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Research in brief

A little salt, a little sun: clean water for everyone

N
early 80 percent of disease in developing countries is linked to bad water and 
sanitation. Now Michigan Tech’s Joshua Pearce has developed a simple, cheap 
way to make water safe to drink, even if it’s muddy.

It’s easy enough to purify clear water. The solar water disinfection method, or 
SODIS, calls for leaving a transparent plastic bottle of clear water out in the sun for six 
hours. That allows ultraviolet radiation and heat to wipe out most pathogens that cause 
diarrhea, a malady that kills 4,000 children a day in Africa.

It’s a different story if the water is murky. “In the developing world, many people don’t have 
access to clear water, and it’s very hard to get rid of the suspended clay particles,” says 
Pearce, an associate professor of materials science and engineering and electrical and 
computer engineering. “But if you don’t, SODIS doesn’t work.”

Thus, to purify your water, you first have to get the clay to settle out. Pearce discovered 
that one of the most abundant minerals on Earth does this job very well: sodium chloride, 
or simple table salt, which is cheap and readily available.

It doesn’t take much salt to clarify muddy water. “The water has a lower sodium concen-
tration than Gatorade,” Pearce says.

Pearce and his students are running more tests on water containing various types of clays, 
and they are also investigating different soil types across Africa to see where their methods 
might work the best.

Using nanoclays to build better asphalt

Z
hanping You is paving the way for brand-new asphalt 
blends that fight off cracks, ruts, and potholes.

“Asphalt is now made from petroleum, so it’s very expen-
sive,” said You, an associate professor of civil and environ-

mental engineering. “As a result, a lot of people are looking at ways 
to make it more durable.”

You’s team tested two types of nanoclays, adding 2–4 percent by 
weight to the asphalt. That’s a smidgen—less than half of a per-
cent of the total weight of the asphalt pavement itself. But it made 
a big difference.

“It improved the viscosity significantly,” You said. “That means it will 
provide better stiffness, which means that it won’t deform as much 
in hot weather or under heavy traffic.”
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Cancer genes that speckle fruit-fly bottoms?

S
pots on the abdomens of fruit flies are really, really small. But what a 
researcher and his graduate student are learning about them could be 
gigantic.

Biologist Thomas Werner and PhD student Komal Kumar Bollepogu 
Raja have discovered three genes that cause cancer in humans which also 
“paint” spots on the fly’s body. This discovery could enable researchers to 
study how those genes work in fruit flies and apply that knowledge to under-
standing the genetic pathways that cause cancer in people.

“The last common ancestor of man and fruit flies lived about 600 million years 
ago,” says Werner. “All the genes needed to build a body were already present 
in that ancestor, and today we still share virtually all of our body-building genes 
with fruit flies. This is why we are able to study human diseases like cancer in 
fruit flies.”

 “Now we want to know how the abdominal pigment pattern is generated, 
and how it is encoded in DNA,” says Raja. Their work could identify targets for 
gene therapies against cancer.

Sex: it’s a good thing

S
ure, sex may be delightful, but it’s a lot of work, and the payoff is by 
no means certain. Scientists have long speculated on why all living 
things don’t simply make like amoebas and split.

Now Michigan Tech biologist Erika Hersch-Green has found 
one good reason: sexual reproduction strengthens an organism’s abil-
ity to adapt. Specifically, it may lead to stronger immune response by 
enhancing the expression of genes that make the enzyme chinase A, 
which is used to fight disease.

She tested the idea on thirty-two different species of evening primroses. 
These native North American wildflowers are unusual in that a number of 
species reproduce asexually, essentially through cloning themselves. That 
allowed Hersch-Green and her colleagues to compare sixteen species that 
reproduce sexually with an equal number that function asexually.

“We found that the sexual plants have an increased ability for adaptive, posi-
tive evolution,” she said. “This is in line with the theory that sex provides an 
evolutionary advantage to organisms. Until now, there had been no empirical 
evidence to support this advantage of new genetic combinations.”

Wolves found dead in abandoned mine shaft

D
uring their 2012 Winter Study, Michigan Tech population biologist John Vucetich 
and wildlife ecologist Rolf Peterson wondered where the wolves of Isle Royale 
National Park had gone. They had found only nine, and just one of them was 
female. 

Then in May, three dead wolves, including a young female, were found floating in water in 
a deep, nineteenth-century mine shaft at Isle Royale. “There is no way to know how the 
wolves ended up falling into the pit, but very likely, accumulating snow and ice played a 
role in the accident,” Vucetich said.

Vucetich and Peterson point out that the young female was lost at a critical time in the 
wolves’ history, when a shortage of females represents the largest extinction risk for the 
population.

Supported by the National Park Service, the National Science Foundation, Michigan Tech, 
and numerous private donors and field volunteers, the wolf-moose study at Isle Royale 
National Park has been going on for more than fifty years, the longest continuous preda-
tor-prey study in the world.
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Almost perfect: blueprint for a superlens

A 
superlens would let you see a virus in a drop of blood and open the 
door to better and cheaper electronics. It might, says Durdu Guney, 
make microscopes as commonplace as cameras in our cell phones.

   Optical lenses won’t usually let us see objects smaller than 200 
nanometers across, about the size of the smallest bacterium. To overcome 
that limit, you need metamaterials: artificial materials with properties not 
seen in nature.

Guney, an assistant professor of electrical and computer engineering, is 
using metamaterials to design a superlens that could use visible light to 
see objects as small as 100 nanometers across.

The secret lies in plasmons, charge oscillations near the surface of thin 
metal films that combine with special nanostructures. When excited by an 

electromagnetic field, they gather light waves from an object and refract it 
in a way not seen in nature. This lets the lens overcome the diffraction limit; it 

could allow us to see objects smaller than 1/1,000th the width of a human hair.

Superlenses would be cheap, which is why they might find their way into cell 
phones. But there would be other uses as well, says Guney. “It could also be applied to 

lithography,” the process used in electronics manufacturing. Computer chips are made using 
UV lasers, which are expensive and difficult to build. “With this superlens, you could use a red laser, 

like the pointers everyone uses, and have simple, cheap machines, just by changing the lens.”

What excites him the most, however, is that superlenses could open our eyes to worlds now visible only to a  
privileged few.

“The public’s access to high-powered microscopes is negligible,” he says. “With superlenses, everybody could be 
a scientist. People could put their cells on Facebook. It might just inspire society’s scientific soul.”

Using CO2 to make good stuff— 
and energy

M
ichigan Tech materials scientist Yun Hang 
Hu has discovered a chemical reaction that 
not only eats up the greenhouse gas carbon 
dioxide, it also creates something useful. And, 

by the way, it releases energy.

Making carbon-based products from CO2 is nothing new, 
but carbon dioxide molecules are so stable that those reac-
tions usually take up a lot of energy. If that energy were to 
come from fossil fuels, over time the chemical reactions would 
ultimately result in more carbon dioxide entering the atmosphere—
defeating the purpose of a process that could otherwise help mitigate 
climate change.

Professor Yun Hang Hu’s research team developed a heat-releasing reaction between carbon dioxide and Li3N 
that forms two chemicals: amorphous carbon nitride (C3N4), a semiconductor pictured above; and lithium  
cyanamide (Li2CN2), a precursor to fertilizers.

“The reaction converts CO2 to a solid material,” said Hu. “That would be good even if it weren’t useful, but it is.”

