
FALL/WINTER 2015 
quest.utk.edu

IN
S

ID
E

: 
L

E
T

’S
 T

A
L

K
 A

B
O

U
T

 I
T

 •
 A

 D
IF

F
E

R
E

N
T

 S
P

IN
 •

 L
O

O
K

IN
G

 F
O

R
 A

C
T

IO
N



14 
GETTING UNDER 
YOUR SKIN 
Glowing cells sense 
biological danger



05 

06 
 

1 2 
 

1 8 
 

20 
 

26 
 

3O 
 

34 
 
 

RECENTLY PUBLISHED 
Books by faculty

 OF NOTE 
Newsworthy 

accomplishments

 TEE TIME 
Is golf affecting the  

bottom line?

 LET’S TALK ABOUT IT 
Developing skills to  

navigate conflict

GOING UNDER 
Unlocking mysteries of the 

sleeping brain

A DIFFERENT SPIN 
Materials that  

manipulate electrons

 LOOKING FOR ACTION 
Keeping an eye on  

the little guys

FOR THE LOVE  
OF PHYSICS 
A touching experience  

at the LHC

CONTENTSJE
N

N
IE

 A
N

D
R

EW
S

08 
ON THE  
RIGHT TRACK 
Building a mobile 
radiation detector

24 
CURING 
EFFICIENCY 
DEFICIENCY 
Rethinking the  
factory floor

36 
TRANSFORMABLE 
RACE 
A historical view  
of racial identity



FALL/WINTER 20154

Congress recently approved a budget calling for 
unprecedented boosts in federal funding for medical 
research at the National Institutes of Health and nuclear 
energy research at the Department of Energy. You will 
learn about UT’s contributions to these important areas in 
this issue of Quest.

In our cover story, neuroscientists Helen A. Baghdoyan 
and Ralph Lydic search for the switches responsible for 
regulating the processes in an anesthetized brain. Success 
could mean safer new drugs and more rapid healing. 
Essential to their work is the NeuroNET Research Center,  
a collaboration between UT, Oak Ridge National 
Laboratory, and UT Medical Center that allows for 
synergistic neuroscience research among members  
and partner centers.

Five years ago, a question from UT-ORNL Governor’s Chair 
Howard Hall prompted researchers in the Department 
of Nuclear Engineering to devise a way to detect 
radioactive materials on the move. This query spurred the 
development of RadCompass, a mobile radiation detection 
unit with potential applications in nuclear cleanup, public 
safety, and locating and tracking illegal radioactive 
materials.

Also on the move is undergraduate Meg Stuart, who 
joined a team of UT and ORNL researchers in Geneva, 
Switzerland, to work with the ALICE (A Large Ion Collider 
Experiment) Detector. With the launch of UT’s Experience 
Learning initiative, more students like Stuart will benefit 
from undergraduate research opportunities that will help 
them solve complex real-world problems during their time 
at the university. 

As our faculty and students continue their current research 
pursuits and seek new paths toward discovery and 
innovation, we will continue to aid in finding resources to 
make sure everyone has the opportunity to succeed.

Taylor Eighmy 
Vice Chancellor for Research and Engagement
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BENJAMIN  
H. BARTON
Glass Half Full: 
The Decline and 
Rebirth of the 
Legal Profession 
(2015)

This book discusses 
the challenges 
facing today’s legal 
profession—including 
a smaller job market 
and fewer law school 
applicants—and 
how these struggles 
may transform the 
practice of law and 
benefit consumers. 
For example, lawyers 
may soon offset 
lower incomes by 
devoting their time 
to more fulfilling 
work and becoming 
more efficient. 
Such changes will 
help clients by 
giving them more 
choices with greater 
affordability. As “big 
law” and its focus on 
billable hours decline, 
Barton argues that 
the legal market 
will correct itself to 
become a healthier 
industry with a 
stronger reputation.

RECENTLY 
PUBLISHED

CHRISTINE 
HOLMLUND 
editor
The Ultimate 
Stallone Reader: 
Sylvester Stallone 
as Star, Icon, 
Auteur (2014)

Sylvester Stallone 
has been a defining 
part of American 
film for nearly four 
decades. He has 
made an impact on 
world entertainment 
in a surprisingly 
diverse range of 
capacities—as an 
actor, writer, producer, 
and director—all 
while maintaining a 
monolithic presence. 
Eleven original essays 
by internationally 
known scholars 
examine Stallone’s 
contributions to 
mainstream cinema, 
independent film, and 
television. This volume 
also offers innovative 
approaches to star, 
gender, and celebrity 
studies; performance 
analysis; genre 
criticism; industry  
and reception inquiry; 
and the question of 
what it means to be  
an auteur.

JON SHEFNER, 
HARRY F. DAHMS,  
ROBERT E. 
JONES &  
ASAFA JALATA 
editors
Social Justice and 
the University: 
Globalization, 
Human Rights 
and the Future of 
Democracy (2014) 

This compilation of 
interdisciplinary and 
community voices 
addresses issues 
of globalization, 
democracy, and  
human rights as well 
as the role universities 
play in promoting social 
justice. Definitions of 
social justice reflect 
beliefs, values, and 
priorities that are not 
consensually shared, 
either in modern 
societies or among 
social scientists. What 
implications result  
from efforts to advance 
social justice? These 
issues are especially 
pertinent to academic 
workers, who have been 
under the same kind of 
pressures experienced 
by the rest of society.

EDWARD 
CAUDILL & 
PAUL 
ASHDOWN
Inventing Custer: 
The Making of an 
American Legend 
(2015) 

Custer’s Last Stand 
remains one of the 
most iconic events 
in American history 
and culture. Had 
Custer prevailed 
at Little Bighorn, 
the victory would 
have been worthy 
of a few newspaper 
headlines. In defeat, 
however, Custer 
became legend. This 
book bridges the gap 
between the George 
Armstrong Custer 
who lived and the one 
we’ve immortalized. It 
explains how Custer 
became mythic—
shaped by the 
press and changing 
sentiments toward 
American Indians—
and shows the many 
ways the myth has 
evolved and will 
continue to evolve.

CHONIKA 
COLEMAN-KING
The (Re-)Making of 
a Black American: 
Tracing the 
Racial and Ethnic 
Socialization 
of Caribbean 
American Youth 
(2014)

Historically, black 
people in the 
United States have 
been treated as a 
homogeneous group 
with little regard for 
distinctions in ethnicity 
and immigrant 
status. However, the 
growing number of 
black immigrants has 
prompted increased 
interest in the 
group’s integration 
experiences. 
Grounded in the 
notion that racism 
is an inescapable 
marker of the black 
experience in the 
United States, this 
book highlights 
the contradictions 
between parental and 
school socialization 
messages and the 
struggle that ensues 
as Caribbean-
American youth are 
forcibly (re-)made into 
a specific brand of 
black Americans.
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The revelation of a digestive system  
in a 320-million-year-old animal  
sheds light on the early evolutionary  
history of starfish and related animals,  
according to a new study co-authored  
by Colin Sumrall, assistant professor 
of paleobiology at UT. Sumrall  
and colleagues from three other 
institutions analyzed the unique fossil 
specimen using high-energy X-rays at 
the Swiss Light Source in Switzerland. 
The microscopy examined the inner 
workings of the tiny fossil, revealing 
evidence of the digestive system for 
the first time. “The results highlighted 
a number of previously unknown 
differences between the fossil and  
its living relatives,” Sumrall said.  
“This has forced us to rethink our 
ideas about how the digestive  
system evolved in echinoderms.”  
The findings were published in the 
journal Biology Letters.
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A low-cost chemical 
sensor developed at 
UT in partnership 
with the Y-12 National 
Security Complex was 
selected for the 2015 
R&D100 Award as a top 
technology product in 
the marketplace. The 
invention, known as 
ChIMES (Chemical 
Identification by 
Magneto-Elastic 
Sensing), is the brainchild 
of Chemistry Professor 
Michael Sepaniak and collaborators at 
Y-12. The system uses sensors based 
on a set of target response materials 
that expand in the presence of a target. 
The expanding volume puts stress on 
materials, changing their magnetic 
properties so they can be detected 
wirelessly. The unique device is small 
and can be easily tailored to passively 
identify multiple targets at once. The 
ChIMES technology group was one 
of three UT teams among the 300 
finalists for the award dubbed the 
“Oscars of innovation.”

