases such as sickle cell anemia and, perhaps, as-yet-unknown markers that 
signal the presence of hard-to-diagnose maladies such as lupus.

When protein variations occur on cell membranes, they can affect how cells move 
under dielectrophoresis. Minerick’s team has exploited these differences to develop 
two new microdevices (one AC, one DC) to discern the eight blood types: 
A-positive, B-positive, AB-positive, O-positive, A-negative, B-negative, 
AB-negative, and O-negative. “The reason this works is because the ABO 
antigens are polysaccharides housed on the outside of the cell membrane, 
while the Rh factor is a protein that goes through the membrane,” she says.

The AC blood-type microdevice has electrodes spaced 150 microns apart 
and can be observed under a microscope. Cells are exposed to a range of 
electrical frequencies, causing them to arrange themselves in specific pat-
terns around electrodes, like a marching band at half time. “You can actually 
see the cells line up into chains along the curved field lines,” Minerick said.

The second tool is a DC blood-type tester about the size of an iPod nano, 
with electrodes at both ends. Insulators are placed in the path of the electric 
field to create a field gradient, essentially changing the shape and intensity of the 
field. A fork-shaped network of microchannels, each about the width of a human 
hair, is cast into a flexible polymer, which is capped by a clear, thin glass slide.

A drop of blood diluted in a saline solution is introduced into a small reservoir at the 
inlet, at the end of the fork’s “handle.” As the electric field is applied, the cells flow through 
the microchannels and around the insulator, which deflects them into one of the four outlet 
channels, depending on their blood type.

Such medical microdevices will one day be portable. “We are engineering these separations at 
low fields such that they can run off of a small battery,” says Minerick.

Each device has its pluses and minuses. The DC tester is not quite as accurate, but it’s a con-
tinuous flowing system. “You can test as many cells as you want to,” Minerick says.

The AC device has a bonus. Tune the frequency just so and you rupture the cells, releasing 
their contents. That may open the door to even more refined diagnostic tests on these subcellular 
components. It may also help doctors determine if a given treatment is benefiting the patient.

“For a new drug to be approved by the FDA, pharmaceutical companies only have to show that 
it works on a majority of the population,” says Minerick. Once a course of treatment begins, it 
can take weeks or even months to determine if it is working. “If there were some way to check 
the body’s response more quickly, physicians could be confident that the drug was working, or 
they could move on to another treatment.”

For now, Minerick’s team is working to develop tests for cell membrane molecular expression, 
like blood type, and is seeking funding to expand into detecting conditions like malaria and 
sickle cell anemia, which impact the structure of the entire red blood cell.

Ultimately, she aims to be part of a revolution in the practice of medicine.
“We want to develop medical microdevices for doctors that get a result right away using only a 

single drop of blood,” Minerick says.
In developed countries like the US, that would mean huge savings in time and money, not to 

mention patient angst. For developing countries, it could provide medical services that were once 
prohibitively expensive or simply unavailable. Because of its portability, it would be easy to use in 
disaster-struck regions where medical infrastructure has collapsed.

If used routinely, such devices might even detect serious illnesses before symptoms even 
develop, thus increasing the chances of the treatment’s success. So, in the not-to-distant future, 
Dr. McCoy’s tricorder might not seem like such a big deal after all. n
To view Adrienne Minerick discussing her research 
techtube.mtu.edu/medical-sensor

“We want to 
develop medical 
devices that get 
a result right 
away using only 
a single drop of 
blood.”
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Death of the

doughnut
How quaggas are  

casting a pall on the  
Lake Michigan  

fishery



by Marcia Goodrich

The Asian carp may be a scene stealer, leaping out of the Mississippi  
River like popcorn in a skillet, smacking boaters in the face, and starring in 
no end of slap-happy YouTube videos. But for sheer destructive might, this 

algae-eating invader can’t hold a candle to a certain European mollusk about 
the size of a fat lima bean.

Michigan Tech biologist W. Charles Kerfoot got his first insights into the 
quagga mussel back in 2001, when he and his research team were checking 
on a huge, green ring dubbed “the doughnut” they’d discovered a few years 

earlier in southern Lake Michigan.