And how much energy does it release? Plenty. Hu’s team added carbon dioxide to less than a gram of Li3N at 330 
degrees Celsius, and the surrounding temperature jumped almost immediately to about 1,000 degrees Celsius, or 
1,832 degrees Fahrenheit, about the temperature of lava exiting a volcano.
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Raising a red flag
New probe illuminates early-warning 

signs deep within the cell

The cells are stained with a red 
fluorescent dye that lights up abnormal 
mitochondria. Developed by Lanrong Bi’s 
research team, it can reveal damage to 
these energy engines, an early sign  
of disease.

R E S E A R C H 2 013 | Michigan Technological University 7



by Frank Stephenson

If our mightiest power plants could only match the simple efficiency of living cells in 
generating energy, the world wouldn’t be worrying about running out of oil any time 
soon.

Instead of being sprawled across a hundred or more acres and eating through tons of 
mainly irreplaceable natural resources every day, such power plants would need little 
more than air, water, and raw material rich in sugar and starch. Toss in a few miner-
als and throw the switch on an energy revolution that would change the course of 
civilization.   

Consider that a single living cell can contain as many as 2,500 of its very own 
high-speed energy plants capable of astonishing feats. These microscopic factories can 
produce—on demand—all the energy a body needs for either running a marathon or 
doing math. Without these amazing units, known as mitochondria, about the only 
things living on Earth would be bacteria and algae. Vive la evolution!

But as wondrous as they are at producing energy, mitochondria are subject to break-
down, as are Earth’s fanciest power grids. Even though they run on oxygen supplied 

by normal respiration, for reasons not always clear (overexpo-
sure to UV radiation is one key suspect) mitochondria 

sometimes produce more oxygen-based byprod-
ucts than they need. The result can wreck 

mitochondrian machinery and trigger a 
series of nasty side effects. 

Over the years, researchers have 
learned a lot about the link between 
mitochondria that suffer from what 
is called “oxidative stress” and a vari-
ety of health consequences, from the 
worst effects of aging to diseases such 

as cancer, Alzheimer’s, Parkinson’s, and 
even heart disease. This is a big reason why 

the over-the-grocery-counter trade in foods, 
potions, and pills branded as “antioxidants” is a 

multi-billion-dollar industry in the US alone.    
If modern medicine had a safe, fast, and efficient way to 

check the health of a patient’s mitochondria, physicians would have a powerful new 
tool for catching some of the worst diseases in their earliest stages. New developments 
coming from the lab of two Michigan Tech chemists suddenly make the prospects of 
putting such power in the hands of healthcare providers an exciting possibility.

The soon-to-be-published work of Lanrong Bi, an assistant professor of chemistry, 
and doctoral student Nazmiye Yapici details their breakthrough development of two 
f luorescent dyes that show remarkable promise for detecting sick mitochondria in live 
mammalian cells. In repeated tests, mainly in rats and mice, these new compounds 
outperformed the best dye-based mitochondrial probes now on the market. The 
University’s Office of Innovation and Industry Engagement has filed for a patent on 
the compounds.

“Our new compounds enable us to quickly analyze the oxidative stress in mitochon-
dria,” said Bi (pronounced “bee”). “These new dyes can easily differentiate between 
sick and healthy mitochondria and give us more information, and faster, than any-
thing out there.”

For many years, biochemists have relied heavily on a special class of dyes for 
studying the inner workings of live cells. The best of these are based on rhodamine, 
a compound that readily combines with intracellular organs, or organelles, and has 

The dyes can be 
tailor-made to 
literally light up 
almost anything 
inside a living cell, 
pinpointing in vivid 
colors a select 
target.
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Pair honored for 
promising research

Lanrong Bi and graduate student Nazmiye Yapici 
received the 2012 Bhakta Rath Research Award 
for their work developing dyes to observe the inner 
goings-on of cells.

Bi stressed that Yapici has been key to this 
research. “She is an absolutely outstanding student,” 
Bi said. “She works very hard; to demonstrate one 
f luorescent dye, she will test it under two thousand 
experimental conditions. And we will meet at two or 
three o’clock in the morning to do our work, because 
not many people are working on the f luorescent 
microscope at that time.”

Yapici was among only fifteen students from 
graduate schools throughout the nation selected 
to present her work at the May 2012 American 
Chemical Society Graduate Research Symposium. 
In addition, her presentation on detecting free radi-
cals in living cells, given at the 2012 ACS National 
Meeting, was one of a select few posted online at 
ACS Presentations on Demand, available here: 
http://tinyurl.com/Yapici.

the added benefit of f luorescing under scrutiny by 
light microscopes. Such dyes can be engineered to 
literally light up almost anything inside a living cell, 
thereby pinpointing in vivid colors a select target  
for study.

Bi’s new compounds also are rhodamine-based, 
but are otherwise vastly improved probes, she said.

“The secret [to our dyes] is in their molecular 
configuration. Their chemical structures are built 
to bind only with the molecules that make up 
mitochondria.”

The new compounds are so specifically drawn to 
mitochondria that they easily reveal the damage done 
by oxidative stress. To help mitigate such damage, 
mitochondria will resort to dramatically altering 
their shapes to stay alive. This microscopic life-
and-death drama can now be seen and studied in 
stunning detail with the improved dyes, Bi said.  

Another promising dye Bi’s team has produced 
targets yet another essential cell organ, the lyso-
some. Commonly thought of as a cell’s “stomach,” 
these organelles are responsible for digesting and 
getting rid of waste material. These vital units are 
subject to health problems as well. The new probe 
the Michigan Tech group has developed is capable 
of identifying sick lysosomes more efficiently than 
any commercial dye now available, Bi said.

Last summer, Michigan Tech honored Bi and 
Yapici’s work with the University’s Bhakta Rath 
Research Award (see adjoining story). Endowed 
in 2010 by alumnus Bhakta Rath and his wife, 
Sushama, the award recognizes campus research 
that shows promise for meeting national needs in 
engineering and the life sciences.  

In supporting their nomination for the award, 
James J. Russo, research scientist with Columbia 
University’s Genome Center, said that the novel 
f luorescent dyes “will have great potential for  
biomedical applications.”    

“This project is especially exciting because of  
the new compounds already show a dramatic 
improvement over [probes] currently on the market,” 
he said. n

For more information

www.mtu.edu/chemistry/department/
faculty/bi

Nazmiye Yapici, left, 
and Lanrong Bi
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Trees to fuel the future—
naturally

10 Michigan Technological University | R E S E A R C H 2 013



by Jennifer Donovan

Chandrashekhar Joshi is hunched over twin 
computer screens, a grin illuminating his 
cheery face. The professor of plant molecular 

genetics is asking weighty questions, questions that 
affect the future of people’s lives and economies all 
over the world. And he’s closing in on answers.

First question: how can we reduce our dependence 
on fossil fuels? Answer: start investing seriously in 
biofuels.

Next question: how are we going to turn to biofu-
els without depleting vital food resources like corn 
and sugarcane? Answer: focus on cellulosic biofuel, 
the kind made from the stems of woody plants like 
trees and residues from grasses.  

Forests cover hundreds of millions of acres world-
wide. Along with other plants, trees produce 180 
billion tons of cellulose a year, potentially making 
woody biomass a plentiful, sustainable, non-food 
source of biofuels. 