A study by the Howard H. Baker Jr. 
Center for Public Policy at UT indicates 
the difference between government 
fuel economy estimates and what 
consumers are reporting has increased 
for recent model year vehicles. “There 
has always been a known gap between 
the test ratings and what people get  
in the real world, which historically  
has been about 15 percent,” said David 
Greene, a senior fellow in the center’s 
Energy and Environmental Policy 
program and one of the authors of 
the report. “But our study found this 
difference has recently increased to 
about 20 percent.” The shortfall has 
been increasing since 2005. “The  
real issue is to be sure it doesn’t 
continue to grow,” Greene added.  
He suggests closely monitoring the 
gap, adapting test procedures or 
regulations if needed to better  
reflect real-world conditions.

OF 
NOTE

CHIMING IN

YOUR 
MILEAGE 
MAY VARY
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The letters of James K. Polk give insight into the politics, 
diplomacy, science, and culture of the 1840s, as well as 
a glimpse into the affairs of one of the most private men 
ever to occupy the US presidency. Scholars, students, 
and history enthusiasts can now explore two key years in 
Polk’s presidency online by accessing the Correspondence 
of James K. Polk series. The project—edited by Michael 
David Cohen, a research assistant professor of history 
at UT—is devoted to publishing the eleventh president’s 
letters, gathered from the Library of Congress and other 
repositories. “These original documents allow readers to 
go day by day through both Polk’s life and a fascinating 
period in American history,” Cohen said. The first three 
free online volumes, covering July 1845 to July 1847, are 
available at tiny.utk.edu/polk.

Crashing waves, whipping winds, or buckling ground caused 
by a natural disaster can wreak havoc on the power grid 
and quickly shut down the flow of energy. That’s why Fred 
Wang, Condra Chair of Excellence in Power Electronics at 
UT, is spearheading a novel approach to keep the lights 
on. His team is working on microgrids—systems that can 
operate independently of the overall power grid when the 
situation arises. The key concept behind a microgrid is 
distributed energy resources (DERs). Instead of relying on 
power plants many miles away, DERs would generate power 
by drawing on local solar and stored energy assets. The idea 
has drawn the attention of the US Department of Energy’s 
Advanced Research Projects Agency–Energy, which recently 
awarded Wang’s team a $2.4 million grant to develop a 
microgrid infrastructure.
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Nuclear security expert Howard Hall loads a small radiation source 
onto a toy train during a laboratory test of the mobile detection unit.
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Nuclear engineers 
turn the concept of 

a mobile radiation 
detector into reality.

BY CINDY MOFFETT

“I have an idea,” Howard Hall 
said to nuclear engineering 
graduate student Mike Willis 
in 2011. “Can you figure out 
the location of a radiation 
source if it’s moving?”

To help find the answer, Hall presented 
Willis with an unassembled toy train, 
a computer, and some radiation 
detectors. “Make it work,” he said with 
encouragement and a smile.

As UT-ORNL Governor’s Chair for Nuclear 
Security and director of UT’s Institute 
for Nuclear Security, Hall is constantly 
investigating new avenues of protection 
against malicious uses of nuclear and 
radiological materials. The ability to 
pinpoint and track the movement of a 
“dirty bomb”—a device that combines 
conventional explosives and radioactive 
material—could save hundreds or even 
thousands of lives by eliminating the 
threat before it reaches the target.

Heartily accepting the challenge, Willis  
set up the toy train with one car carrying 
a small radiation source. He placed 
a cluster of sodium iodide radiation 
detectors in the center of the track and 
started collecting data. After a good deal 
of trial-and-error research, Willis settled 
on a method known as fuzzy logic to 
interpret the information gathered by  
the detectors. Work continued over the  
next several months to scale up and refine 
the equipment.

On 
the 

Right 
Track
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“ Our hope is 
to put these 
devices in 
patrol cars 
so they can 
locate the 
source  
in a matter  
of seconds.”  
–Steve Skutnik

Left: The original prototype used four plastic scintillators 
placed in a quadrant formation to track the radiation source.
Right: A field-scale version of the RadCompass system was 
tested in parallel with the original prototype to evaluate 
performance in real-world urban environments. D
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Things started to pick up speed when 
Steve Skutnik joined the effort in 
2013, becoming principal investigator 
and primary pitchman. But, as is 
the case with many good ideas, 
funding became a barrier. “Given an 
infinite amount of money, we could 
develop the most sophisticated 
radiation detector in the world,” said 
Skutnik, assistant professor of nuclear 
engineering. “But we don’t live in a 
world of infinite resources.”

An early prototype—cobbled 
together from marine batteries, a 
desktop computer, an oversized data 
acquisition system (DAQ), forty feet 
of excess cable, and other surplus 
electronics—was about the size of an 
office credenza. Since then, Hall and 
Skutnik’s startup research funding  
has allowed the team to replace 
the DAQ with more compact and 
sophisticated electronics about half  
the size of a shoebox.

The device features four radiation 
detectors massed together like a four-
leaf clover. The detector closest to the 
source receives the greatest amount 
of radiation. The others receive lesser 
amounts depending on their nearness 
to the source.

Each detector includes a sensor that 
creates pulses of light when struck by a 
radioactive isotope. A photomultiplier 
turns the light into electrical voltage 
that indicates the specific isotope, such 
as cobalt-60 or cesium-137. A unique 
algorithm analyzes the counts from the 
DAQ in real time, allowing the source to  
be pinpointed.

Not only is the package now blessedly 
less cumbersome, its processing speed 
has significantly increased. “In our 
original system everything was post-
processed,” Willis said. “That’s the way 
a lot of systems are. You gather the 
data, then look at it later. I have been 
improving the data processing in order 
to provide live feedback to the user.”

“So now we’re reading directly off the 
electronics,” Skutnik said. “This makes 
the system robust and commercial-
ready, something with a swift response 
time.” The user sees the results as a 
compass with an arrow pointing to 
the radiation source. Whether the 
user or the radiation source moves, 
the compass arrow responds. This 
development inspired the team to the 
name the device RadCompass.

In 2014, the investigators received a 
patent for the RadCompass multiplicity 
detector. They mounted a prototype 
mobile unit in the bed of a pickup 
truck and prowled a parking lot to find 
a radiation source several car lengths 
away. This first real-world test was 
recorded and featured on Discovery 
Channel’s Daily Planet.

Then grants appeared. “The UT 
Research Foundation gave us  
$15,000 to purchase the signal 
processing electronics, which we can 
now fit into a car rooftop carrier,” 
Skutnik said. The UT Institute for 
Nuclear Security also supplied about 
$10,000 in seed money funding.

The team has been remarkably 
tenacious in their journey to create a 
low-cost mobile directional sensor that 
can pinpoint radiation sources within 
a few degrees. With a projected price 
tag of around $40,000, RadCompass 
will cost only a fraction of comparable 
systems, which can run close to 
$200,000. “Our hope is to put these 
devices in patrol cars so they can 
locate the source in a matter of 
seconds,” Skutnik said.

A program of continual testing and 
refinement has included several field 
tests on moving sources at a federally 
owned ghost town in Fort Indiantown 
Gap, Pennsylvania. The team expects 
to have a demonstration unit ready 
by early 2016. RadCompass works so 
well that Skutnik sees other potential 
applications, such as monitoring ports 
and borders for radiation smuggling. 
It could also be useful in illicit source 
detection or for nuclear accident 
cleanup. A smaller wearable device 
might even be possible.

Similar devices are under development 
elsewhere, so Skutnik and Willis feel 
pressure from competitors. Willis 
jokes that he is particularly driven by 
the need to get his PhD. What really 
motivates them, though, is being 
able to locate unsecured radiological 
materials. “It’s kind of scary to think 
that if somebody called a police station 
and said ‘I have a dirty bomb and I’m 
going to blow it up in your city,’ the city 
probably wouldn’t have the technology 
to locate it,” Willis said.

“I know this is a good idea—I know  
it will work, and it’s something that 
has practical real-world applications. 
It’s just a matter of seeing it through,” 
Skutnik added. What began with a 
question and a toy train five years ago 
may soon be providing protection from 
potential radiation catastrophes. 