N o one knew about the 
doughnut, much less the 
quagga, until Kerfoot 
and his research team 

first saw it in 1998. Using NASA’s 
new Sea-viewing Wide Field-of-
view Sensor (SeaWiFS) Project, 
they saw a roughly circular river of 
phytoplankton—algae and other 
tiny plants—that was drifting coun-
terclockwise around the southern end of 
Lake Michigan, creating a doughnut.

The group determined that the doughnut was 
formed when big winter storms kicked up sediments 
along the southeastern shore of the lake. There, 
Michigan’s biggest rivers drain a watershed rich 
in phosphorus and other nutrients from cities and 
farms. Those nutrients settle in the lake’s sediments 
until storms stir them up. Then, suspended in the 
water column, they begin circulating in a slow-
moving gyre that flows from Grand Haven in the 
north to Chicago in the south. That gyre creates a 
Thanksgiving feast for phytoplankton. “We saw that 
with each storm, you get a ring, and it can persist for 
weeks or even months,” says Kerfoot.

“We were floating in the clouds, saying ‘Hey, we 
discovered a new phenomenon,’” he remembers. 
Samples of lake water taken from research ves-
sels verified the satellite data. Plus, they found that 

zooplankton, the tiny animals that feed 
on phytoplankton, were much more 
abundant in the doughnut. For them, 
the seasonal bloom was an all-you-
can-eat salad bar, an important part of 
their strategy to survive winter. Those 
zooplankton were eaten in turn by small 
fish, which were eaten by large fish, 
which fueled an angling paradise produc-
tive enough to merit the nickname Lake 
Fishigan.

Then, almost as soon as it was discov-
ered, the doughnut started to disappear. 

“Since 2001, the chlorophyll has been 
nibbled away on the edges, right where the quaggas 
are,” says Kerfoot. 

The quagga mussel has been found in all of the 
Great Lakes, in all likelihood introduced by ocean-
going vessels when they dump their untreated ballast 
water. In addition to clinging to hard surfaces like 
the more famous zebra mussel, quaggas also burrow 
into soft lake bottoms, where they can be found in 
concentrations of 10,000 to 15,000 per square meter. 
Their favorite food is phytoplankton, and they have 
prodigious appetites. Hank Vanderploeg, a colleague 
of Kerfoot at the NOAA Great Lakes Research 
Laboratory, calculated that they can filter up to one 
third of the water column in a day in the band of 
water around the lake that’s between thirty and fifty 
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meters deep. There, they are consuming five to seven 
times as much phytoplankton as is being produced. 
“No surprise that it’s that area that’s cleaning up the 
most,” Kerfoot says.

Using SeaWiFS, graduate student Foad Yousef 
has plotted a 75 percent decline in chlorophyll a, a 
measure of phytoplankton abundance, from 2001 to 
2008. “You are seeing a displacement of productivity 
from the water column to the benthic layer,” Kerfoot 
says. “It’s fascinating.”

That means that all the energy in the phytoplank-
ton, which once fed fish, is being sucked down to 
the bottom of the lake by quaggas, who then eject 
it in the form of pseudo feces—mussel poop. That 
can stimulate the growth of Cladophora algae, which 
die, decompose, and remove all the oxygen from 
the surrounding water, to ill effect. “When things 
go anaerobic, that kills off everything, including 
the quaggas, and creates conditions for botulism. 
We’ve had massive kills of fish-eating birds—loons, 
mergansers,” says Kerfoot. “Isn’t that bizarre? Who 
would have predicted that?”

Under such conditions, however, it is predict-
able that populations of zooplankton will decline, 
and following them, the alewives, chubs, Atlantic 
salmon, muskies, smelt, walleyes, perch, and the rest 
of the hundred or so species of fish that inhabit the 
southern part of Lake Michigan. “A high percent 
of the fish biomass could be lost in the next couple 
years,” Kerfoot says. NOAA scientists have already 

documented declines in several species. “We have a 
system that’s crashing.”