But trees and other woody plants are tough cus-
tomers. Their cell walls, the very things that enable 
them to stand upright, are also very hard to break 
down. That’s because they are made of complex 
molecular chains of sugars—sugars that must be 
released to brew biofuel from woody biomass—and 
they don’t give up those sugars easily.

So Joshi, interim chair of the Department 
of Biological Sciences at Michigan Tech and a 
professor in the School of Forest Resources and 
Environmental Science, set out to produce trees that 
would yield to the enzymes that transform biomass 
into biofuel. To do that, he and his research team 
had to manipulate the tree genes that control cel-
lulose synthases, the proteins that assemble glucose 
molecules into cellulose.

Working with poplars, fast-growing trees whose 
entire genome is known, they cloned and character-
ized about fifty genes that control the composition 
of the poplar’s cell walls. Turning off some of these 
genes produced trees with cell walls that contain less 
lignin and hemicellulose—a carbohydrate in cell 
walls that provides support but also f lexibility for 
plant stems—and more cellulose.

Some of those genetically modified plants grew 
faster, and their sugar production tripled, Joshi 
reports, making the stems much better suited to 
producing biofuel.

Then he and his colleagues took on another chal-
lenge. They needed to reduce the crystallinity of the 
cellulose, because the more crystalline the molecular 

structure of cellulose, the less sugar is available for 
making biofuel.

So the scientists started manipulating other cell 
wall genes. It only took one to reduce the lignin 
and increase the cellulose. They found it took three 
different genes working in concert to get less crys-
tallinity without reducing the amount of cellulose.

 “We can manipulate genes to increase the amount 
of cellulose and change its properties, so that it 
releases its sugars more efficiently,” he says.  

But no one, including Joshi, wants to genetically 
modify millions of trees. So he’s hot on the trail of 
an even better solution. Now that he knows which 
genes affect the content and properties of a tree’s 
cell walls, he’s looking for those variants in natural 
populations.

“Once we find it in nature, we can select or breed 
trees or other bioenergy plants with that variation,” 
he says, excitement shining on his face. “We can 
grow as many as we need without artificial genetic 
manipulation.” n

The aim is not to bioengineer and 
breed the “ideal” tree, but to 
pinpoint the variants that make trees 
a good source of biofuel and track 
down those traits in nature. 

Chandrashekhar Joshi
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Gordon Parker, left, and 
Wayne Weaver

12



A high-voltage 
balancing act
by Marcia Goodrich

When you make breakfast, chances are you don’t think twice about whether there will be enough 
electrons zipping through your toaster to brown the bread. That’s because you’re probably on the 
grid, the beyond-big power network that stretches across the continent and draws energy from 

thousands of sources.
If you are off the grid, however, you can’t necessarily take toast for granted. Wayne Weaver explains why.
“On the big grid, if you plug in a fan or a refrigerator, you don’t make a dent in it,” he says. “But if your 

grid is much smaller, any little change in source or load can throw the system out of whack.”
If you have a load on one side, such as a coffee pot, you have to have a source, be it a solar panel or a diesel 

generator, on the other, making the right amount of electricity. “The problem is optimizing that balancing 
act,” says Weaver, an assistant professor of electrical and computer engineering. 

“What happens if a cloud passes over a solar panel?”
Weaver and his colleague Gordon Parker are Michigan Tech’s leading 

acrobats in this balancing act as it applies to microgrids. 
“The word ‘microgrid’ is a little misleading,” says Parker, the John and 

Cathi Drake Professor of Mechanical Engineering. “They don’t have to 
be small. They can be a vehicle, a house, or a whole community. Their 

main feature is that they can be disconnected from the host power 
grid and can operate independently.”

Balancing a microgrid is a delicate matter. “It must be able to 
generate power—from renewables, diesel, anything—and it will need 
some level of energy storage. That’s particularly true if your sources 
are renewable, because those things come and go with the weather,” 
says Parker. “Sometimes you will need to store power, because if your 

sources are producing more than your loads consume, then you either 
have to throw away perfectly good energy or you store it for later. 

Keep in mind, ‘later’ could be a fraction of a second to many 
days. This is the essence of a very interesting control and opti-

mization problem.”
There is more than one way to manage a microgrid. “One 

is to install an overarching central controller that gets data 
from everywhere and issues commands,” Weaver says. 
“That works well, but if that one controller goes down, 
the whole system goes down.”

Alternatively, you can use a number of lesser con-
trollers. “The problem is that each one doesn’t know 
all the information, so we have to figure out how to 
get them to work together,” he says.

To do that, Weaver uses game theory. “It’s 
basically a mathematical approach to resolv-
ing conflict,” he says. “When you have scarce 
resources on a common network, there’s con-
flict. Think of it like an economic market: 

“Any little 
change in 
source or load 
can throw the 
system out of 
whack.”
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game theory offers us a framework to allocate resources, anything from wheat to company stock. 
It settles on a price, and the system keeps working.”

Within that context, Parker and Weaver are working on a platform that will let the team test 
different strategies for organizing and running a microgrid. “We have a very f lexible control 
architecture that lets us bring in information from the power electronics to either a central con-
troller or to distributed controllers at each device on the grid,” Parker says.

The team is operating through the new Mobile and Interconnected Microgrid Center and 
already has a couple of experimental microgrids in operation. One is Michigan Tech’s Mobile 
Lab, which specializes in hybrid electric vehicle technology.

“The trailer has a diesel generator, solar panels, a wind turbine, various loads, and plug-in 
hybrid electric vehicles. It’s a microcosm of an electric power system,” Weaver says. 

And in Weaver’s lab is a microgrid no larger than a small cabinet. What makes it special is 
a device he made that might be called a universal voltage regulator. 

Its real name is PEBB Board, short for Power Electronic Building Block. Now in 
its third iteration, it’s a circuit board that serves as a convertor, changing one form of 

electrical energy to another, albeit on a grand scale.
“It lets us connect a bunch of loads and sources of different voltages at a 

common point,” Weaver said. “That allows all those little power converters in 
the microgrid to connect to the power bus [which brings electricity into the 
microgrid] and to the Internet, so they can talk among themselves on how to use 
or store power, whatever they are trying to accomplish.”

The researchers are working with Sandia National Labs to improve hardware 
for microgrids and develop better models for computerized controls. “We’re also 
working with Sandia on a project to embed artificial intelligence into power 

converters, so they can talk with each other better,” Weaver says.
Until now, their work has largely been confined to the University. Their dream 

project would be to apply their expertise to a military base camp.
A typical base in a war zone has barracks, chow halls, and other facilities, all 

powered independently by diesel generators. “If they need more power at some location, 
what are their choices?” asks Parker. “They have to disconnect and move a generator and 

change the wiring. The no-brainer solution is connecting all the sources, loads, and storage into 
a controllable microgrid. This also lets you use different types of ad hoc power sources including 
solar, wind, and military vehicles with power export capability.”

This new technology could also let the military plug hybrid vehicles into the microgrid, since 
they can be a source of power as well as a load. That would make these unconventional vehicles 
more useful.

“Hybrids and electric vehicles have interesting capabilities in terms of doing silent operations, 
but you have to manage their state of charge,” says Parker. “If you have a f leet of vehicles, they 
need to be able to talk with each other and the microgrid” to assure that power is available where 
and when it’s needed most. “The goal is to have them work harmoniously together. You don’t 
want all these vehicles fighting for power, making bad decisions, and causing a blackout.”