The user sees the results 
as a compass with an 
arrow pointing to the 

radiation source. Whether 
the user or the radiation 

source moves, the 
compass arrow responds. 

This development 
inspired the team to 
the name the device 

RadCompass.
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The team looked at a variety of microcomputing options for 
RadCompass including this Raspberry Pi system.
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J  ames Cayne had a reputation 
for indulging in leisurely 
activities—specifically, 
playing golf and bridge.

According to a report in the Wall 
Street Journal, Cayne—who at the 
time was CEO of securities trading 
and brokerage firm Bear Stearns—
would take three-and-a-half-day 
weekends throughout the summer  
to hit the links. When he wasn’t 
swinging his nine iron, Cayne could 
often be found at competitive  
bridge tournaments.

One July afternoon in 2007, two 
Bear Stearns hedge funds began 
hemorrhaging value and were on the 
verge of collapse. Meanwhile, Cayne 
was incommunicado as he pulled up 
his chair to a bridge table in Nashville. 
Eventually, both funds folded—a 
prelude to the global financial 
meltdown just months later.

Many questioned whether those 
funds would have survived if Cayne 
had spent more time at work instead 
of out having fun. “The idea that 
delegated managers will shirk their 
duties is as old as the discipline of 
economics itself,” said Andy Puckett, 
associate professor of finance and the 
Paul and Beverly Castagna Professor 
of Investment in UT’s Haslam College 
of Business.

The trouble arises from the structure 
of an important component of 
the capital markets system—the 
corporation. In these organizations, 
the owners of the firms are separate 
from those who manage the day-to-
day operations. Unlike the business 
owners, the managers don’t have as 
much at stake if the business fails.

“As long as the owners’ and managers’ 
incentives match exactly, everything 

Measuring the economic 
effects of wedge-wielding 
chief executives. 
BY WHITNEY HEINS
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works out great,” Puckett explained. 
“But this does not represent reality. 
Reality is that when a manager is 
hired, there is risk that they won’t 
complete the task with the level of 
diligence expected.”

While this assumption has been 
around for hundreds of years, there 
has been little empirical evidence to 
support the theory. “A convincing 
way to measure the amount of leisure 
these managers consume has eluded 
economists for decades,” Puckett said. 
“Occupants of the C-suite don’t punch 
a time clock, so we don’t have their 
schedules at our fingertips.”

Determined to remedy this lack of 
data, Puckett and his colleagues Lee 
Biggerstaff and David Cicero designed 
a study using a novel measure of 
leisure consumption—the amount of 
golf chief executives play.

“We argue that time spent on the 
golf course is a reasonable proxy for 
leisure consumption, both because 
of the large number of CEOs who 
list golf as their preferred outlet for 
leisure and because golf commands a 
significant time commitment—about 
four hours to complete a round,” 
Puckett explained.

To begin the process, the team hand-
collected golfing records for 363 
CEOs from a database maintained for 
handicapping purposes by the United 
States Golf Association. The data 
included rounds, scores, and other 
details for participating golfers from 
2008 to 2012.

This treasure trove was then used 
to fuel various statistical analyses 
investigating the relationship between 
golfing and firm value, and golfing 
and CEO incentives. What they found 
is that most CEOs play “a negligible 

amount” of golf. The median is 
ten rounds a year. But there was a 
minority that played a lot of golf.

The results showed that CEOs in the 
top quartile played a minimum of 
twenty-two rounds a year, while those 
in the top decile played at least thirty-
seven. A few played over a hundred, 
and the most prolific CEO completed 
an astonishing 146 rounds.

“That much golf takes a lot of time,” 
Puckett said. “Using conservative 
estimates, the top quartile of CEO 
golfers in our sample spent the 
equivalent of twenty working days  
on the golf course.”

But what about the idea that business 
is done on the links?

The researchers discovered that CEOs 
who played twenty-two or more 
rounds of golf a year had significantly 
lower firm operating performance. 
Specifically, the return on assets for 
their companies was about 20 percent 
lower than at comparable firms.

“While some golf rounds may clearly 
serve a valid business purpose, it 
is unlikely that the amount of golf 
played by the most frequent golfers is 
necessary,” Puckett said. “Ultimately, 
the shareholders are paying a financial 
penalty when CEOs spend too much 
time on the green.”

Will CEO shirking remain par for the 
course? Perhaps not.

“Having skin in the game matters,” 
Puckett said. “The more companies 
align their managers’ interests with 
those of their principals, the more 
likely managers are to work harder.”

In fact, the researchers found that 
CEOs tend to play fewer rounds of 
golf when they have stock ownership 
in the firm and when their personal 
wealth is tied more closely to firm 
performance.

Another interesting correlation from 
the study shows that for every 1 
percent a CEO increases their golf 
time, they increase their chances of 
getting fired by 0.83 percent. On the 
other hand, CEOs who discontinue 
their heavy golf play usually see a 
turnaround in firm performance.

“CEOs who continue to shirk their 
responsibilities and hit the links—
watch out. Boards of directors 
are much more likely to tell these 
executives that they are fired,”  
Puckett warned.

Maybe leisure consumption is 
something more shareholders and 
search firms should investigate 
before hiring new executives. It just 
might prevent a candidate’s low golf 
handicap from becoming a major 
financial handicap for the company. 

“Ultimately, the shareholders 
are paying a financial  

penalty when CEOs spend too 
much time on the green.”  

—Andy Puckett

Researchers found that  
CEOs tend to play fewer 
rounds of golf when they  
have stock ownership in  
the firm and when their 

personal wealth is tied more 
closely to firm performance. 
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Getting  
Under  
Your Skin 
Cells programmed to glow provide an early 
warning system for biological conditions.
BY AMANDA WOMAC

Warm summer evenings are often 
accented with the seemingly magical 
illumination of fireflies.

While not the only species that glows, 
fireflies are perhaps the best-known 
example of bioluminescence—a 
chemical process that produces light. 
First discovered in 1885 by German 
scientist Emil du Bois-Reymond, the 
bioluminescent reaction in fireflies 
has become a key component in 
today’s biotechnology and medicine 
research.

At UT’s Center for Environmental 
Biotechnology, Tingting Xu and her 
team are refining the bioluminescent 

process and applying it to human 
cells to create a new type of 
implantable biosensor that can detect 
and treat problems inside the body. 

“The technology we’re developing 
uses bioluminescent human cells we 
have genetically modified to self-
produce light,” said Xu, a postdoctoral 
research associate in the emerging 
field of theranostic nanomedicine.

Xu’s latest endeavor has roots in  
one of her previous projects—the 
Smart Bandage, which pairs a 
bioluminescent bioreporter computer 
chip with a genetically engineered 
bacterium that emits light. The 

integrated biosensor detects the 
presence of bacteria—such as staph—
then treats the infection by releasing 
antimicrobials from the nanofiber 
webbed bandage onto the skin.

“Our Smart Bandage is for treating 
bacteria and infections,” Xu explained. 
“We’ve leveraged that technology 
in this new NSF-funded project to 
produce an implantable biosensor 
that will be used for detection and 
treatment of diseases such as cancer.” 
The new device will act much the 
same way as the Smart Bandage, but 
it will be under the skin instead of on 
the surface.
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Tingting Xu works with cells 
that have been genetically 
manipulated to introduce 
bioluminescence.
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SEE THE LIGHT 
The trick is piecing together several  
different DNA fragments from a  
bioluminescent bacterium and placing  
the entire genetic pathway into a  
human cell. “With our system, it’s all in 
one. The cells just sit there and glow,” 
Xu said.

As interesting as that sounds, most 
people probably wouldn’t want to 
have parts of their body glowing all 
the time. That’s why Xu and her team 
engineered the system to illuminate 
only when certain biological conditions 
are present. “The concept is to bring 
the camera inside the body to detect 
the signal next to where it’s going off,” 
she said.

One scenario where this capability 
could be extremely useful is for cancer 
patients in remission. After initial 
treatments, a specifically designed 
biosensor would be implanted where 
the cancer was first discovered. If 
cancerous cells return, the biological 
markers in the sensor would recognize 
the situation and cause light to appear. 
The light would then trigger a device—
such as a monitor on the patient’s 
wrist—that suggests seeing a doctor as 
soon as possible.