Why, then, isn’t somebody doing something? 
Kerfoot was wondering himself, so he asked the 
NOAA scientists who are charged with keep-
ing their thumbs in the dike to protect the Great 
Lakes from invasive creatures like the quaggas. “I 
asked why they weren’t swimming in money to do 
something about this,” he says. “They say people are 
getting tired of hearing that the sky is falling. Now, 
when the sky really is falling, they aren’t paying 
attention.”

One exotic species Kerfoot isn’t worried about is 
that Asian carp, which has all the Great Lakes states 
up in arms for fear that it will enter the water system 
via the Chicago Shipping Channel and destroy the 
fishery. Quaggas will have done that job before the 
hundred-pound bottom feeders can even get a toe-
hold, he says. “By the time the carp get here, there 
won’t be anything left for them to eat.” 

Funding for Kerfoot’s research was provided by 
NOAA and the National Science Foundation. n

For more information 
www.bio.mtu.edu/faculty/kerfoot.htm

To view an ABC Chicago feature on Kerfoot’s work 
techtube.mtu.edu/kerfoot

To support Great Lakes research and the Great Lakes 
Research Center, contact Mike Abbott, director 
Great Lakes Research Center operations 
906-487-3165, mdabbott@mtu.edu

“They say people are getting tired of hearing that the sky is falling. Now, when 
the sky really is falling, they aren’t paying attention.” 

Veteran limnologist  
W. Charles Kerfoot 
JONATHAN MAY PHOTO
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Ott recognized for landmark 
computer science paper
by Marcia Goodrich

Linda Ott didn’t just write the code. She 
helped software engineers write it better. 
Now, almost three decades later, her land-
mark discovery has been honored.

The Association for Computing Machinery’s 
Special Interest Group on Software Engineering 
(ACM SIGSOFT) recognized a paper she coau-
thored, “The Program Dependence Graph in a 
Software Development Environment,” with a 2010 
Retrospective Impact Award. The recipients are 
selected for their long-term impact on the field of 
software engineering.

The award was not expected. “I was flabbergasted,” 
said Ott, a professor of computer science. “So I 
asked someone on the committee why that paper 
was selected, and she said it had formed the basis for 
a lot of research and has been used extensively in the 
formation of software development environments.”

With coauthor Karl Ottenstein, Ott found 
another use for the computing tool known as a 
program dependence graph. Simply put, program 
dependence graphs help compilers do their jobs 
better. Compilers are translators for computers: they 
turn the fancy software we depend on into plain 
binary code that computers can actually execute.

Back in the 1980s, Ott and one of her graduate students were wondering how to determine 
the quality of computer code. “We hypothesized that the information available in a program 
dependence graph that helped compilers optimize software could also be used to measure certain 
aspects of software quality,” Ott said.

She turned out to be right, and then some. “Once we realized we could use it to evaluate qual-
ity, we knew it could be useful to programmers to incorporate quality.”

Well-written code is not about bells and whistles. It’s more about simplicity and elegance. “If a 
program is well-written, it’s good from the start, and it’s easier to maintain and modify,” she says. 
Ultimately, this is why she believes this research was recognized: “When you improve software 
development, it improves the quality of programs—and the quality of programmers’ lives.”

Steven Carr, interim chair of the computer science department, said the Retrospective Impact 
Award reflected upon both Ott and the University. “This paper was a seminal work, a founda-
tional paper in software engineering,” he said. “ACM SIGSOFT recognized Linda among the 
leaders in the field, and that’s also an honor for Michigan Tech.”

Ott’s article appeared in the 1984 Proceedings of the First ACM SIGSOFT/SIGPLAN Software 
Engineering Symposium on Practical Software Development Environments. n

Linda Ott
MARIUSZ NOWAK PHOTO
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Nitz, Fick honored for 
astrophysics research 
by Jennifer Donovan

David Nitz and Brian Fick have been named 
corecipients of Michigan Tech’s 2010 
Research Award. Both are professors of 

physics and international experts in experimental 
particle astrophysics. They research the source of 
ultrahigh energy cosmic rays, the most energetic and 
rarest particles in the universe.

“Normally, this award recognizes outstanding 
individual achievement, but in this case it makes 
perfect sense for this to be a joint award,” said David 
Reed, vice president for research.

