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I From The Editor 

A lot of us struggle to find the balance 

between work and play. We want to get 

A's while also going to every home football 

game (if lucky enough). We would like to 

get near perfect scores on Monday exams, 

but still find time to go out with friends on 

weekends. Some of us just don't think it 

possible, while there are fewer who are 

proof of the contrary. You can, in fact, have 

your cake and eat it too; it simply takes 

a little practice. Countless Virginia Tech 

students live this way, in a content balance, 

and they love being here. 

In research labs across campus, in various 

organizations, and ultimately as alumni , 

these individuals continually redefine the 

phrase Ut Prosim. As a voice of Virginia 

Tech Engineers, we share with you some of 

the exciting things taking place on campus 

and in the local community, and the 

immediate or future impacts resulting from 

products of this institution. Among those we 

write about, including ourselves, you will 

find energetic and focused minds that work 

hard, and play hard - it's all about balance. 

Enoch Dames 
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> Divakar Mehta 

They are everywhere. 
From the streets of California 
to the back roads of Namibia, 
you can find them in a variety 
of colors with exotic names 
such as silver stream opal and 
seafrost. Some are big, others 
small. Some are long while oth
ers are rather short. Modern life 
revolves around automobiles. 
Whether you hate cars or em
brace the culture, you probably 
own one, and you definitely see 
them everywhere. 

The automotive industry 
is forever changing. New cars 
on today's market come with a 
variety of features such as voice
activated systems that allow the 
driver to simply say a word and 
see the wipers turn on. Other 
cars are equipped with systems 
that allow the driver to check tire 
pressure with just a touch of a 
button. No extravagant features, 
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however, improve the overall 
inefficiency of the modern car. 

Among today's engines, a 
motor vehicle's internal combus
tion engine is one of the least 
efficient. Approximately 20 to 25 
percent of a car's input energy 
is converted to useful energy, 
while the rest is lost as heat. 
Therefore, a car with a 13-gal
lon tank capacity only properly 
utilizes about three gallons of 
gasoline. 

Cars are powered by con
trolled explosions which create 
mechanical work, thus leading 
to the name, internal combus
tion engine . Many scientists 
and engineers have proposed 
higher explosion temperatures 
to improve overall efficiency; 
this, however, would result in 
increased toxic exhaust emis
sions. On the other hand, low 
temperature burning, like the 
contemporary engine, is a thor-

ough process that allows the 
catalytic converter to efficiently 
combat the pollution gener
ated. 

The catalytic converter is 
a device in the engine through 
which outgoing gases pass; it 
filters pollutants before hot ex
haust is released into the atmo
sphere. Recent natural disasters 
such as the Asian Tsunami in 
December of 2004 and Hurri
cane Katrina in August of 2005, 
both which have left thousands 
dead and homeless, make it 
essential for any practicing en
gineer to remain environmen
tally conscious. These disasters 
have reemphasized the idea of 
conserving fuel and improving 
mechanical efficiency to com
bat the growing repercussions 
our actions have on the global 
climate. To combat the issues of 
emissions and efficiency, there 
are two options: replace the in-



> > > cover story 
> Electric Vehicles - The Good and the Bad 

ternal combustion engine with an electric motor, or introduce a 
hybrid solution that uses both the combustion engine and electric 
motor. 

Electric vehicles are battery operated . Requiring no 
gasoline and emitting no greenhouse gases, electric vehicles are 
an attractive alternative that go above and beyond the emissions 
standards of any country. 

However, electric cars charge via an electric socket, 
making them fairly impractical. In addition , since the battery has 
to hold enough charge to run a vehicle, they tend to be huge, 
expensive, and short-lived. High battery replacement costs make 
this option even more unattractive. Additionally, achieving high 
mileage is extremely hard in an electric vehicle. Typical electric 
vehicles cover a distance of about 100 miles before needing 
recharging . Some fairly light and small vehicles have achieved 
distances as high as 300 miles, but they are impractical for the 
daily user. An electric vehicle's performance does not appease 
the needs of a daily user because it adversely affects useful 
features such as towing capacity and horsepower. Given the 
shortcomings of an electric vehicle , the automotive industry 
developed novel ways of attacking the problem, leading to the 
development of the hybrid powertrain. 