Parker likes to think of microgrids in broader terms than electricity. “It’s really about energy 
f low,” he says. “When you envision it that way, it frees up your thinking. Suddenly everything is 
up for grabs.”

Such as? Storage, for one thing. “It isn’t just about batteries,” Parker says. “Energy can be 
stored mechanically, in f ly wheels, or in water . . . a microgrid gives you control of the whole 
package.”

What’s next? They would like to build their own field-based microgrid, “something we could 
take out in a U-Haul and connect with ad hoc sources and loads,” Parker said.

Then they could practice that energy balancing act in earnest. n

“It’s really about 
energy flow. . . 
When you envision 
it that way, it 
frees up your 
thinking. Suddenly 
everything is up  
for grabs.”
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Michigan Tech’s 
Great Lakes Research Center
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A boathouse 
to die for

A hoist, electronics, repair 
shops, office, and space for 

staging and cleanup are 
just an hour’s ride from 

Lake Superior.

Rooftop gardens
These natural air 

conditioners also soak 
   up runoff.

Captured warmth
Exhaust from the nearby 
heating plant warms the 

center in winter.

Big water, 
big picture

A supercomputer can 
crunch a tsunami of data 

and predict what Lake 
Superior will look like in 

100 years.

Research vessels
The 37-foot RV Agassiz, a 
state-of-the-art floating 

laboratory, joins two smaller 
boats, the Polar and the 

Husky Traveler.

Buoys with brains
9 high-tech buoys track 
Great Lakes weather and 

water conditions.

Exotic species
Lab space is dedicated 
to studies of invasive 

species such as quagga 
and zebra mussels and 

spiny water fleas.

Endangered 
species

The Fish Biology Lab 
supports science on coaster 
brook trout, lake sturgeon, 

and other threatened 
fish species.

Fun science 
for kids . . . 

and everyone else
Kids of all ages enjoy 

programs from fish dissection 
workshops, to nature hikes, 
to cruises on the Research 

Vessel Agassiz.

Roving ROVs
Remotely operated vehicles 
scour the lake bottom for 
anything from wrecks to 

toxic waste.

Tools and toys 
for scientists

9 research labs are stocked 
with top-of-the-line 

equipment for studies in 
chemical analysis, 

sediments, air quality, 
and more.

Landscaping
8 gardens incorporate 

cultivars of native plants 
to mimic the region’s 

ecosystems—including a 
functioning bog.

80-square-foot 
GeoWall

This flat-panel display lets 
researchers share results 

with stakeholders.

Wireless auditorium
90 seats are available 

for classes, seminars, and 
professional meetings.

Location, 
location, location

On America’s North 
Coast, there’s no better 
place for Great Lakes 

research.

Everyone can play
The GLRC can provide space 
for scientists and others who 

study the Great Lakes. 
For more information, contact 

Guy Meadows at 
gmeadows@mtu.edu, 

906-487-1106.
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the GLRC will be a nexus of 

research and policymaking, to help 
meet human needs while 

protecting the largest 
group of freshwater lakes 

on Earth.
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It has labs for everything 
from supercomputing to invasive 

species, for everyone from school kids 

to university researchers.

There’s a weather station on the roof, 

and just outside, scientists can board 

the Research Vessel Agassiz and be on 

Lake Superior in under an hour.

Designed by FTC&H, of Grand Rapids, 

Michigan, its colors and construction 

evoke the red sandstone cliffs of 

Jacobsville and the deep blue of the  

big lake.

It’s the Great Lakes Research Center, 

or GLRC. Completed in August 2012, 

the four-story center overlooking the 

Keweenaw Waterway is dedicated to 

furthering knowledge of the greatest 

chain of freshwater lakes in the world.

“It’s a very cool building, and the things 

it will enable us to do will be even 

cooler,” says Guy Meadows, director 

of Great Lakes initiatives. “Research 

directed at understanding and 

preserving all aspects of the Great 

Lakes is critical to the well-being of our 

neighbors, our nation, and the world.”

Great Lakes 
Research Center

at Michigan Technological University

A PLACE ON THE WATER

http://greatlakes.mtu.edu

Great Lakes 
Research Center
A rendezvous for science— 
and a whole lot more

If you build it, they will come. Not ballplayers per se, but major 
leaguers nonetheless: researchers, academics, policy wonks, and 
business people, all drawn by a common concern for the world’s 

greatest system of lakes.
 “The Great Lakes Research Center will enable all these groups 

to come together and work as a team on water-related activities in 
the broadest sense,” says Guy Meadows, director of Great Lakes 
initiatives. “The work done here will be all encompassing and 
highly interdisciplinary, ranging from sustainability issues to the 
economy of the upper Great Lakes region.”

The four-story center houses a complex of research laboratories, 
each tailored for a different topic that relates to the Great Lakes, 
among them invasive species, fish ecology, sediments, remote 
sensing, and atmospheric science. It also has offices for visiting 
scholars, a boathouse for the University’s research vessels and 
environmental-monitoring buoy network, and a public area that 
includes conference facilities and space for K-12 education.

Seventy-four percent of the funding for the $25.4 million facil-
ity was provided by the State of Michigan. The University’s share 
is 26 percent, or $6.6 million. “We’ve also had tremendous support 
from the private sector for equipment,” Meadows said. “The driv-
ing force has been our alumni ties with industry partners.”

The center opened in August 2012, but its seeds were sown a 
decade earlier. “That’s when Michigan Tech realized that water is 
the focus of many of the University’s strengths, and the concept of 
the Great Lakes Research Center was born,” says Meadows. 

The center is designed to foster collaboration within the 
University and beyond. “We also want partnerships throughout 
the Great Lakes basin, including US and Canadian government 
labs, industry, and other universities,” says Meadows. “Our suc-
cess depends on the desire of faculty, policy experts, and outside 
researchers to come together to do great work.

“That takes a state-of-the-art place with state-of-the-art equip-
ment and state-of-the-art computing facilities,” he said. “That’s 
what Michigan Tech has built, and now we invite everyone with a 
passion for the Great Lakes to come and be part of it.”

http://greatlakes.mtu.edu

“We invite 
everyone with 
a passion for 
the Great Lakes 
to come and be 
part of it.”

Michigan Technological University is an equal opportunity educational institution/equal opportunity employer.
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Great Lakes Research Center
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by Marcia Goodrich

Russ Alger is biding his time. It pays to be patient in McMurdo Bay, since nothing comes 
easy in Antarctica. Fortunately, Alger is on his sixth visit to this scientific outpost, and he 
knows the ropes.

During his first trip, in 1994, he helped scout the first trail to the South Pole. Alger was 
younger then, and tougher: a necessity for the three months of tent camping in a white, sub-zero 
landscape crisscrossed with invisible crevasses that could swallow a snowmobile whole, just like 
that.

This time, however, Alger is not straying far from McMurdo. The director of the Institute for 
Snow Research is here to make another snow road better. It’s a fifteen-mile stretch from New 
Zealand’s Scott Base to the Pegasus runway, where supplies and people arrive in old cargo jets.