Nitz and Fick brought the work of the interna-
tional Pierre Auger Observatory research project to 
Michigan Tech, including more than $3 million in 
federal funding. They have worked with the Auger 
project, an international collaboration involving 
seventeen countries and more than ninety research 
institutions, since its inception in 1992. 

Nitz is among the leaders of the project’s first 
observatory in Argentina, heading the development 
of a triggering framework for the ground array there 
and the implementation of the first level trigger—
electronics that determine if the signals picked up by 
the observatory’s detectors are likely to be ultrahigh 
energy cosmic rays. He also serves as Northern 
Hemisphere scientific spokesperson for a second 
observatory planned in the US.

Fick worked from the beginning on the design of 
the Auger Observatory. He chaired the committee 
that developed the inter-detector triggering mecha-
nism and now is co-coordinator of a “Search for 
Exotic Physics” analysis.

“We are honored to have been selected among 
the many great researchers at Michigan Tech,” said 
Fick. “We could not have done our work without the 
continued support of our home institution.”

Nitz added, “I second Brian’s comments. The phe-
nomenally supportive atmosphere for our research 
at Michigan Tech across all levels of the University 
has been an important asset. Our collaboration with 
engineering colleagues is something our Auger 
collaborators strive to emulate. They envy the enthu-
siastic support our administration provides us.” n

For more information 
phy.mtu.edu/facilities/augerfac.html

The international Pierre Auger 
collaboration of scientists 
and engineers discovered 
that ultrahigh energy cosmic 
rays, the most energetic 
particles in the universe, 
originate in massive black 
holes at the centers of 
galaxies. 

David Nitz, left, and Brian Fick
ADAM JOHNSON PHOTO
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Allen, Medici receive 
first Bhakta Rath Award 
by Jennifer Donovan

For their pioneering work to improve water 
management in low-temperature fuel cells, 
Jeffrey Allen and PhD student Ezequiel 

Medici were named the first winners of the Bhakta 
Rath Research Award. Allen is an associate pro-
fessor of mechanical engineering–engineering 
mechanics.

The award, endowed earlier this year by 1958 
Michigan Tech alumnus Rath and his wife, 
Shushama Rath, recognizes a doctoral student 
at Michigan Tech and his or her faculty advisor 
for “exceptional research of particular value that 
anticipates the future needs of the nation while sup-
porting advances in emerging technology.”

Medici and Allen focus on managing water 
produced during the operation of a fuel cell, liquid 
that leads to performance loss and rapid degrada-
tion of the cell, shortening the system’s life. They 
developed a technique to optimize fuel cell elec-
trodes and a simple, reliable computational tool that 
captures the nature of liquid water movement in fuel 
cell electrodes. Their work, sponsored by the US 
Department of Energy and conducted in collabora-
tion with the Rochester Institute of Technology 
and General Motors, will reduce research-and-
development time and the cost of improving fuel cell 
performance and durability.

The professor and his graduate student share a 
$2,000 prize.

Bill Predebon, chair of mechanical engineering–
engineering mechanics, remarked on the potential 
importance of Allen and Medici’s work. “The 
research will have a significant impact in the fuel 
cell industry in the design of the porous materials 
used in fuel cells,” he said.

The Raths endowed the research award in April 
2010 to promote and reward research excellence in 
the physical and natural sciences and engineering, 
fields in which Michigan Tech is a world leader. n

To support research awards, contact 
Vice President for Research David Reed 
ddreed@mtu.edu, 906-487-3043

Water is a fuel cell’s only 
emission—and perhaps its 
worst enemy. Two Michigan 
Tech researchers have 
developed tools to help 
engine designers mop up 
the deleterious effects of 
dampness.

Jeffrey Allen, left, and 
Ezequiel Medici 
MATTHEW PETERSON PHOTO
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Grass that removes antibiotics from water

W hat goes in must come out, and when animals are given antibiotics, they can find 
their way into the water supply. Last year, a Michigan Tech student identified one 
way to sop them up.