> Hybrid Engines - Performance, Efficiency, and Cost 
Savings All in One Package 

Ever since childhood, some of us were constantly drilled 
by our parents to save electricity, water and other precious 
resources. A similar thought process struck the car designers 
of the world , which led them to an obvious question: What if we 
stop running the engine while it is being most inefficient? 

In a metropolis, most drive time is spent sitting in traffic 
and wasting gasoline. Similarly, and contrary to common belief, 
cruising on a straight highway at speeds of 65 to 70 mph 
requires very little engine effort unless traveling uphill or rapidly 
accelerating. 

The idea behind a hybrid engine is to combine a 
conventional combustion engine along with an electric motor. 
The way this combination becomes reality is through downsizing 
the combustion engine while adding an electric motor, usually 
resulting in an increased package value. The customer is able 
to achieve good mileage, save money on gasoline, and retain 
the performance of most standard cars. Unlike purely electric 
vehicles, hybrid vehicles are much more practical. The idea 
behind hybrid vehicles is to maintain their usability for towing 
needs. Similarly, the vehicle should be large enough to seat a 
family, just like any other car. 

Shape the new benchmarks in 
information technology systems 
and services for the intelligence 
and military communities, as well 
as for commercial geospatial 
needs. It's all part of how our 
innovation is impacting the bigger 
picture - on land, the seas the 
skies and in space. 

We all have it in us; the abi lity to 
shape remarkable achievements. 
The difference lies in align ing 
yourself with a company whose 
support for new thinking is 
extraordinary. The difference lies 
in joining BAE Systems. 

We offer flexible work hours, 
competitive compensation and a 
variety of incentives that al low you 
to have a work/ life balance. For 
more information and to apply 
online, please visit our Web site. 

Applicants selected may be 
subject to a security investigation 
and must meet eligibility 
requirements for access to 
classified information. EOE, 
M / F/ D/ V. 

INNOVATING FOR A SAFER WORLD 
careers.na.baesystems.com 

BAE SYSTEMS 
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The main reason behind engine inefficiency 

is size. Smaller engines such as those found in 
the Toyota Corolla will always get better mileage 
those of a Porsche Cayenne , which is the first 
SUV produced by Porsche. However, if Porsche 
were to downsize the Cayenne's engine , it could 
match the mileage achieved by the Corolla. By 
downsizing the engine, Porsche would not be 
losing any of its appeal , because the downsized 
engine in conjunction with the electric motor will 
produce more horsepower than the gasoline 
version . Therefore , a hybrid helps companies 
work on their heavier engines in such a way that 
they can achieve a well performing engine that 
delivers a lot of power, with efficiency. As Dr. Doug 
Nelson, faculty advisor for the Challenge X project 
and Hybrid Electric Vehicle Team (HEVT) and a 
faculty member of the Mechanical Engineering 
department at Virginia Tech puts it, "Hybrids 

The SAAB Engine - 2.0L 16V Turbo Charged, 
Weight: 1490Kg 

have a downsized but still reasonably sized 
engine," which allows people to look at a hybrid 
vehicle without fear of impracticality. This is the 
primary reason why research and development 
of hybrid vehicles is proceeding at such a fast 
pace, whereas the research for electric vehicles 
is slowing down until more advanced battery 
technology emerges. 

> Details of a hybrid engine 

Given that a hybrid engine combines the 
combustion engine and electric motor, how 
exactly does the technology work? As mentioned 
previously, the idea of hybridization came about as 
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The Chevrolet Equinox 

engineers noticed that bad mileage is directly 
related to idling and inefficient use . 