Many other potential applications exist 
for the technology, from monitoring 
blood glucose levels in diabetics 
to determining how chemicals and 
pollutants in water may affect human 
cells. “As long as you can find the 
genetic switch for it, you can use it for 
anything,” Xu said.

COMPLETE PACKAGE 
Designed in collaboration with the 
Department of Electrical Engineering 
and Computer Science, an electronic 
chip detects the light emitting from 
the bioluminescent cell. The challenge 
is to get the signal from the chip out 
through the tissue to the surface of the 
skin and beyond.

The team is currently running tests 
with small animals such as mice. Once 
a viable way to transmit the signal to 
the receiver is found, they will  
continue with larger animals and 
eventually humans.

The use of human cells poses yet 
another significant problem. “We 
can’t just shoot the cells in the body, 

because we don’t want them to be 
diffused and blended in,” Xu said. “We 
had to figure out how to isolate them 
from the human body and protect it.”

Xu reached out to colleagues in the 
Department of Materials Science 
and Engineering for answers. It 
turns out there were several options 
for assembling a biocompatible 
armor for the biosensor. “We chose 
collagen, which is a natural protein 
found in the body,” Xu said. After 
the bioluminescent human cells are 
merged with the electronic chip, it is 
wrapped in collagen to form a solid 
ball ready to be implanted.

Although the device is still in the 
very early stages, Xu is confident 
of its potential. “Once we add the 
therapeutic component, our biosensor 
will be able to detect, treat, and 
monitor all in one,” she said.

In the dawning era of personalized 
medicine, this technology is poised to 
play a significant role in letting us enjoy 
healthier lives—and more firefly-filled 
summer evenings. 

“The technology 
we’re developing uses 

bioluminescent human cells  
we have genetically modified 

to self-produce light.”  
—Tingting Xu

“Once we add the  
therapeutic component,  

our biosensor will be  
able to detect, treat,  

and monitor  
all in one.”

—Tingting Xu
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Maeve Lawniczak, senior in electrical engineering, 
assembles the circuit to power the chip.

JE
N

N
IE

 A
N

D
R

EW
S



FALL/WINTER 201518

 LET’S 
TALK 
ABOUT  IT
Overcoming challenges and finding the opportunities in 
interpersonal conflict. 
BY KATIE ELYCE JONES
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A bossy note taped to the   
 overflowing fridge in the office  
 break room. An irate e-mail 

fired off to a teacher who issued a bad 
grade. A series of icy stares on the 
drive home from a romantic dinner 
gone sour. Conflict never fails to  
creep into our professional, social,  
and romantic relationships.

But what sparks conflict between 
people? How do they choose to 
communicate when upset? How do 
their decisions affect the quality of their 
relationships? These are the kinds of 
questions Courtney Wright, associate 
professor of communication studies, 
explores in her research at UT.

She asserts that conflict can  
actually be a good thing for 
relationships of all kinds—when it’s 
managed constructively.

“Conflict has potential for both 
opportunity and danger,” Wright said. 
“This paradox challenges us to develop 
the skills necessary to navigate the 
dangers of conflict, minimizing and 
avoiding them where possible, while 
embracing its opportunities.” 

Wright specializes in interpersonal  
communication and conflict in close 
relationships and instructional settings. 
She is particularly interested in social 
confrontation and influence and in forms 
of communication—such as the silent 
treatment or teasing—that can be more 
destructive than intended. Through 
teaching and consulting activities, 
Wright also offers insight into managing 
conflict in the workplace, the classroom, 
and other interpersonal situations.

NOT A MIND READER 
It’s no secret that romantic 
partnerships are often laced with 
conflict. But sometimes lovers don’t 
use words to express their feelings. 
As French author Victor Hugo once 
said, “When a woman is talking to you, 
listen to what she says with her eyes.”

Wright recently co-authored a  
study with Michael Roloff of 
Northwestern University that explored 
the impact of such unspoken 
communication, particularly when 
one partner expects the other to 
understand why they’re upset without 
being told. This concept is also known 
as “mind-reading expectations.”

The study, “You Should Just Know 
Why I’m Upset,” found that people 
who have mind-reading expectations 
often put their relationships at greater 
risk because they feel even worse 
when their partner does not recognize 
why they are distressed.

“To escalate matters, the person with 
mind-reading expectations is likely 
to turn to more destructive forms 
of communication like the silent 
treatment to make their point,” Wright 
said. This cycle may lead people with 
mind-reading expectations to have 
less satisfying relationships, because 
they feel their partner lacks empathy.

Adopting direct and constructive 
communication tactics can help 
partners avoid this dysfunctional 
cycle. Wright suggests expressing 
emotions with clarity by saying, 
“When you do X, in situation Y,  
I feel Z,” and communicating with 
openness rather than inflexibility  
or defensiveness.

CONFRONTING DISAPPOINTMENT 
Another relationship very familiar 
to Wright involves the interaction 
between faculty and students. 
“I subscribe to the perspective 
of teaching as an interpersonal 
relationship,” she noted. “And a 
positive relationship helps provide a 
foundation for dealing with inevitable 
difficult dialogues in the classroom, 
such as opposing points of view, 
individual differences (e.g., race, 
gender), or civility issues.”

Perhaps one of the most common and 
challenging dialogues in this type of 
relationship—capable of creating conflict 
and bruising feelings on both sides—is 
evaluation or grades. Wright is interested 
in examining factors that influence 
whether and how students discuss 
disappointing grades with faculty. Her 
goal is to discover the best ways to 
effectively manage these and other 
difficult exchanges while maximizing the 
learning opportunities within.

“College students’ educational 
attitudes and behaviors significantly 
impact how they attempt to influence 
faculty during grade conversations,” 
Wright said. Her research found that 
students oriented toward learning use 
constructive tactics. On the other hand, 
students focused on grades tend to 

use manipulative tactics that hinder 
learning opportunities and possibly 
damage the instructor-student 
relationship.

What about students who avoid 
confrontation? “Faculty efforts to 
assist students are greatly inhibited 
when students do not talk to them 
about disappointing grades. And 
research has generally overlooked 
these unique circumstances,”  
Wright said.

In her 2013 study, “Examining 
the Silence of Academic 
Disappointment,” Wright surveyed 
college students to develop a list 
of reasons why they chose not 
to discuss disappointing grades 
with faculty. Some cited personal 
reasons that did not involve 
the instructor, such as feeling 
unprepared for the assignment or 
not considering the grade to be 
important to them.

But other reasons were based 
on how they perceived their 
relationship with the instructor. 
Students submitted responses such 
as “He [the instructor] is extremely 
intimidating” or “Because I do not 
think my instructor likes me and any 
attempt to dispute my grade would 
cause her to like me less.”

Wright believes the instructor-
student relationship treads a 
fine line between danger and 
opportunity. If a student believes 
discussing a disappointing grade 
could cause further stress to the 
relationship—potentially even 
leading to other disappointing 
grades down the line—they may 
choose to stay silent.

While it might work out temporarily, 
the long-term consequences 
of unconstructive responses to 
conflict—like avoiding difficult 
conversations, using manipulation, 
or punishing a partner with 
silence—may ultimately lead to 
missed opportunities and less 
satisfying relationships.

For more about Wright’s research, 
visit tiny.utk.edu/talk.
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Neuroscientist pair attempts 
to unlock mysteries of the 

sleeping brain.
BY WHITNEY HEINS

Anyone who has undergone an invasive surgery is 
familiar with the pre-op routine of trying to count 
backward from one hundred before slipping into 
unconsciousness. Unfortunately, many have also 
become acquainted with unwanted post-op side 
effects—headaches, nausea, and confusion—
caused by anesthetics.

Neuroscientists Helen A. Baghdoyan and 
Ralph Lydic are determined to eliminate those 
unwanted consequences. But that’s a tall order 
considering that exactly what happens to our 
anesthetized brains is pretty much still unknown.

Anesthesia has been called one of the greatest 
medical advances in the past thousand years, 
even though it has been around only since 1846. 
“Everyone who has surgery wants it, but we still 
don’t know how it makes us unconscious and 
eliminates the perception of pain,” Lydic said.