Alger will use a rarified groomer he and his colleagues developed at Michigan Tech’s 
Keweenaw Research Center. Called a snow paver, it has the near-magical ability to turn snow 
into solid roadway. All Alger needs is a little shop time to make a few improvements and repairs. 
But McMurdo has tons of broken vehicles, so there’s always a wait.

He’s here with friend and coworker Joel Kunnari, who manages the winter test course at the 
Keweenaw Research Center. Kunnari, better known as Toby, is an expert on snow roads in his 
own right. Plus, he knows the equipment better than anyone.

Alger and Kunnari have been trying to stay busy for three days while they wait for the repair 
shop to open. They get caught up on paperwork, check out some research projects, and, on a 
walk in weather cold enough to freeze tears, visit Discovery Hut.

The hut was used for storage during Robert Falcon Scott’s first expedition to Antarctica, from 
1903 to 1907. It’s an eerie place; there’s still a dead seal outside, a pile of whale blubber, and hay 

Snow going

Road-building scientists 
do slow-motion 
engineering at the bottom 
of the world.
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for the expedition’s long-gone ponies.
Finally a spot opens up in the repair shop, and they bring the snow 

paver into the (heated!) building, where they install a hydraulic power 
pack. What with sundry Antarctic delays, it takes four days to get the 
paver up and running.

The next step is to hitch the paver to a tractor and haul it out to a 
test site. After grooming about a hundred feet, they spy red f luid spat-
tered on the snow. Says Alger, “We had a tractor breakdown right off 
the bat.”

Chalk up another day’s delay, which involves filling a fifty-five-gal-
lon drum with anti-freeze-pink snow for safe disposal. Then they head 
out in the quasi-repaired tractor. It runs but lacks a heater core, so the 
temperature in the cab is about the same as the temperature outside: 
15 degrees below zero Fahrenheit.

Despite near-frozen feet, they persevere. Finally, they are able to 
pave a new section of the road from Scott Base to the Pegasus runway.

“It’s a perfect piece of road for us: it’s new, and it really needed help,” 
Alger says. “They really want to be able to travel that in rubber-tired 
vans at about twenty-five miles an hour.”

The paver works by first chewing up the snow with a miller drum, 
which smashes the ice crystals so they will stick together. It’s fol-
lowed by a vibrating compactor, which gets all the air out of the snow, 
compressing it to make a pavement. “We mess around with how the 
vibrator works to try to make this snow pavement as homogenous as 
possible,” says Alger. 

This involves constant tweaking. They build a short road to test dif-
ferent processing techniques and see how the surface strength changes 
with time. “We hope to find out what works best,” says Alger. 

How well does it work? After paving, their 38,000-pound tractor is 
sitting pretty on its cleats, perched on top of the road surface.

Roads are all very well and good, but Alger has another vision 
for the snow paver that could revolutionize transport to and from 
Antarctica. He’d like to build a full-size runway.

Now, air transport is via C130s with skis. “They are old, and the 
maintenance is expensive,” says Alger. “And the planes are small; their 
capacity isn’t the greatest.” Newer, wheeled planes could haul more and 
bigger stuff more cheaply. They might even be able to touch down at 
the end of the Earth.

“There’s interest in landing bigger and newer planes at the South 
Pole and other remote areas,” says Alger. All they need is a good 
runway—not much different from the road he and Kunnari have just 
built.

Could you really land a big jet at the South Pole, where the snow is 
about 9,000 feet (2,700 meters) thick?

“I think we can,” Alger says. “I just have to find somebody who 
believes me.” n

The paver transforms snow into 
pavement strong enough to hold a 
20-ton tractor. 

Top, the view of McMurdo Bay from the surrounding 
hills. Middle, Russ Alger checking out the snow paver 
equipment on a test road. Bottom, outside Scott’s Hut, 
on Cape Evans, built in 1911 as a base of operations for 
Robert Falcon Scott’s ill-fated expedition to the South 
Pole. He and all members of his party perished on the 
return trip.

20 Michigan Technological University | R E S E A R C H 2 013



Now
that’s

a superior
idea!

by Jennifer Donovan

Imagine inviting everyone to support their favorite university research. Those who can afford 
$100 or $1,000 could give it, and those who can only afford $1 could make their buck matter, 
too.   

What a superior idea. And that’s exactly what an innovative crowdfunding website of the same 
name is doing.    

Superior Ideas was created by Michigan Tech to allow anyone to contribute any amount to 
support research projects. Crowdfunding is a relatively new phenomenon that allows many 
people to pool small contributions to support projects in which they share a common interest.

Launched in October 2012 with several research projects chosen for their importance and 
public appeal, Superior Ideas offers researchers a new source of funding for small projects or 
pieces of larger research efforts. 

“This is a way to leverage interesting ideas,” says David Reed, vice president for research. “It 
can help people get started, do a discrete piece of research, or collect data that will enable them to 
get more funding.” Perhaps equally important, Reed suggests, is the way crowdfunding involves 
the public in university research. 

“It’s important for people to understand what researchers are doing, and one of the best ways to 
understand a project is to become a part of it,” Reed explains. 

Can a small donation make a difference? Absolutely, says Reed. 
“Superior Ideas is designed to maximize the impact of many smaller 
donations.”

Who thought up crowdfunding?  
It was born of the seemingly limitless ability of the Internet to con-

nect people who otherwise would never meet. Crowdfunding websites 
have popped up supporting everything from gaming and business 
ventures to humanitarian efforts, educational projects, mobile apps, and 
technology development. Some are commercial, others nonprofit. Using 
one of them, John Vucetich, an associate professor in the School of 
Forest Resources and Environmental Science, raised more than $10,000 
in 2012 to support the ongoing wolf-moose predator-prey study at Isle 
Royale National Park. 

But Michigan Tech is the only university that Reed knows of using 
its own crowdfunding site to support its research.

So the call went out for research projects that might intrigue the 
public. Nine were chosen based on their significance and their clear 
application to everyday life. 

How anyone can make  
a superior idea come true
Go to www.superiorideas.org.

Choose a research project that  
interests you.

Click on “Contribute Now.”

Fill out the form, including the amount you 
wish to give.

You will receive a receipt. At certain 
donation levels, you will also receive a gift 
from the researcher.

Your donation is fully tax-deductible.
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T H R E E  S U P E R I O R  I D E A S

Baby tears: assessing 
nutrition in infants 

Principal investigator: Adrienne 
Minerick, associate professor of 
chemical engineering

Minerick is using infants’ tears to 
determine vitamin levels. Her work 
could lead to an ultrafast, ultra-small 
device to assess infant vitamin levels 
as a measure of overall nutrition.

Twenty-three contributors gave 
$2,511 during this project’s ninety 
days on the Superior Ideas website.  

Can a good night’s sleep 
prevent heart disease? 
Exploring sleep apnea

Principal investigator: Jason 
Carter, chair of the Department of 
Kinesiology and Integrative Physiol-
ogy and associate dean of the Col-
lege of Sciences and Arts

Carter and Carl Smoot, a sleep dis-
orders physician at Portage Health, 
are studying one of the most 
common sleep disorders in the 
world, sleep apnea, in which patients 
stop breathing for long periods of 
time while asleep. They hope to 
determine links between sleep apnea 
and cardiovascular disease.

So far, seventeen contributors have 
given $4,875 to support this project.