The main controller of a hybrid engine is 
a computer deciding when to use the engine, 
the motor, or both . Steven Boyd , a second 
year graduate student leading the Challenge 
X HEVT team of Virginia Tech says, "Deciding 
how and when a hybrid electric vehicle will 
use its engine and motors involves a lot of 
engineering . This is done by looking at what 
is best for efficiency given the demands of 
the driver." In a situation where a lot of engine 
power is not necessary, a hybrid engine simply 
switches to the electric motor, thus shutting 
down the gas guzzling combustion engine. 
Therefore, in a congested environment such as 
Los Angeles , a hybrid engine would probably 
use more electric power than the combustion 
engine unless the car requires additional effort 
to tow, accelerate suddenly, or climb a steep 
hill. 

Another extremely exciting concept 
developed along with the hybrid engine is that 
of regenerative braking . Conventionally, cars 
decelerate via heat-generating friction ; this 
has changed in some newer models of hybrid 
vehicles by regenerative braking , achieved 
by using a motor that can generate negative 
torque which is then used to charge the battery 
as compared to losing all of that to heat and 
use the stored potential to launch the vehicle 
next time," says Dr. Nelson. Ongoing hybrid 
vehicle research promises improvements, 
making the idea of owning one even more 
appealing than it is today. 
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> What about the Hokies? 

Virginia Tech is renowned for its research 
in fields ranging from super computers to 
nanotechnology. Therefore , it does not come as 
a surprise that Virginia Tech also has the HEVT. 
The HEVT came into existence in early 1994 when 
the team drafted a proposal for the 1995 Hybrid 
Electric Vehicle (HEV) Challenge. 

Dr. Nelson has been deeply involved with 
this project since it began. Serving on the faculty 
advising team of the organizers , Dr. Nelson is 
well versed with the project and helps out with a 
passion for the betterment of society. Similarly, 

The HEVT's motor along with the control sys
tem in the WARE lab on campus 

Steven Boyd became interested in the project 
while touring the Ware Lab on campus as a high 
school student. Watching students working on 
cars as a visitor appealed to Steven, which led 
him to become involved with the team as soon as 
he moved to Blacksburg. One can sneak a peek 
at the cars of tomorrow in The Ware Lab of the 
Military Building. 

The Virginia Tech team has a lot of 
experience with such vehicles, having worked 
with cars such as the Dodge Neon, Chevrolet 
Lumina , Dodge Dakota , Chevrolet Suburban , 
Ford Explorer, and the new Chevrolet Equinox. 
The Challenge X team is supported by an equally 
wide array of sponsors, major donors of the 
recent project being General Motors (GM) and 
the Department of Energy (DOE). 

The current project is a three-year initiative 
heading into its second year. Encompassing 

the first year were goal definitions and essential 
project component acquisitions. The team also 
wrote a variety of reports and presented various 
aspects of the project, earning them the fourth 
place at the most recent Challenge X competition . 
The Challenge X point system was based on a 
total of 1000 points , and the Virginia Tech team 
missed third place by only three points. 

Other than working on the aforementioned 
improvements, another goal set by the Challenge 
X team here is to reduce dependency on 
petroleum (gasoline) . As most people know, 
the majority of petroleum is supplied by the 
Middle East, and is a non-renewable resource 
depleting at a very hastened pace. The goal of 
the Challenge X team is to use a fuel type called 
E85, which is 85 percent ethanol and 15 percent 
gasoline . This is a superb goal for the team 
because ethanol is a renewable source of energy 
derived from corn. Further research in the field of 
ethanol production is essential before any such 
products become available to the mainstream 
market. Ethanol use will reduce the international 
dependency for fuel in the United States, thus 

continued from pg. 22 
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Looking To The Moon: 
NASA Prepares For A 
Mission To The Moon 
By 2018 

> Kari Adkins 

After thirty years without men or women on 
the surface of the Moon, NASA is planning to put 
humans back on our only natural satellite by 2018. 
The plans are a complete overhaul of the shuttle 
program and will require immense effort from all 
facets of science, engineering, and technology 
fields in the United States, even at the university 
level. 