Baghdoyan and Lydic are superstar sleep 
researchers who were recruited to build a 
nationally recognized neuroscience research 
program in the UT Graduate School of Medicine’s 
Department of Anesthesiology. They are leading 
the movement to bridge the gap between sleep 
and anesthesia-related research. By investigating 
various states of consciousness—wakefulness, 
sleep, sedation, pain, and anesthesia—Baghdoyan 
and Lydic want to improve drugs and help 
everyone sleep better.

quest.utk.edu 21
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CHANGING STATES 
After an operation, most patients 
cannot recall what happened between 
counting backward and waking up. 
Although care providers tell patients 
they went to sleep, that’s not really 
accurate. “Clinicians know sleep is a 
metaphor,” Baghdoyan explained.

When we fall asleep, it takes more 
than just one switch to turn out the 
lights. Multiple regions of the brain 
are involved in making fundamental 
changes throughout the body: slowing 
the heart rate, reducing blood pressure, 
regulating temperature, and secreting 
hormones.

Under anesthesia, many of the same 
brain regions are preferentially 

By better 
understanding what 

happens in our brains 
when we sleep, the 
researchers believe 
they can accelerate 
the development of 
anesthetics without 

side effects.

involved—but not all. A sleeping  
brain and an anesthetized brain  
have similar traits but are in distinctly 
different states.

“Most of the advances in sleep 
neurobiology have occurred in the  
past sixty to seventy years,” 
Baghdoyan said. “Understanding  
the brain mechanisms that generate 
sleep remains one of the most  
exciting mysteries being addressed  
by neuroscience.”

FINDING THE MECHANISMS 
Baghdoyan and Lydic have assembled 
a team to find the switches—brain 
regions and neurochemical systems—
responsible for regulating the specific 
traits that control breathing, muscle 

tone, electrical brain activity, and levels 
of brain chemicals. But it won’t be easy.

The human brain is by far the most 
complex system on the planet. About 
half its volume is composed of a 
hundred billion neurons, each capable 
of a thousand synaptic connections. 
The other half is made up of one trillion 
to five trillion glial cells, which release 
neurotransmitters and contribute to 
brain function.

To begin sifting through all the neurons 
and glia involved in the different states 
of consciousness, the pair has enlisted 
the help of UT Chemistry Professor 
Shawn Campagna and graduate 
student Allen Bourdon. The mission 
is to measure brain fluids collected 
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“ We would like to have a drug 
that has all the desired effects: 
rapid onset and rapid offset  
so you don’t feel groggy, 
a drug that is safe, doesn’t 
depress breathing, and  
doesn’t impair immune 
function and cognition.”  
—Ralph Lydic

is safe, doesn’t depress breathing, and 
doesn’t impair immune function and 
cognition,” Lydic added.

SECRETS OF SLEEP 
Drugs that would not inhibit brain and 
physical functions but enable us to 
sleep better and therefore heal faster 
could drastically cut down on hospital 
recovery time and get patients back to 
their lives sooner.

“If you talk with anyone who has 
spent a few nights in the hospital, 
they commonly report that they can’t 
sleep through the night due to the 
many interruptions related to delivery 
of clinical care. There must be ways 
to improve conditions for sleep in the 
hospital and to promote the concept of 
sleep health as an essential component 
of medicine,” Baghdoyan said.

In fact, humans spend nearly a third 
of their lives asleep. The quality and 
amount of sleep play a direct role in 
how full, energetic, and successful the 
other two-thirds can be.

“Sleep is often the dividing line 
between being healthy and ill,” 
Baghdoyan said. “Normal sleep is 
important for maintaining immune 
function, promoting learning and 
memory, regulating mood and mental 

health, modulating pain—and it even 
influences our body weight.”

By better understanding what happens 
in our brains when we sleep, the 
researchers believe they can accelerate 
the development of anesthetics 
without side effects.

STRENGTH IN NUMBERS 
Among their many partnerships, 
Baghdoyan and Lydic belong to 
a regional group known as the 
Neuroscience Network of East 
Tennessee (NeuroNET). Based at UT 
and directed by Rebecca Prosser, 
NeuroNET fosters interactions and 
shares knowledge among individuals 
engaged in various aspects of 
neuroscience research.

These collaborations have the potential 
to change lives by developing opiates 
that are less dangerous for obese 
people, finding causal links between 
sleep disruptions and mental illnesses, 
helping those suffering from disorders 
of consciousness like autism and 
schizophrenia, and allowing everyone 
to get a good night’s rest.

“All behavior is a product of brain 
chemistry. Understanding the link 
between states of consciousness 
and brain chemistry is essential for 
developing drugs to treat disorders 
such as anxiety, depression, addiction, 
or chronic pain,” Lydic said.

It’s just going to take some time to 
figure out the humblingly complex 
brain works. One hundred … ninety-
nine … ninety-eight … ninety-seven….

For more information about NeuroNET, 
visit neuronet.utk.edu. 

from rats and mice—animals that have 
similar sleep patterns to people.

To obtain these samples, the rodents 
are anesthetized and a stainless steel 
probe is implanted into the brain 
region of interest. “The process is 
very humane,” Lydic said. “Because 
the brain has no pain receptors, 
the animals do not feel a thing. The 
permanently implanted rats and mice 
exhibit normal patterns of sleep, 
feeding, and grooming.”

The tip of the probe is covered with a 
semipermeable membrane that filters 
chemicals based on weight. A tiny 
sample of brain fluid is collected, then 
analyzed by specialized instruments in 
Campagna’s laboratory.

Previous studies indicate that 
a neurotransmitter known as 
acetylcholine plays a key role in 
regulating behavioral states such as 
sleep, anesthesia, and pain. But this is 
just the beginning.

“Before, we were only able to measure 
one chemical at a time,” Lydic said. 
“But now we can take small samples—
just a few drops—and measure 
hundreds of chemicals.” The goal is 
to develop a map of chemicals or 
“chemical cartography” of the different 
behavioral states.

A map outlining the switches that 
regulate the specific traits and 
characterize states of consciousness 
will allow drug designers to develop 
better anesthetic molecules and sleep-
enhancing drugs. “We would like to 
have a drug that has all the desired 
effects: rapid onset and rapid offset 
so you don’t feel groggy, a drug that 
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The lab features a manufacturing 
process area, dominated by an intricate 
conveyor system consisting of an outer 
loop with two possible offshoots into 
inner loops that can be configured to 
meet a client’s needs.

Several stations along the conveyor 
and around the perimeter allow student 
“workers” to assemble, box, label, and 
ship the product being simulated. 
Scanners and cameras along the 
conveyor and at the production  
stations record and time the  
methods being tested.

The monitoring room next door is 
separated from the manufacturing 

A nontraditional 
laboratory  
delivers data to 
reshape industry. 
If you ask someone what comes to  
mind when they hear the word 
laboratory, you’ll most likely get  
answers like beakers, Bunsen burners, 
and microscopes.

But what about conveyor belts, 
assembly loops, and packing machines? 
These are the most prevalent tools 
found in the unique UT research facility 
known as the Factory Floor Laboratory.

Conceived by Rapinder Sawhney and 
his colleagues in the Department of 
Industrial and Systems Engineering, the 
FFL is all about collecting and analyzing 
data. Its specialty is a type of data 
severely lacking in the modern business 
world: real-time feedback.

“Small things can make a big difference 
in the amount of time spent producing 
a product,” said Sawhney, professor 
and Heath Fellow in Business and 
Engineering. “We gather knowledge to 
help engineers design better setups for 
their businesses that can reduce costs, 
increase profits, and make everything 
more competitive.”

CURING 
EFFICIENCY 
DEFICIENCY
BY DAVID GODDARD

PHOTOGRAPHY BY B. J. CRAWFORD 
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floor by a window for additional visual 
observation. A bank of computers 
continuously crunches the various  
data streams.

LEAN ON ME 
Sawhney—a leading expert in lean 
manufacturing—decided he wanted to look 
at the process from a new perspective. 
“While most analysis of business takes into 
account a particular area of the process, 
we wanted to do something bigger in the 
hopes of finding overlooked areas,” he 
explained.