Greener and cleaner: 
building a better 
snowmobile

Principal investigator: Jay  
Meldrum, director, Keweenaw 
Research Center

In the Clean Snowmobile Challenge, 
a Society of Automotive Engineers 
competition held annually at Michi-
gan Tech, university teams from 
across North America vie to design 
and build the cleanest, quietest snow 
machines. Donations to this project 
will help establish awards for catego-
ries such as innovation, lowest noise, 
least gas emissions, fuel economy, 
safety, and sportsmanship.

Three contributors have given 
$1,110 to this project on the Supe-
rior Ideas website.

Each project sets a dollar goal and a predetermined length of time to achieve it. With each 
donation, the website automatically updates the percentage of the goal that has been reached, the 
total amount contributed so far, and the number of days left in the campaign. 

Soon Superior Ideas will launch phase 2. It will include biographical sketches of the research-
ers and a number of interactive tools, including
•	 a	user	login	on	the	site	and	through	Facebook;
•	 user	profiles,	offering	users	an	easy	way	to	create	a	profile	and	see	what	projects	they	have	

supported; and  
•	 the	ability	to	ask	a	question	or	leave	a	comment	for	the	researcher.

In addition, users will be able to donate via PayPal, and researchers from other universities will 
also be able to submit projects.

Reed and research development and marketing director Natasha Chopp have high hopes for 
the future of Superior Ideas. Says Chopp, “We hope to make this a model for innovative, public 
support for university research.” n
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Spacetime
A smoother brew than we knew
by Marcia Goodrich

Spacetime may be less like beer and more like cognac.
Or so an intergalactic photo finish would suggest.
Michigan Tech physicist Robert Nemiroff reached this heady conclusion after 

studying the tracings of three photons of differing wavelengths recorded by NASA’s 
Fermi Gamma-ray Space Telescope in May 2009.

The photons originated about 7 billion light years away from Earth in one of three 
pulses from a gamma-ray burst and arrived at the orbiting telescope just one millisec-
ond apart, in a virtual tie.
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This short gamma-ray burst was probably caused by the collision of two neutron 
stars, the densest known objects in the universe.

A neutron star is created when a massive star collapses in on itself in an explosion 
called a supernova. The neutron star that forms in its heart is typically about ten miles 
in diameter yet is heavier than the sun.

When neutron stars collide, they release energy that can be millions of times 
brighter than the Milky Way, but not for long. The burst that sent the three photons 
hurtling toward Earth lasted 2.1 seconds.

Such events generally originate billions of light years away, which is good for us, 
because otherwise they could wipe out most life on Earth, including the human race. 
They are nonetheless intriguing.

“Gamma-ray bursts can tell us some very interesting things about the universe,” 
Nemiroff says. In this case, those three photons recorded by the Fermi telescope may 
be validating Albert Einstein’s view of spacetime at the expense of quantum mechan-
ics. In other words, spacetime may not be not as bubbly as some scientists think.

In his General Theory of Relativity, Einstein described space and time as smooth, 
deforming only under the weight of matter. But according to later theories of quan-
tum gravity, which deal with matter and energy at the smallest scale, spacetime is 
made up of a froth of particles and possibly even black holes that pop in and out of 
existence over infinitesimally small moments at the so-called Planck-length scale, 
which is less than a trillionth of a trillionth the diameter of a hydrogen atom.

The “bubbles” in this foam—should they exist—are so small as to be almost 
undetectable. However, scientists have theorized that photons from gamma-ray bursts 
should be able to track down the bubbles’ signature.

Here’s why. The wavelengths of gamma-ray burst photons are some of the short-
est distances known to science—so short they should interact with the even smaller 
bubbles of quantum foam. And if they interact, the photons should be dispersed—
scattered—on their trek through frothy spacetime.

In particular, they should disperse in different ways if their wavelengths differ, as in 
the case of Nemiroff ’s three photons. Imagine a ping pong ball, a bowling ball, and a 
softball taking alternate paths down a gravely hillside.

Furthermore, few things can delay gamma-ray photons like these, so they might 
travel for unimaginably long distances unimpeded. You wouldn’t notice the scattering 
over short distances, but across billions of light years, the quantum foam should knock 
the light around enough to notice. And three photons from the same gamma-ray burst 
should not have crashed through the Fermi telescope in a dead heat.

But they did, and that casts serious doubt on the foaminess of spacetime, at least at 
the most popular scale considered, the Planck length.

An earlier analysis of photons captured by the Fermi Gamma-ray Space Telescope 
also suggested that the universe is smooth, possibly just below the Planck scale. The 
margin of error, however, was large enough to cast that result into question. Bolstered 
by the evidence garnered from the three photons, Nemiroff ’s analysis reinforces those 
early results and takes them further: “If foaminess exists at all, it must be at a scale far 
smaller than the Planck length, indicating that other physics might be involved,” he 
says.

“We have shown that the universe is smooth across the Planck mass,” Nemiroff 
adds. “That means that there’s no choppiness that’s detectable. It’s a really cool dis-
covery. We’re very excited.”

Another win for Einstein. This may call for a toast. n

A photon photo 
finish leads to 

an intoxicating 
conclusion about 

the nature of time 
and space.
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From leading-edge research to extraordinary 
showmanship, few scientists have made as 
big an impact on their field as astrophysicist 

Robert Nemiroff, the corecipient of Michigan Tech’s 
2012 Research Award.

Nemiroff, a professor of physics, is best known in 
the lay community for being half of the team behind 
NASA’s Astronomy Picture of the Day. With half a 
million hits daily, it is the most successful and popu-
lar astronomy site on the web. See why at  
http://apod.nasa.gov.

The site is so well known, that “some people in 
the astronomical community think that’s all I do,” 
said Nemiroff, adding with a smile, “It’s good to get 
a Research Award to show that I’m a real scientist.”

There doesn’t seem to be much doubt that he is. 
Nemiroff established himself years ago within the 
astrophysics community championing the radical 
idea that gamma-ray bursts—the most powerful 
explosions in the universe—originate far beyond the 
Milky Way.

Nemiroff ’s group showed time and again that new 
satellite observations were most consistent with a 
cosmological origin. A serendipitous optical obser-
vation a few years later confirmed the suspicions of 
Nemiroff and a growing group of others: “It was 
game over for the galactic people.” (See Nemiroff ’s 
recent gamma-ray research on page 23.)

His research also capitalizes on a phenomenon 
predicted in Einstein’s General Theory of Relativity. 
Called gravitational lensing, it states that matter can 
bend light away from its source. “I use that to better 
understand the universe between gamma-ray bursts 
and us,” he said.

In nominating Nemiroff, physics professor Don 
Beck and Ravindra Pandey, chair of the physics 
department, cited his research based on gravitational 
lensing, noting that his groundbreaking predictions 
regarding binary stars, quasars, and microlensing 
events (which give insight into stellar distributions 
and dark matter) have been proved correct.

In another project, Nemiroff and his gradu-
ate students searched gamma-ray bursts to find 
“echoes” caused by the gravitational lens effect of 
dark matter. “We couldn’t find the echoes,” he said, 

so they concluded that there was considerably less 
dark matter in the region than previously estimated, 
“about a billion solar masses.”

Among his other accomplishments, Nemiroff also 
led the first team to set up a global network of wide-
angle cameras to record the entire night sky. While 
most of his original cameras are no longer in place, 
several groups have since built their own networks.