The plans for a return to the Moon were 
sparked in January of 2004 when President 
George W Bush outlined his "Vision for Space 
Exploration, " detailing how America will be 
back on the Moon by 2020 and soon thereafter 
explore the surface of Mars, our closest planetary 
neighbor in the solar system. 

Bush 's vision also calls for a new "crew 
exploration vehicle," a replacement for the shuttle 
to be completed by 2014 at the latest. NASA 
officials are hoping to have the vehicle ready by 
2012, thus cutting the downtime between the 
scheduled retirement of the shuttle system and 
the new "crew exploration vehicle" down to two 
years. 

Dr. Christopher C. Kraft, a 1944 Virginia 
Tech graduate with a degree in Aeronautical 
Engineering, who was directly involved with the 
Mercury, Gemini, Apollo, and Space Shuttle 
programs compares Bush 's plan to the plans 
detailed by Mr. George Muelle r, the head of 
the manned Apollo space flight program in the 
1970s. 

Kraft was the flight director for all of the 
Mercury missions and most of the Gemini 
missions. Moreover, he was directly involved in 
the design of the Space Shuttle system, which, 
according to Kraft, "is both a complex and elegant 
Engineers· Fomm • December 2005 • 7 

system" that for its time was a "superb engineering 
achievement." 

Kraft recalled his most rewarding experience 
while working for NASA was "knowing and working 
with the best minds in the world to achieve the 
goals accomplished in my tenure at NASA. It was 
a wonderful experience to work with people whose 
sole objective was to accomplish what we set out 

Dr. Christopher Kraft, right, poses in front of a mural 
at Johnson Space Center on June 14, 1979. photo 
courtesy of NASA. 

to do," he said. 
After President Bush 's press conference 

almost two years ago, little could be seen from 
the outside as to what has been going on at 
NA SA concerning Bush 's "Vision for Space 
Exploration" aside from the facts that the Mars 
Exploration Rovers were performing superiorly, 
still collecting data today after almost two years, 
and that the shuttle fleet was finally back off the 
ground after the grounding in January 2003 as a 
result of the Columbia accident. Then Griffin and 
his colleagues released the plans for a return by 
2018 to the Moon. 

The plans call for two launch vehicles. One 
veh icle, equipped with two long solid rocket 
boosters and five shuttle main engines, will launch 
up the lunar rover and other cargo for missions, 
including materials for the International Space 
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Station and future missions to Mars. A second, 
single rocket booster will lift the crew vehicle into 
orbit, where the "crew exploration vehicle " will 
dock with the lunar rover, much like in the Apollo 
missions and then start its journey to the Moon. 

The crew exploration vehicle is also very 
Apollo-like, and according to Griffin is an "Apollo 
on steroids." The capsule can carry up to six 
people to the lunar surface and is much safer than 
the existing shuttle system. According to NASA 
scientists, the system's failure rate is much lower 
than that of the existing shuttle system. NASA 
projects a failure rate of one in two thousand, as 
compared to one in two hundred and twenty on 
the shuttle system. Much of the added safety can 
be attributed to the fact that the vehicle cannot be 
hit by debris from the solid rocket boosters or any 
other part of the launch vehicle. 