This roots-up approach blossomed from 
the idea that observing the  
whole manufacturing process from  
start to finish, as opposed to  
individual components, would provide a 
grand view not typically afforded  
to business analysis.

For example, a company making children’s 
blocks is losing money even though sales 
remain steady. Instead of disrupting their 
ongoing production by tinkering with 
different ideas to increase output, they can 
have the experts at FFL do it for them.

Not only will the lines keep rolling, but 
calling upon the lab’s deep knowledge 
base can help the company avoid changes 
that might lead to ineffective results or 
even make things worse.

Having a test floor that can be configured 
on a case-by-case basis ensures the most 
pertinent information gets into the client’s 
hands. “Every company is different and 
has different needs, so while some things 
naturally carry over from one business to 
the next, you can’t just say ‘this is how we 
do it’ and make the business try to fit,” 
Sawhney said. “You have to listen to what 
they really need and adjust accordingly.”

GET SMART 
The information gathered for each client is 
referred to as smart info—smart because of 
its relevance and because it is immediately 
available to study and implement.

The initial reports influence which tweaks 
are made. Once they are in place, an 
entirely new set of data is generated 
and analyzed. This ebb and flow is what 
sets the lab apart, and what has clients—
who can’t be named for confidentiality 
purposes—lining up for help.

“Being able to identify important data, get 
it to the client, and then make changes is 
crucial for businesses now,” Sawhney said. 
“Our style, our setup, and our data flow 
with the business.”

Studies have shown that out of all the 
data available to decision makers—in the 
business world or elsewhere—perhaps less 
than 1 percent is actually used to make 
decisions. Most of the time leaders act on 
instinct, ignoring or overlooking key data.

Sawhney doesn’t necessarily believe 
that a higher percentage of data needs 
to be considered, just as long as that 
the 1 percent is relevant. Otherwise, the 
enormous effort undertaken to collect data 
becomes wasted time that could have been 
put to better use elsewhere.

The lab’s ability to make companies more 
efficient is also expected to start paying 
dividends as a catalyst for economic 
development in the East Tennessee region. 
However, Sawhney encourages potential 
clients from outside the area as well to visit 
the lab and learn more about the science of 
saving money. 

For more information, visit  
tiny.utk.edu/ffl. 

Equipment in the Factory Floor 
Lab is customizable and scalable to 

accommodate various testing methods. 

“We gather knowledge 
to help engineers design 

better setups for their 
businesses that can  

reduce costs,  
increase profits, and  

make everything  
more competitive.”  
—Rapinder Sawhney
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Exploiting magnetic properties 
to create the next generation 

of computer chips.
BY DAVID GODDARD

FALL/WINTER 201526

In the mid-1960s, Silicon Valley pioneer Gordon Moore made a now-
famous prediction that the number of transistors incorporated in a chip 
would approximately double every twenty-four months. This maxim—
known as Moore’s Law—has been the impetus for semiconductor 
development ever since.

For nearly five decades Moore’s Law rang true, but the days of 
exponential progress may be in jeopardy. Improvements in chip 
performance are approaching a roadblock due to the properties of the 
materials involved.
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Graduate student Ling Li examines a crystal of CrNb3S6, a promising spintronic material.

quest.utk.edu 27

C
H

O
N

G
X

IA
O

 C
A

O



FALL/WINTER 201528

“By designing new 
materials and tuning 
their properties, we 

can come up with the 
kind of improvements 

people seek.” 

—David Mandrus

David Mandrus removes a crucible from a 
glowing hot furnace. High temperatures 
and controlled atmospheres are needed to 
produce new crystalline materials. JE
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“The idea is to control electrons using 
magnetic fields as well as electric 
fields,” Mandrus said. “This will lead 
to new device concepts and a new 
generation of electronic devices that 
require very little power to operate.”

Greater efficiencies are achieved 
when the spin of electrons becomes 
more uniform. Spintronics creates the 
equivalent of an interstate highway 
for data to travel on—unlike current 
materials, which are more like a 
meandering country road.

“Manipulating the spin of electrons can 
increase the amount of data flowing 
through a material while reducing the 
power needed to operate the device,” 
Mandrus said.

The tricky part is building and testing 
at a nanoscopic level. Mandrus and 
his team are developing single-layer 
materials—just a few atoms thick—that 
can be stacked on top of each other 
in any number of combinations. “Think 
of it like building a sandwich,” he 
explained. “There are limitless ways of 
putting one together, each with its own 
unique result.”

Finding the best sandwich for the job 
also requires analyzing various layer 
alignment options. Mandrus hopes to 
eventually build a “library” of single-
layer materials and how they interact 
with one another. Such a compilation 
could open the door to creating chips 
in a revolutionary way.

“It’s a fresh approach to easing the 
limitations related to modern devices,” 
Mandrus said. “By changing the way 
information is stored or utilized, you 
change the performance as well.”

A drop in the power requirement 
would obviously be great for portable 

Crystals of MnPSe3 and MnPS3 grown 
in silica tubes can be cleaved down to 

layers only three atoms thick.

David Mandrus is a leading researcher 
in the field of quantum materials who 
creates and studies new substances 
with unique properties relating to 
magnetism and conductivity. He 
says new materials like those being 
conceived in his lab could clear the 
hurdles facing current technology.

“Silicon technology has been very 
important in the advancement of 
devices, but we are getting to a point 
where their constraints are limiting new 
breakthroughs,” Mandrus explained. 
“By designing new materials and 
tuning their properties, we can come 
up with the kind of improvements 
people seek.”

That’s exactly why the Gordon and 
Betty Moore Foundation recently 
selected Mandrus to receive a $1.7 
million grant to further his research. 
As the Jerry and Kay Henry Endowed 
Professor in UT’s Department of 
Materials Science and Engineering, 
Mandrus is an expert in the emerging 
field of spintronic materials.

Processors in today’s electronic devices 
use electric fields to regulate electrons 
via their charge. But electrons also 
have a spin that makes them act 
like tiny magnets. By manipulating 
these magnets using magnetic 
fields, Mandrus hopes to create 
new spintronic materials that take 
advantage of both the charge and spin 
of electrons.

electronic gadgets, and it just might 
make the tantalizing concept of the 
“Internet of Things” a reality. Imagine 
multiple devices—not just phones 
and TVs but also washing machines, 
thermostats, and toasters—all 
connected to each other.

It could potentially lead to other 
developments like “smart” cars with 
sensors to avoid crashes, making them 
safer and more efficient than current 
technology allows.

As society continues to adapt to an all-
electronic world, it could, ironically, do 
so by consuming less power. 

Spintronics creates the 
equivalent of an interstate 

highway for data to travel on—
unlike current materials,  

which are more like a 
meandering country road.

JE
N

N
IE

 A
N

D
R

EW
S



FALL/WINTER 201530

Keeping a finger 
on society’s 
pulse as potential 
environmental threats 
loom on the horizon. 
BY AMANDA WOMAC

Love Canal became a national crisis  
in 1978 when rusting metal drums 
poked through the surface of an 
elementary school playground built 
on a former industrial dump site.  
The toxic petrochemical wastes 
eventually began leaching into  
the backyards and basements of 
homes in the neighborhood. It  
quickly became a not-so-

shining example of a community 
contaminated by a multinational 
corporation unencumbered by 
government regulations.

Sherry Cable, professor of sociology, 
is studying how corporations are 
treating the industrial communities 
they inhabit and how the 
municipalities are dealing with 
community safety and environmental 

LOOKING 
FOR 
ACTION
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health. Her current focus is on 
the oil and gas industry’s use of 
a controversial technique called 
hydraulic fracturing, or fracking.

Fracking employs an unconventional 
horizontal drilling method to extract 
previously unobtainable natural  
gas and oil from shale rock. It  
involves pumping water, chemicals, 
and sand into a well under high 

pressure to open channels in the 
rock and force out the oil or gas. 
Although it has revitalized the 
industry in the United States, fracking 
may be causing some unintended 
environmental consequences.

“With Love Canal, it took over thirty 
years for the chemicals to migrate, 
reach the population, and then for 
the population to show symptoms,” 

Cable said. She is worried the long-
term effects of fracking could result 
in a similar scenario of inadequate 
regulation at all government levels 
until somebody gets sick.