The passion for education and outreach evident in 
the Astronomy Picture of the Day manifests itself 
throughout Nemiroff ’s working life. “He really 
cares about teaching,” said Jay Norris of Boise State 
University. “Bob’s quest to understand Nature—
and transfer that understanding to others—is 
unflagging.”

Outreach should go hand in hand with research, 
Nemiroff said. “Scientists should communicate 
outside their field, and many people are doing it here 
at Michigan Tech.”  

And, he said, he’s honored to be singled out for his 
own contributions. “There’s a lot of really good sci-
ence going on all around the University,” he noted. 
“You can go into many labs, ask what’s going on, 
and be enthralled.” n

Discoveries from the edge of the 
universe

“Bob’s quest to 
understand Nature—
and transfer that 
understanding 
to others—is 
unflagging.”
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Andrew Storer is an entomologist by training, 
but according to his colleagues, he is a great 
deal more.

“I have rarely found one professor’s scholarly 
endeavor to be as connected, focused, and relevant 
as Dr. Storer’s,” said Frank J. Sapio, director of 
the US Forest Service’s Forest Health Technology 
Enterprise Team. “As natural resource managers, we 
are better off because of the tools that Dr. Storer’s 
work has led to.”

Storer, associate dean and professor in the School 
of Forest Resources and Environmental Science, 
is corecipient of Michigan Tech’s 2012 Research 
Award. He is best known for his research on the 
emerald ash borer, which is threatening ash trees in 
Michigan and surrounding states. But he also stud-
ies a wide variety of other insects and insect-borne 
tree diseases.  

“Most of our work seeks to evaluate the causes and 
effects of declines in forest health,” Storer says. “Our 
overall goal is to have sufficient understanding of 
these systems to be able to develop and test manage-
ment tools to reduce the long-term negative impacts 
of the declines in forest health that they cause.”

When the emerald ash borer first appeared in 
Michigan in 2002, Storer volunteered his expertise 
to the state’s Department of Natural Resources and 

the US Forest Service. “Without the research results 
provided by Dr. Storer, our ability to cope with the 
emerald ash borer outbreak in the Lake States would 
have been severely compromised,” said Joseph G. 
O’Brien, a plant pathologist with the US Forest 
Service’s Northern Research Station.

With US Forest Service and State of Michigan 
funding for the Slow Ash Mortality (SLAM) 
project, Storer, his colleagues, and students have 
been evaluating management tools such as biologi-
cal control and insecticide injections. They are also 
investigating why some ash trees seem to tolerate or 
resist the emerald ash borer and developing better 
ways of spotting the beetle in new areas.

Although the emerald ash borer research could 
keep him busy full-time, Storer also is re-measuring 
beech bark disease plots throughout Michigan that 
were established about ten years ago. “This enables 
us to evaluate the impacts of the exotic beech bark 
disease complex that is devastating beech resources 
in many parts of the state, and to identify potentially 
resistant trees that could be used in reforestation 
efforts in the future,” he said.

Storer’s team is also investigating possible causes 
of sugar maple dieback in the western UP and 
neighboring states. In Ghana, they are looking at 
forest management practices for growing mahogany.

Peg Gale, former dean of the School, nominated 
Storer for the Research Award. “Professor Storer 
is an internationally recognized expert in the field 
of entomology,” she said. “His influence on the 
next generation of scientists has been huge, and his 
contribution to his profession and the science of 
insects, diseases, and invasive species deserves to be 
recognized.”

Director of Michigan Tech’s Honors Institute and 
director of graduate studies in the School, Storer is a 
two-time winner of both the University’s Graduate 
Mentor Award and the School’s Teaching Award.

 “It is an honor to be selected for the Research 
Award,” Storer said. “I thank Peg and my colleagues 
for their support and collaboration, the committee 
for selecting me, and all of the undergraduate and 
graduate students and other researchers who work in 
our group on a range of forest health issues.” n

The bug man of Michigan Tech

“His influence 
on the next 
generation of 
scientists has 
been huge . . .”
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by Dennis Walikainen

Aleksey Smirnov has been honored with a pres-
tigious National Science Foundation Faculty 
Early Career Development Award, com-

monly known as a CAREER Award. The five-year, 
$470,000 grant will underwrite his research on the 
ancient history of the Earth’s magnetic field and how 
it may have affected the planet’s geology and even 
the evolution of living things.

The Earth’s magnetic field is generated by the 
planet’s metallic inner core and has two poles that 
correspond roughly with the North and South Poles. 
The field protects the Earth and its inhabitants from 
solar radiation and high-speed particles from deep 
space, but it is highly dynamic. Its strength can vary 
dramatically, and every few hundred thousand years, 
it reverses. If that were to happen, all our compasses 
would point south.  

These changes leave indelible fingerprints in 
cooling lava, called fossil magnetism. Smirnov, an 
associate professor of geophysics, tracks down those fingerprints to better understand 
Earth’s early processes and events and how they shaped the face of the planet.

“The magnetic field has been strong enough to shield the atmosphere and bio-
sphere from solar radiation, and that impacted the evolution of life forms,” says 
Smirnov. “Our goal is to determine how effective this shielding was throughout the 
Proterozoic,” from 2.5 billion to 542 million years ago, before the proliferation of 
complex life. 

With the CAREER Award, he will be collecting data from igneous rocks in 
Western Australia, China, Brazil, Canada, Arizona, and just up the road from 
Michigan Tech, on the Keweenaw Peninsula, . 

“The study will nearly double the size of the current database on the strength 
of Earth’s magnetic field for the Proterozoic eon,” he says. “This data will provide 
insight into early Earth’s mechanisms for generating magnetic fields and will have 
important implications in how we use these magnetic field records to decipher the 
geological history of our planet.”

CAREER projects typically incorporate educational outreach. For his part, 
Smirnov is involving middle and high school teachers in his work through a summer 
research experience program at Michigan Tech. “We had the first session last 
summer, and it was very successful,” he says.  

In the long term, he hopes to expand his sampling and apply new experimental 
techniques to learn more about the early Earth in collaboration with researchers from 
other disciplines, including biologists and atmospheric scientists.

According to the NSF, the Faculty Early Career Development Awards recog-
nize junior faculty who exemplify the role of teacher-scholars through outstanding 
research, excellent education, and the integration of education and research. n

Fingerprinting the young Earth
Smirnov garners NSF CAREER Award

Aleksey Smirnov seeks 
to decipher secrets 
of the Earth’s history 
using clues left by 
ancient shifts in the 
Earth’s magnetic field.
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by Marcia Goodrich

After a catastrophic earthquake, minutes count. Dan  
Cerminaro hopes to shave hours off the time it takes to 
get help where it’s needed most.

Cerminaro, a senior majoring in civil engineering, is work-
ing to identify quake damage without setting foot in the danger 
zone, or even on the same continent.

His tools are high-resolution aerial and satellite images of the 
earthquake zone, taken before and after a temblor, plus high-
end image-processing software. It’s not unlike the programs 
that identify people’s faces on Google’s Picasa and the like, he 
says, “except it’s better, because people’s faces don’t change as 
much.”

After a bad quake, the landscape can change a great deal, 
and it’s not always easy to determine what happened where. 
To establish baseline data, Cerminaro analyzed before and 
after aerial and satellite images, like those available on Google 
Earth, of the 2010 earthquake in Haiti. 