Revolutionary in design, the crew exploration 
vehicle will be equipped with solar panels 
supporting both the crew and ship en route to 
the moon, and hopefully one day, to the Martian 
surface. Moreover, the lunar vehicle is entering 
the twenty-first century with methane-powered 
engines, enabling its descent to the Moon's surface 
using hydrogen power, which, according to Griffin, 
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is "the most 
efficient power 
combination 
we [the United 
States] have. " 

The missions 
will be much 
longer and 
versatile than the 
Apollo missions. 
Rather than 
being limited to 
an equatorial 
landing site , 
the rover will 
be capable 
of landing 
anywhere 
on the lunar 
surface. More 
importantly, the 
missions will 
last up to seven 
days initially and 

eventually they could extend up to six months at 
a time depending on many variables, including 
resources available on the lunar surface. 

A major selling point for the "crew exploration 
vehicle" is that it is a reusable version of the Apollo 
capsule. This new vehicle can be used up to ten 
~imes and in contrast to the Apollo craft's landing 
m the Pacific Ocean, will land in the deserts of 
the West Coast using an advanced system of 
parachutes and airbags to protect the astronauts 
upon reentry. 

Thi~ is not to say that the Space Shuttle 
program in itself was not revolutionary or that it 
did not do tremendous things to further space 
exploration in the United States in its past twenty 
five years of use. "History will prove that the 
Space Shuttle is a tremendous accomplishment 
and that if properly managed and improved could 
be the finest space transportation system in the 
world for at least the next 50 years," said Kraft. 

Now, for these plans to become a reality there 
is much that needs to be done in the United States 
to prepare for a mission of this magnitude. 

"The preparation to return to the moon and 
eventually go to Mars is a tremendous challenge 
to those involved both technically and financially 
It will occupy the minds of the engineers and 
scientists to such an extent that one need not 
worry about the gaps in taking the next steps," 
said Kraft. 

With President John F Kennedy's famous 
speech detailing a lunar mission by the end of 
the decade, a mission which he would not see 
because of his assassination, the space race 
took off, ultimately resulting in a very successful 
landing of the Apollo 11 Eagle lunar rover in the 
Sea of Tranquility in July of 1969, just months 
before Kennedy's bold challenge for the United 
States was set to expire. "The state of knowledge 
and technology at the time of Kennedy's proposal 
was at a point in time when the challenges of 
space flight had a profound effect on the state 
of the art. In other words, in the 60's, the space 
program became a-r/Tlotiv-atkmal driver in almGst 
every field of science and technology The results 
changed the world as we knew it," said Kraft. 
Who knows what technological advances will 
change our world as a result of the successes in 
the development and execution of the missions 
to the "Moon, Mars, and Beyond. " 
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For the program to be successful in the United 
States today there needs to be a similar mindset 
when compared to the 1960s, thus sparking 
enthusiasm for the program early on. "Americans 
will recognize the urgent need to maintain the 
progress in science and technology, " said Kraft. 

In addition he added , "It is our destiny to help 
uncover the secrets of the universe and venture 
into the space environment. The US citizen needs 
only to look back and see how the investment in 
space technology has affected their everyday 
lives to realize how important it is to maintain the 
progress in space exploration. As an example, 
the communication satellite has revolutionized 

NASA's new crew exploration vehicle in lunar orbit 

the world. It is the most vivid example." 
Every field has benefited from the space 

program's achievements in the United States, most 
specifically in the fields of science, engineering, 
and technology "and it will continue to do so," 
said Kraft. 

Moreover, and quite possibly more importantly, 
there needs to be a surge in the science, 
engineering and technology fields in the United 
States in order to handle the amount of technology 
and influx of engineering problems that will surely 
be associated with a mission of this magnitude. 

During the Apollo era many colleges and 
universities were involved with the design 
and implementation of the Mercury, Gemini, 
and Apollo programs, including Virginia Tech, 
whom, according to Kraft, "was well represented 
both by the engineers who participated in the 
space program and the basic engineering and 
science support that took place in almost all of 
academia." 
Engineers· Fornm • December 2005 • 9 

On the University level , one can foresee many 
facets that colleges and universities, including 
Virginia Tech might become involved. Universities 
were involved with the missions of the 1960s, 
helping to overcome the many technological 
issues that faced the engineers of that time period, 
and should be involved in the future missions as 
well. 