Antibiotics pass through the digestive tract largely unchanged. The resulting drug-laden waste 
from farms and feedlots (or for that matter, apartments and subdivisions) may be treated, but 
conventional methods don’t break down excreted antibiotics.

The concentrations are small, probably not enough to effect anyone drinking a cup of water. But 
by releasing antibiotics indiscriminately into the environment, scientists fear we are encouraging 
antibiotic-resistant strains of bacteria and making it harder to treat deadly infectious diseases.

“There are also problems with using this contaminated waste to fertilize crops, or the water to 
irrigate,” says Stephanie Smith, who graduated in May with a BS in Biochemistry and Molecular 
Biology.

Working with Rupali Datta, an associate professor of biological sciences, Smith designed an experiment 
using sterile vetiver grass to address the issue. Vetiver, a native of India, is grown in artificial wetlands to 
cleanse wastewater. It is vigorous and noninvasive. Plus, it’s also been used to clean up some tough custom-
ers, including TNT.

Smith grew vetiver in a greenhouse, exposing the plants to various concentrations of tetracycline and 
monensin, two antibiotics commonly used to treat dairy cattle. At the end of the study, all of the tetracycline 
and 95.5 percent of the monensin had disappeared from the hydroponic solution. Tests showed that the 
vetiver had taken and metabolized both drugs. The results are preliminary, says Smith, but they show that 
vetiver holds promise for remediating antibiotics in wastewater.

Smith also recorded a peculiar side effect. “The plants in the tetracycline solution grew faster, much faster 
than the controls,” she says. “The plants in monensin grew somewhat faster, but not as much.”

“When I came to Tech, I honestly didn’t think I would be able to work on a project like this,” Smith adds. 
“It’s been very cool to be involved.” n
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“I honestly didn’t 
think I’d be able to 
work on a project 
like this.”

—Stephanie Smith
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A new way to date old ceramics 

If you are an archaeologist, determining when a pot was made is not just a matter of checking 
the bottom for a time stamp. Dating ceramics recovered from archeological sites can be time 
consuming, not to mention complex and expensive.

Patrick Bowen, a senior majoring in materials science and engineering, is refining a new way to 
date ceramic artifacts that could one day shave thousands of dollars off the cost of doing archaeo-
logical research.

Called rehydroxylation dating, the technique was developed by researchers at the University 
of Manchester and the University of Edinburgh. It takes advantage of ceramics’ predictable ten-
dency to bond chemically with water over time.

“It’s simple,” says Bowen. First, weigh the sample. Then dry it using a two-stage process. 
Finally, weigh the sample again and leave it alone. The ceramic will react with water in the air 
and gradually gain weight. Plot the gain against a time constant, and the shape of the curve tells 
you the age of the ceramic. Theoretically.

But, says Bowen, “the dating process turns out to be more complicated than the literature suggests.” Using 
shards of nineteenth century pottery, Bowen dried the samples at different temperatures and got signifi-
cantly different “ages.” He then developed a new equation that addresses those temperature differences, as 
well as the fact that rehydroxylation is actually a two-step process: First, water vapor physically penetrates 
the pottery. Then, it bonds chemically to the pottery’s constituent minerals.

Bowen’s equation yielded better results, but, due to humidity differences, not good enough to generate 
definitive dates. Now the team is running experiments to address that issue.

They won’t only be using antique pottery this time. “We are using broken pieces of brick from the 
Houghton Parking Deck; it’s easier to come by,” says Bowen. “Somebody hit it with their car, and when I 
saw the pieces, I thought, ‘Oh! Sample!’” If all goes as planned, each of those samples dated by Bowen and 
fellow undergraduate Tyler Botbyl will turn out to be about forty years old.