Another area of concern for Cable 
is that oil and gas companies are 
receiving exemptions from key federal 
environmental laws such as the Clean 
Water Act and the Clean Air Act. For 

Local children in Niagara Falls, New York, protest toxic 
contamination of Love Canal, as seen in the documentary 

A Fierce Green Fire: The Battle for a Living Planet. 
Photo Credit: the Buffalo Times-Courier, courtesy of the 

Butler Library at Buffalo State.
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“ Why do people 
so often accept 
contamination or just 
kind of shrug it off or 
block it out so they  
are acting against  
their own interests?”  
—Sherry Cable
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Environmental sociologist Sherry Cable studies 
the complex struggle between corporations and 
the communities they exploit.
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As an environmental sociologist, 
Cable is curious about the dynamics 
of the situation. “I wonder what 
the little guy does up against 
the corporations or government. 
Sometimes community residents 
band together and fight back, but 
most times they don’t. Why do 
people so often accept contamination 
or just kind of shrug it off or block it 
out so they are acting against their 
own interests?” Cable asked.

She believes people tend to accept 
the circumstances because powerful 
corporations are the source of jobs 
and revenues for governments of all 
levels. This is where Cable’s concept 
of trickle-down neoliberalism comes 
into play.

RISE OF THE CORPORATION 
Neoliberalism is defined as “an 
approach to economics in which 
control of economic factors is  
shifted from the public sector to  
the private sector.” The notion 
became popular in the 1980s  
under then-president Ronald Reagan. 
It gave corporations increased 
standing in the public sphere, which 
eventually led to corporate values  
like privatization, fiscal austerity,  
and free trade becoming part of  
the public discourse.

“Corporations were able to bring 
about a cultural legitimization of 
corporate values—efficiency, profit 
maximization, scientific reasoning—
all those values have become public 
ideology. The general population 
absorbed and accepted those values 
without question,” Cable said.

But what happens when the oil and 
gas industry comes to a city, small 
town, or village? Do village officials 
welcome drilling or resist it? Do 
citizens have a say about fracking 
in their communities? “If a company 

can assert its corporate values and 
influence on a state legislature, 
the effect on communities can be 
devastating,” Cable said. “This  
trickle down of neoliberalism hurts 
the communities.”

The power struggle between 
corporations and municipalities 
erupted way before the 1980s. Cable 
has traced it back to the landmark 
1819 US Supreme Court decision in 
Trustees of Dartmouth College v. 
Woodward. The court applied the 
contract clause of the US Constitution 
to private corporations, allowing 
Dartmouth College to continue as 
a private institution and limiting the 
power of the state to interfere with 
private charters.

Then, in 1886, the court used the 
Fourteenth Amendment to grant 
equal protection to corporations 
in Santa Clara County v. Southern 
Pacific Railroad Co. As ratified in 
1868, the Fourteenth Amendment 
grants citizenship to “all persons born 
or naturalized in the United States” 
and forbids states from denying 
any person “life, liberty or property 
without due process of law” or “the 
equal protection of the law.”

“They perverted the Fourteenth 
Amendment,” Cable claimed. “In 
fact, during the twenty-year period 
following that case, most of the cases 
before the Supreme Court that cited 
the Fourteenth Amendment by far 
had to do with business and not  
racial discrimination.”

As fracking spreads across the nation, 
the future of its regulation remains 
uncertain. With Congress taking a 
hands-off approach, individual states 
and communities are struggling 
to gather expertise and resources 
to deal with the onslaught. In the 
meantime, Cable will be keeping an 
eye on the little guys trying to prevent 
another environmental disaster like 
Love Canal. 

example, in 2011, Congress amended 
the 2005 Energy Policy Act to make 
fracking operations exempt from the 
Safe Drinking Water Act.

In graduate school, Cable studied 
citizen mobilization following the 
partial meltdown at Pennsylvania’s 
Three Mile Island nuclear reactor. 
“Residents pushed and made noise 
until the federal government finally 
agreed to hold public hearings on 
the accident,” Cable said. “Long story 
short, the nuclear regulatory system 
was overhauled and new regulations 
were adopted. The commercial 
nuclear power industry pretty much 
died out in the US.”

Today her research is centered about 
500 miles southwest of Love Canal, 
in her home state of Ohio—an area 
already exploited by coal mining.

THE NEW GOLD RUSH 
According to Cable, fracking on 
public land in the Ohio River Valley 
has caused what some refer to as  
“the new gold rush.” Working wells 
were built so quickly, regulation,  
by default, fell to the Ohio 
Department of Natural Resources, 
even though existing regulations 
covered only conventional mining  
and drilling techniques.

“The problem is the practice of 
fracking is way ahead of regulation, 
which varies from state to state 
because Congress said they weren’t 
touching the subject and left it up 
to the states,” Cable said. “The lack 
of a national policy on fracking 
has created a federal void in 
environmental authority over natural 
gas operations.”

As more and more fracking sites on 
public lands began dotting eastern 
Ohio, some municipalities tried to 
enact legislation to prevent, or at 
least regulate, the land grab. However, 
these efforts were dealt a serious 
blow in February 2015 when the 
Ohio Supreme Court decided the 
home rule amendment to the Ohio 
Constitution does not grant local 
governments the power to regulate 
oil and gas activities and operations 
within their city limits.

“With Love Canal,  
it took over thirty years  
for the chemicals to migrate, 
reach the population, and 
then for the population  
to show symptoms.”  
—Sherry Cable

Do village officials welcome 
drilling or resist it? Do citizens 
have a say about fracking in 
their communities?
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“It was exciting to see the 
inside of the detector—

something tangible behind  
my research.” 
—Meg Stuart

Just about every physicist on 
the planet would bend over 
backward for an opportunity 
to work at the Large Hadron 
Collider, the most complex 
experimental facility the 
world has ever known.

So how did an undergraduate former 
art major at UT become one of the 
1,700 US researchers trying to solve 
some of the greatest mysteries of the 
universe? All she had to do was ask.

A frustrating experience with art leads 
to a very different academic path.
BY ANGIE VICARS

When Meg Stuart approached her 
physics professors about the possibility 
of becoming a researcher, she was 
surprised to learn they were already 
talking about recruiting her. As a 
sophomore, she was welcomed to the 
Relativistic Heavy Ion Physics Group—a 
team of UT and Oak Ridge National 
Laboratory researchers working 
on the ALICE (A Large Ion Collider 
Experiment) Detector.

OK, so maybe it all wasn’t that easy. 
A year later, Stuart—a triple major in 
physics, honors math, and computer 

science—wrote proposals and sought 
funding to travel to Switzerland. To 
be able to lay her hands on the actual 
equipment her research was trying to 
improve was paramount.

For  
the  
Love of 
Physics
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“High-momentum particles provide 
useful data, but 99 percent of a collision 
is low-energy particles. This is why we 
are figuring out a new way to subtract 
them off,” Stuart explained.

Without question, these are some 
extraordinary accomplishments for an 
undergraduate. But what’s even more 
unusual is that Stuart found her original 
major, art, was too difficult.

“Art is something where you put all of 
your time, all of your effort, every bit of 
your passion into it, and in the end you 
still aren’t satisfied with yourself. You 
still don’t have it right,” she explained. 
“But when you finish a problem and you 
have solved everything, it’s just pretty.”

Stuart is a Chancellor’s Honors student 
who recently received Chancellor’s 
Citation Awards for Extraordinary 
Academic Achievement and 
Extraordinary Professional Promise.  
She won best presentation at the 
American Physical Society Conference 
for Undergraduate Women in Physics.

As a volunteer with the Society for 
Physics Students, Stuart enjoys teaching 
science to elementary school students 
on Saturdays, encouraging them to 
develop innovative ways to solve 
problems. “They just blow me away 
with their creativity,” she admitted. 
“They get to experience what it’s really 
like to be an engineer or scientist and  
to try things that might fail.”

Whatever the future holds in store  
for Stuart, it will undoubtedly  
involve finding solutions. “I am in love 
with physics. Art was my first love,  
but physics is my true love,” she 
revealed. Sounds like a beautiful  
and fruitful relationship. 