All engineering majors are needed to bring 
NASA's systems into the new millennium as it 
relates to this new mission to the Moon. Students 
who will be graduating in the next five to ten 
years have the opportunity to become directly 
involved with this mission, whether it be through 

The Discovery 

governmental programs, in the private sector 
designing components of the individual pieces of 
machinery, technology, or even on the university 
level developing theories and testing components 
of systems for the new "crew exploration vehicle. " 
Faculty and students alike have a unique 
opportunity to make history, per say, and help 
bring the American space program into the twenty
first century. 

To become involved in the next generation of 
space exploration the United States, Kraft offers 
this advice: "anyone interested in engineering and 
science has always been-become an expert in 
some aspect of the field you have an interest in. 
This attribute will lead to a tremendous number of 
opportunities to contribute to its success and bring 
about the most gratifying experiences in life." 

Kraft also said that "there is, in my opinion, 
no easy way in our business. It takes a lot of 
hard work and dedication and the end result [the 
success of the mission] is extremely rewarding. " 
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At Virginia Tech specifically, Kraft foresees 

great things from the faculty and students at 
this university. "[This university] will certainly 
be involved in the forefront of every aspect of 
the nation 's programs to advance the state of 
the art [space exploration] . It is one of the finest 
educational institutes in the world , so many 
leaders of tomorrow's challenges will come from 
the halls of Blacksburg ," he said . 

Having been involved in all aspects of the 
space program 's development in the Un ited 
States, Kraft said that "it was indeed a privilege" 
and that he "can think of no other task that I would 
have preferred in a life time of challenges ." 

Moreover, he hopes that as "long as I can 
breathe and still think I will be involved in whatever 
the nation decides to do in space. The passion 
one develops in the exploration and util ization of 
space flight is inescapable and incurable." 

On the eve of the next era of space exploration 
in the United States, there are many details for 
NASA to contemplate before the return to the 
Moon in 2018, and there are many opportunities 

continued on pg. 21 
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Undergraduate Research 
Provides VT Students With 
a Product for Some Unique 

Opportunities 
> Sarah Lewis 

What do you get when you cross a 
professor, some graduate and undergraduate 
students , and the Virginia Tech English and 
Materials Science and Engineering Departments? 
No, this isn 't the set up for another groaner; 
it's the recipe for the newest opportunity for 
undergraduate students working on research in 
materials science. Now, not only can engineering 
students write about their experiences and 
discoveries in The Engineers' Forum to spread 
their ideas , accompl ishments , and projects, 
but they can also submit a full research article 
of their work to the Journal of Undergraduate 
Materials Research to be available to the rest of 
the scientific communitv. 

journal of Undergraduate Materials Research edito
ria l board 

The creation of the journal realizes 
Alfred Knobler 's, an alumnus of Virginia Tech 
MSE, vision of cooperation and communication 
between the English and Materials Science and 
Engineering departments as well as both graduate 
and undergraduate students. This innovative 
concept provides a new opportunity for exposing 
and publicizing a usually unacknowledged 
sector within materials research , undergraduate 
research . 

Last year, Ph .D. candidate and JUMR 
editor- in-chief Ben Poquette , took on the 
responsibility of bringing the idea of a new 
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research journal for undergraduate research, first 
proposed by Diane Folz and Dr. David Clark, from 
concept to reality. In an interview for The Knobler 
Review, Ben remarked that, "There aren't many 
formats for undergrads to publ ish to. " He also 
reflected that, "Graduate students are gaining 
valuable experience ; the cooperation with the 
~nglish department should serve to build a strong 
interdepartmental relationship while improving the 
quality and professionalism of the journal. " 

To plan and create the innovative journal , 
twelve students and faculty members dedicated 
hundreds of hours to the first production. Graduate 
students, Davis Eichelberger, Susan Holt, and 
Navin Manjooran , and undergraduate students 
Steven Kyriakides, Sarah Lewis, and Seth Price, 
from both the MSE and English departments, 
form the student editorial board along with Ben 
Poquette the editor-in-chief. Six faculty members 
including, English Professor, Eva Brumberger, and 
MSE professors, Christine Burgoyne, Diane Folz, 
Stephen Kampe, Marie Paretti, and Gary Pickrell 
form the faculty editorial board . Working together, 
the two boards shared ideas and expertise to 
achieve a publication of the highest quality. 