Bowen’s advisors, Jaroslaw Drelich, an associate professor of materials science and engineering, and 
Timothy Scarlett, an associate professor of archaeology and anthropology, believe their work has huge 
potential. “This will be a new, low-cost tool allowing archaeologists to derive dates from objects made over 
10,000 years of human history,” said Scarlett.” n

Using simple brick, 
Patrick Bowen is 
refining a new 
technique for dating 
ancient ceramics.
MARIUSZ NOWAK PHOTO

To support under-
graduate research, 
contact Vice Presi-
dent for Advance-
ment Shea McGrew 
smcgrew@mtu.edu, 
906-487-3447.
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Nanotube-coated 
implants speed healing 

Titanium and its alloys have a leg up on all other materials used 
to make the orthopedic implants used by surgeons to repair 
damaged bones and joints. They are light, super-strong, and 

virtually inert inside the body. But whether the implants are des-
tined for your knee, your hip, your spine, or your jaw, the silvery 
metal has one big drawback.

“Titanium has a mirror surface,” says Tolou Shokufar, a PhD 
candidate in mechanical engineering–engineering mechanics. 
Cells don’t adhere to it very well, so implants are often rough-
ened up before they are placed in the body.

A good way to roughen titanium is to etch nanotubes into it, 
since they provide a superb surface for bone cells to grasp onto 
as part of the healing process. But doing that is neither cheap nor 
easy. Conventional techniques require platinum, which costs over 
$1,700 an ounce.

Through her PhD work with Professor Craig Friedrich, Shokufar 
has developed a cheaper way to etch nanotubes into the titanium 
alloy. In a weak solution of ammonium fluoride, she immerses two 
rods, one of the alloy, another of copper, and hooks them up to a power 
source. An electrical current flows into the copper, through the solution, 
and out the titanium.

“It corrodes the titanium dioxide layer on the titanium in the form of a 
nanotube,” Shokufar says. Growing the ideal tube takes about two hours.

Then she applies heat and pressure to the titanium alloy, annealing the 
nanotubes to give them a crystalline structure. Tests show the surface 
provides a friendly place for cells; Shokufar has conducted experiments 
with bone-forming osteoblasts, and the results are encouraging. The cells 
grow more quickly and adhere better to the surface of nanotube-coated 
titanium.

“This is promising for reducing the healing period after implant surgery, 
as well as reducing the risk of implant failure,” she said. n
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Tolou Shokufar with a 
sample of titanium alloy 
she has etched with 
nanotubes. 
RYAN SCHUMACHER PHOTO

Shokufar’s technique seems simple, but it didn’t start out that way. “I’d spend 
days and days under the scanning electron microscope, and when I went to 
sleep, I saw nanotubes inside my eyelids,” she says. 
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Sharing the spectrum: 
the polite world of 
cognitive radio

Suryabh Sharma is working on the wireless communication 
system of the future, where there are no dropped calls and you 
can download your favorite movie in no time at all.

“The fancy name for these is cognitive radio networks,” says Sharma, 
who is earning his master’s degree in electrical engineering. Up until 
now, wireless systems have been, well, non-cognitive.

Sharma explains. “For all our wireless communications, we 
have a radio spectrum in a range of frequencies. The Federal 
Communications Commission (FCC) has divided these into 
small bands, one for radio, one for TV, for amateur radio, etc.  
If you monitor each of these bands, you can see we are not using 
them to their full capacity.”

Sometimes, however, they are completely full, and that’s when 
the system breaks down. “If there is high traffic on the band I’m 
using to watch a video on my cell phone, then it will be frag-
mented,” says Sharma.

For the moment, there’s nothing that can be done about 
that fragmented video; all WiFi transmissions must use the 2.4 

gigahertz band. Now, the FCC is looking at changing the rules to 
allow so-called cognitive radios to transmit on different bands, such 

as those used for television, on a space-available basis. For example, if 
the band used by cell phones is experiencing high traffic, a phone could 

stream video by selecting an underused band.
With his advisor, Zhi Tian, an associate professor of electrical and com-

puter engineering, Sharma is investigating ways for cell phones, iPads, and 
whatever new wireless devices arise to share the radio spectrum efficiently, 
a field known as resource management. Devices must identify the radio 
frequencies that have room for more traffic, switch their own transmission 
frequencies, and somehow manage to negotiate for space with thousands of 
other users. 

Cognitive radio networks will have to take into account multiple vari-
ables, including the location of users and their patterns of use, issues that 
Sharma is investigating in his research. 