There were a few bumps in the road, 
but a grant from the Department of 
Physics and an undergraduate research 
fellowship eventually made Stuart’s 
journey to Geneva a reality. She wound 
up spending an entire summer at CERN, 
the European Organization for Nuclear 
Research, as a hardware expert.

But before physically working on 
ALICE’s systems, Stuart was required to 
attend training to learn how to deal with 
heights and safety in confined spaces. 
Although the heavy ion detector stands 
nearly fifty-three feet tall and weighs 

ten thousand tons, physicists and 
engineers must pass through a tiny 
entrance about two feet in diameter to 
reach its inner workings.

“It was exciting to see the inside of the 
detector—something tangible behind 
my research,” Stuart recalled.

Due to the dangers of radiation, the 
detector is accessible for maintenance 
only when the ion beam is fully shut 
down or temporarily stopped for a 
technical issue. “You don’t ever know 
when that’s going to happen, because 
it’s usually running around the clock,” 
Stuart said. “There were times when  
I was down in the detector at 2:00  
or 3:00 a.m.”

Being ready to go at a moment’s  
notice was a challenge she happily 
accepted. “I was mostly making 
improvements to the cooling system  
for ALICE’s electromagnetic calorimeter 
data processing units,” Stuart said. 
“It’s the last detector the particles hit, 
and they deposit their energy there. 
It’s where you get measurements on 
energy momentum.”

Other times she was doing little fixes 
like shoring up loose cords that were 
causing faulty data. “One time it was 
something as simple as going in and 
unplugging a cord and plugging it back 
in—little things like that,” Stuart added.

One morning as she was heading down 
to the detector, an oxygen deficiency 
hazard alarm went off. Luckily it was 
just a malfunctioning fresh air pump, 
but it gave Stuart a greater appreciation 
for all the safety training she had 
endured. “I had all my gear on, including 
an emergency breathing system oxygen 
pack and mask,” she said. “Incidents do 
happen, but they’re not very common.”

When she wasn’t ten stories 
underground making repairs, Stuart 
began designing an operating system 
and processor to handle huge masses 
of data in communication with ALICE’s 
larger network.

She also collaborated with three other 
scientists on a research paper detailing 
a more accurate method of removing 
unwanted data from a particle collision. 

“I am in love with physics.  
Art was my first love, but 
physics is my true love.”  

—Meg Stuart
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The massive ALICE Detector requires constant 
maintenance and produces huge amounts of data.
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Early American 
writers dealt with 
racial identity 
from a different 
perspective.

BY BROOKS CLARK

The president of the Seattle chapter 
of the NAACP, the nation’s oldest civil 
rights organization, made headlines 
recently when it was revealed she 
had been born to white parents. 
Ultimately she lost her job.

In her defense, Rachel Dolezal 
claimed she had started identifying as 
black at an early age. She graduated 
from historically black Howard 

University, was married to a black 
man, and taught Africana studies 
at Eastern Washington University. 
Dolezal’s argument—that her racial 
identity is genuine, although not 
based on biology or ancestry—raised 
a lot of eyebrows.

Today we tend to think of race 
as a fixed, internal, and inherited 
biophysical category. But in the 



quest.utk.edu 37

eighteenth century, race was 
commonly perceived as an exterior 
bodily trait, incrementally produced 
by environmental factors and subject 
to change.

English Professor Katy Chiles first 
noticed this view of “transformable 
race” as she read works by enslaved 
poet Phillis Wheatley and other 
eighteenth-century Americans. 

Intrigued, Chiles then delved into the 
writings of natural historians from 
that period and found evidence of 
this predominant scientific view.

For example, French naturalist 
Georges-Louis Leclerc, Comte de 
Buffon, believed in monogenesis—the 
concept that all races have a single 
origin. Since he also believed humans 
had been around for only 6,000 

years, he concluded skin color could 
change in a generation.

“For Buffon, Africa is hot, so the 
skin is darker,” Chiles recounts. 
“The northern climes are less hot, 
so the skin color is lighter.” Under 
the school of thought known as 
environmentalism, bodies were 
continuously changing and identities
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were shaped by one’s potential to 
transform from one race to another.

“Natural historians thought individuals 
could ‘improve’ themselves and 
become more white, or ‘degenerate’ 
and become more Native American 
or ‘Negro,’ but the transformation was 
considered to be real, and not only at 
a superficial level,” Chiles adds.

When she tried to find a book 
of criticism on how these views 
informed early American literature, 
she couldn’t locate one. That’s when 
Chiles realized she needed to write 
the book.

“To understand Wheatley, we have to 
look at her works in the context of the 
world she lived in,” Chiles says. In her 
book Transformable Race: Surprising 
Metamorphoses in the Literature of 
Early America, Chiles explores how 
early concepts of race inform the 
figurative language in the literature of 
the period.

ON BECOMING COLORED 
Chiles argues that the notion 
of “becoming colored” through 
environmental factors in early 
America forces us to rethink previous 
interpretations of works by Wheatley 
and Samson Occom.

A member of the Mohegan nation in 
southeastern Connecticut, Occom 

converted to Christianity during the 
Great Awakening and is recognized as 
one of the first Native Americans to 
publish works in English.

“Occom believed not only in 
transformable race but also in 
a communal equality among all 
peoples,” Chiles says.

“I am a poor Indian. I can’t help that 
God made me so; I did not make my 
self so,” wrote Occom, in contrast to a 
nativist philosophy purporting Native 
Americans, whites, and Africans were 
created separately.

“By that way of thinking, held by 
many indigenous nations,” Chiles  
says, “Native Americans should not 
take up white ways because Native 
American ways were more pleasing  
to the Great Spirit.”

On the other hand, Wheatley “views 
the process of ‘becoming colored’ as 
part of God’s plan to vary the progeny 
of a single creation,” Chiles explains. 
Only when blackness is used to justify 
slavery, for example, does it become a 
problem.

ON BECOMING INDIAN 
Chiles also cites several literary 
instances of someone transforming 
into being a Native American—not 
just “passing” as one.

In Letters from an American Farmer, 
J. Hector Saint John de Crèvecoeur 
described the ways Americans are 
changed by the new world and 
interactions with Native Americans.

John Marrant wrote of his  
experiences as a free black man 

captured by Cherokees in A Narrative 
of the Lord’s Wonderful Dealings  
with John Marrant, A Black. “He 
learned their language and his  
habits were changed,” Chiles says.  
“He transformed so much into 
a Cherokee that it rendered him 
unrecognizable to most of his family 
once he returned home.”

In the Gothic mystery Edgar Huntly; 
or, Memoirs of a Sleep-Walker, Charles 
Brockden Brown—often called 
America’s first novelist—described 
a character whose interactions with 
Native Americans on the Pennsylvania 
frontier included the rescue of a white 
girl from a native tribe.

“All three of these texts,” Chiles says, 
“reflect the natural historical idea that 
race was a condition one managed 
to sustain rather than a fixed or 
immutable bodily fact.”

Addressing the late eighteenth 
century on its own terms—not ours—
shows race is a construction and an 
idea with a history. Compared to more 
recent definitions of race as biological 
and unchangeable—often used 
to justify slavery, imperialism, and 
segregation—the earlier ideas seem 
almost benign. “Understanding that 
history will bring us and our students 
closer to understanding race in our 
own world and alleviate some of the 
horrendous affects of it,” Chiles says. 

Under the school of thought 
known as environmentalism, 

bodies were continuously 
changing and identities were 

shaped by one’s potential  
to transform from one race  

to another.

“All three of these texts,” 
Chiles says, “reflect the natural 

historical idea that race was 
a condition one managed to 
sustain rather than a fixed or 

immutable bodily fact.”



The University of Tennessee’s planetarium offers a  
unique learning experience that stirs the imagination with 
up-close views of the cosmos. Its astronomy education 
and outreach programs promote space science and allow 
students of all ages to locate deep sky objects, view 
Jupiter through the eyes of Galileo, or even predict future 
cosmic events. Great achievements happen when we 
reach for the stars. Learn more at utk.edu.

Our ideas
     reach for the stars.



“ Spin doctor” 
David Mandrus 
concocts 
electron 
manipulating 
materials. 
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