 In addition to looking at structural damage, he tracked a 
geophysical curiosity called liquefaction.

During a quake, the water table can be squeezed upward, 
essentially liquefying the ground. Cars can sink into roadways, 
buildings can topple. A satellite image of a liquefied area looks 
smooth as a pond.

“We classified the Haiti quake images according to certain properties and then used those 
properties to classify damage after the New Zealand quake,” Cerminaro said.

He then refined the model and is working to make it even better.
“We want to make it work anywhere in the world,” he said. “After an earthquake, you could 

download pre- and post-quake images and apply the model.”
It would take only two or three hours to develop aerial maps that identify and describe dam-

aged areas. “If we can get this information to relief agencies, I think we can reduce the risk for 
rescue teams and provide faster relief to communities,” Cerminaro said.

A native of Guatemala, Cerminaro transferred to Michigan Tech from West Shore 
Community College, in Scottville, because he was intent on studying engineering, and Michigan 
Tech was the place to do that. “But I never thought I’d be able to do anything like this,” he says 
of his research experience. “It has really opened my perspective. When you are just taking classes, 
you are enclosed. When you do research, it opens up opportunities.”

Cerminaro has attended scientific conferences and meetings hosted by NASA and the 
National Science Foundation, published a paper, and applied for an NSF Fellowship to attend 
graduate school. He has also expanded his limits, courtesy of his advisor, Thomas Oommen, an 
assistant professor of geological and mining engineering and sciences.

“My advisor is excellent; he has pushed me to do stuff I didn’t want to do, and I’ve come back 
to say thank you,” says Cerminaro. “I’ve been very blessed.” n

Eyes overhead
A tool to save lives after the big one
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by Marcia Goodrich

Sure, a bad night’s sleep can make you miserable. But over 
the long haul, too little sleep can have consequences that 
go way beyond nodding off at a meeting or snapping at 

your spouse.
Studies have shown that people who don’t get enough sleep 

are up to 60 percent more likely to have hypertension, and 
women may be at a higher risk.

“We wondered why sleep-deprived women were more prone 
to develop high blood pressure,” said Huan Yang, a PhD stu-
dent in biological sciences with a focus on kinesiology. So she 
and her advisor, Jason Carter, chair of kinesiology and integra-
tive physiology, designed an experiment to find out why.

They reasoned that the sympathetic nervous system might 
be involved, since it is triggered by the body’s stress response. 
They also identified a few prime suspects linked to gender dif-
ferences: reproductive hormones, especially testosterone.

The team had thirty healthy student volunteers, fifteen  
men and fifteen women, stay up for twenty-four hours, tested 
them, and compared the results to their readings after a good 
night’s sleep. 

Both groups showed a rise in blood pressure after being up all 
night, but that’s where the similarities stopped. “We found that 
there’s a significant difference between women and men when 
you look at the sympathetic nervous system,” said Yang. 

Specifically, sleep deprivation lowered the men’s sympathetic nerve activity, while 
the women’s remained steady. This may involve gender-related differences in the 
body’s baroreflex, a natural response to high blood pressure that causes the heart rate 
to drop, Yang said. In addition, men’s testosterone levels dropped significantly, while 
women’s testosterone levels were relatively constant. (Yes, women have testosterone, 
but much less than men.)

“Men’s drop in testosterone correlated with the drop in sympathetic nerve activity,” 
Yang said. “This may explain why more women have higher blood pressure” when 
they don’t get enough sleep. In chronically sleep-deprived men, testosterone may have 
a dampening effect on the sympathetic nervous system, mitigating hypertension.

Yang is excited about this discovery—“This is really cool stuff!”—and she is equally 
proud to have addressed a lingering shortfall in medical research.

“Ours is the first study to look at the differences in sympathetic nerve activity 
between men and women in response to sleep deprivation,” she said. “If you don’t take 
sex differences into account, you may not be getting the whole story.” n

Sleeplessness
Bad for everyone, different for men and women
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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, 906-487-1938

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 Computer Systems 
Research (CCSR)
cs.mtu.edu/html/CCSRbriefs2.html
Director, Saeid Nooshabadi,  
Electrical and Computer Engineering
saeid@mtu.edu, 906-487-4336

Center for Water and Society (CWS)
www.mtcws.mtu.edu
Director, Noel Urban, Civil and 
Environmental Engineering
nurban@mtu.edu, 906-487-3640

Computational Science and 
Engineering Research Institute (CSERI)
www.cse.mtu.edu/projects.html
Director, Warren Perger,  
Electrical and Computer Engineering
wfp@mtu.edu, 906-487-2855

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

Great Lakes Research Center
greatlakes.mtu.edu
Director of Great Lakes Initiatives,  
Guy Meadows, 
Vice President for Research Office
gmeadows@mtu.edu, 906-487-1106

Lake Superior Ecosystem Research 
Center (LaSER)
www.bio.mtu.edu/research/LSERC
Director, W. Charles Kerfoot,  
Biological Sciences
wkerfoot@mtu.edu, 906-487-2791

Ecosystem Science Center (ESC)
www.mtu.edu/forest/esc
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 (ILI)
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, Mark Plichta,  
Materials Science and Engineering
mrplich@mtu.edu, 906-487-2630

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

Michigan Tech Research  
Institute (MTRI)
www.mtri.org
Codirector, Robert Shuchman, 
734-913-6860
Codirector, Nikola Subotic, 734-913-6859

Michigan Tech Transportation  
Institute (MTTI)
www.mtti.mtu.edu
Interim Director, Ralph Hodek, 
Civil and Environmental Engineering
rjhodek@mtu.edu, 906-487-2797

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

Mobile and Interconnected Microgrid 
Center (MIMC)
Director, Gordon Parker, Mechanical 
Engineering–Engineering Mechanics 
ggparker@mtu.edu, 906-487-1850

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

Pre-College Innovative Outreach 
Institute (PIOI)
Director, Steve Patchin,
shpatchi@mtu.edu, 906-487-2219

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)
www.sfi.mtu.edu/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
Director, Michael Mullins, 
Chemical Engineering
memullin@mtu.edu, 906-487-1445

Research centers  
and institutes
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sponsored activity
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Gifts 7%
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Michigan Technological University
1400 Townsend Drive
Houghton, MI 49931-1295

Tracking the travels of 
little brown bats

by Jennifer Donovan

T
hey’re tiny creatures with choc-
olate-brown hair, out-sized ears, 
and wings. They gobble mosqui-
toes and other insect pests during 

the summer and hibernate in caves and 
mines when the weather turns cold. They 
are little brown bats, and a deadly disease 
called white-nose syndrome is threatening 
their very existence. 

A novel technique using stable hydrogen 
isotopes—a kind of chemical fingerprint 
found in tissues such as hair—is enabling 
researchers at Michigan Technological Uni-
versity to determine where hibernating bats 
spend their summers. Up to now, stable 
hydrogen isotopes have been used mostly 
to track migratory birds. 

Knowing the migration patterns of the bats 
could help predict and ultimately manage 
the spread of white-nose syndrome. The 
disease hasn’t hit the bats of the Upper 
Peninsula yet, but it is wiping out entire bat 
populations in the northeastern US and 
moving west.

Learn more about bats and the scientists’ 
efforts to save them at 
www.techtube.mtu.edu/bats

Little brown bats make their summer home in 
the Caledonia Mine, near Ontonagon.