It’s a complicated problem, Sharma says, but one that can’t be ignored. 
“With the number of users growing, we’ll have to come up with some sort 
of intelligent allocation,” he says. “It’s all about optimization.”  n
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We call this a cell phone, 
but it’s also a radio, 
and Suryabh Sharma is 
studying ways to help 
it navigate the airways 
and broadcast more  
efficiently. 
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This up-and-coming technology will allow new, intelligent devices to pick the 
best radio frequencies for transmitting information, from text and email to 
voice and video.
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Researchers pair  
clot-busting technology 
with blood-gas sensor

Implantable blood-gas sensors, which can detect serious medical 
problems, came on the scene thirty years ago but are no longer on 
the market. The problem: as artificial implants in an artery, they 

promote clotting, which can cause heart attacks or strokes. As well, 
clotting compromises the sensor itself; it can monitor only the 
environment of the actual blood clot on the sensor—not the “bulk 
blood” in the body.

Matthew Nielsen, a PhD student in biomedical engineering, is 
working on fiber-optic technology that could resurrect implant-
able blood-gas sensors, which continuously monitor levels of 
oxygen and carbon dioxide in the blood, as well as pH. All of 
these can be early indicators of other problems, such as lack 
of blood flow, inadequate breathing, kidney failure, and poor 
metabolism.

Yet there is still the persistent problem of clotting, which is 
where Nielson and his advisor, Assistant Professor Megan Frost, 
are focusing their research. They are copying nature, harnessing 
the properties of nitric oxide, which the body routinely releases to 
dilate blood vessels, increase blood flow, and prevent clots—think 
of the nitroglycerin pills some heart patients take at the first sign of 
chest pain.

“We’re using what the body is already doing,” Nielsen says. “Nobody 
else has a method to release nitric oxide in the body in a controlled way to 
deal with the clotting.”

Their method relies on the same fiber-optic technology as the sensor, but 
with a different purpose. Their blood-gas sensor, two inches long and wire-
thin, is paired with an equally small fiber-optic device that releases nitric 
oxide to the sensor to preclude clotting. “Light is the trigger,” Nielsen 
says. “Increase or decrease light—increase or decrease the amount of nitric 
oxide.” Controlled release of nitric oxide is critical; researchers need to 
know when to use it, how long to use it, and how much to use.

The effort has broader implications. “Nitric oxide,” Frost says, “could 
make more sensing devices biocompatible, and the technology should 
ultimately improve the performance of any device that contacts the  
body, such as a subcutaneous glucose sensor for diabetes or implants for 
kidney dialysis.”

“I’m very excited,” Nielsen says. “This work has the potential to change 
modern medicine.” n
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“We’re using what the body is already doing. Nobody else has a method to 
release nitric oxide in the body in a controlled way to deal with clotting.”

Matthew Nielsen holds 
a vial of pH buffer that 
he uses to calibrate his 
fiber-optic blood-gas 
sensor. 
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To support graduate student research, contact Vice President for Advancement Shea McGrew, smcgrew@mtu.edu, 906-487-3447.
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Advanced Power Systems Research 
Center (APSRC)
www.me.mtu.edu/research/power
Director, Jeff Naber, Mechanical Engineering–

Engineering Mechanics
jnaber@mtu.edu, 906-487-2378

Advanced Sustainable Iron and Steel 
Center (ASISC)
www.chem.mtu.edu/asisc
Director, S. Komar Kawatra, Chemical 

Engineering
skkawatr@mtu.edu, 906-487-3132

Biotechnology Research Center (BRC)
biotech.mtu.edu
Director, Michael Gretz, Biological Sciences
mrgretz@mtu.edu, 906-487-3175

Center for Integrated Systems 
in Sensing, Imaging, and 
Communication (CISSIC)
www.ece.mtu.edu/pages/CISSIC
Director, Michael Roggemann, Electrical and 

Computer Engineering
mroggema@mtu.edu, 906-487-2164

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

Earth, Planetary, and Space Sciences 
Institute (EPSSI, formerly RSI)
epssi.mtu.edu
Director, Will Cantrell, Physics
cantrell@mtu.edu, 906-487-2356

Lake Superior Ecosystem Research 
Center (LaSER)
www.bio.mtu.edu/research/LSERC
Director, W. Charles Kerfoot, Biological 

Sciences
wkerfoot@mtu.edu, 906-487-2769

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

and Environmental Science
ajburton@mtu.edu, 906-487-2566

National Institute for Climatic Change 
Research (NICCR)
niccr.mtu.edu
Director, Andrew Burton, Forest Resources 

and Environmental Science
ajburton@mtu.edu, 906-487-2566

Institute for Leadership and 
Innovation
mtu.edu/business/resources-for/students-

current/institute
Codirector, Robert Warrington, Institute for 

Interdisciplinary Studies
row@mtu.edu, 906-487-4371
Codirector, Robert Mark, Business and 

Economics
remark@mtu.edu, 906-487-2710

Institute of Materials Processing (IMP)
www.imp.mtu.edu
Director, Mark Plichta, Materials Science and 

Engineering
mrplich@mtu.edu, 906-487-2630

Keweenaw Research Center (KRC)
mtukrc.org
Director, Jay Meldrum
jmeldrum@mtu.edu, 906-487-3178

Michigan Tech Research Institute 
(MTRI) 
mtri.org
Codirector, Robert Shuchman
shuchman@mtu.edu, 734-913-6860
Codirector, Nikola Subotic
nsubotic@mtu.edu, 734-913-6859

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

University Transportation 
Center—Materials in Sustainable 
Transportation Infrastructure (MiSTI) 
misti.mtu.edu
Director, Larry Sutter, MTTI
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

Power and Energy Research Center 
(PERC) 
www.ece.mtu.edu/perc
Director, Bruce Mork, Electrical and Computer 

Engineering
bamork@mtu.edu, 906-487-2857

Sustainable Futures Institute (SFI)
www.sfi.mtu.edu
Director, David Shonnard, Chemical 

Engineering
drshonna@mtu.edu, 906-487-3468

Center for Environmentally Benign 
Functional Materials (CEBFM) 
Director, Gerard Caneba, Chemical 

Engineering
caneba@mtu.edu, 906-487-2051

Center for Fundamental and Applied 
Research in Nanostructured and 
Lightweight Materials (CNLM)
www.chem.mtu.edu/cnlm/index.htm
Director, Michael Mullins, Chemical 

Engineering
memullin@mtu.edu, 906-487-1445

Michigan Tech Center for Water and 
Society (MTCWS)
www.mtcws.mtu.edu
Director, Alex Mayer, Civil and Environmental 

Engineering
asmayer@mtu.edu, 906-487-3372
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Michigan Technological University
1400 Townsend Drive
Houghton, MI 49931-1295

The buoys of summer
Boaters in Lake Superior last summer 
had a new landmark: the first of 
three coastal monitoring buoys to be 
deployed by Michigan Tech.

The buoy, installed last summer 
near the Keweenaw Waterway’s 
North Entry, is part of a far-flung net-
work collecting and transmitting data 
on weather, water temperature, wind 
speed and direction, and wave height. 
The information will enhance Great 
Lakes weather forecasting and help 
scientists study global climate change. 

Robert Shuchman, codirector of the 
Michigan Tech Research Institute, 
and W. Charles Kerfoot, professor 
of biological sciences, are principal 
investigators on the project.

The buoys are part of the Great 
Lakes Observing System (GLOS), a 
National Oceanic and Atmospheric 
Administration (NOAA) project. Data 
from the buoy has become part of the 
National Data Buoy Center forecasting 
system, accessible by anyone via the 
Internet or on NOAA’s “Dial-A-Buoy” 
toll-free number, 888-701-8992.

The buoy data site became a 
popular destination for web surfers 
throughout the summer. And during 
the first week of September 2010, 
the data collected during high winds 
enabled NOAA to accurately predict 
when peak waves could be expected 
near the Keweenaw Peninsula during 
the most blustery seven hours of  
the storm. 

Check up on Michigan Tech’s buoy at the 
National Data Buoy Center 
ndbc.noaa.gov/station_page.
php?station=45023
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