With both student and faculty editorial 
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boards, the production of this new journal is as 
innovative as the result. The editorial boards 
consist of both faculty and students, graduate 
and undergraduate students, and represents both 
the English and Materials Science Departments. 
Not only does it "[bridge] arts and engineering" 
as Alfred Knobler envisioned, but it also brings 
graduate students, undergraduate students, and 
faculty together for a common project. 

To help with the layout, Ben petitioned 
English professor, Dr. Eva Brumberger for 
help. As a result , Dr. Brumberger's spring 2005 
"Designing Documents for Print" (ENGL 3824) 
class took on the task of designing the layout 
as a service project. At the end of the semester, 
students received the opportunity to interview to 
join the student editorial board and turn the layout 
concept created in class into the final journal. 

The JUMR student editorial board defined 
their primary goals for the inaugural issue of 
JUMR as , "[the student board] hope[s] that 
this annual publication will provide a venue for 
undergraduates to showcase their research , 
improve their technical writing skills , and be 
exposed to the rigors of peer-reviewed publishing. 
We hope that this periodical will be a strong voice 
of the research achievements of undergraduates 
in the field of MSE." 

On Tuesday, October 13, 2005 the staff of 
the Journal of Undergraduate Materials Research 
(JUMR), a journal created for undergraduate 
student research in Materials Science and 
Engineering, unveiled the Alfred Knobler Inaugural 
edition of this new research journal to the 
Virginia Tech Materials Science and Engineering 
Advisory Board with 
responses of great 
enthusiasm. 

The inaugural 
edition of JUMR 
emphasizes the 
journal's connection 
to the Virginia Tech 
MSE department, but 
inclusion of papers 
in future issues will 
not be limited to just 
either Virginia Tech or 
the Materials Science 
and Engineering 

Department. The call for papers advertised in the 
inaugural issue only specifies, "a self-contained 
abstract, consisting of no more than 200 words 
[that] outline the aims, scope, and conclusions 
of your work .... [from]Ean undergraduate at any 
institution and working on a materials research
related projectEBased on these abstracts, authors 
will be selected to provide a 2-5 page manuscript 
to be reviewed for publication ." Abstracts are due 
by February 17, 2006 to: 

JUMR 
213 Holden Hall 

Virginia Tech 
Blacksburg, VA 24061 

Or 
jumr@mse.vt.edu 

http://www.jumr.mse.vt.edu 

Now, besides being able to write about your 
project , interests , and experiences in the 
Engineers' Forum, you can also submit a full 
research paper of your research as well to JUMR. 
Together, it is a great way to kick-start your career, 
whether it is in academia or corporate America. 

Not to leave out those of our readers who do 
not work on materials-oriented research , the 
Engineers' Forum is hosting a research paper 
contest for the April 2006 issue. The paper can be 
about any research topic from lab work or a senior 
design project (or any other instance). Email your 
entry, including separate jpg format pictures, to the 
forum email account at forum@vt.edu by March 
15, 2005, and we will vote for first - third prizes 

as well as honorable 
mentions. 

Each winning paper will 
receive a cash prize of 
$25 and will be included 
in a special edition issue 
of the Engineers' Forum 
to be printed at the end 
of April 2006. For more 
information, contact the 
Engineers ' Forum at 
forum@vt.edu . 
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An Interview with Engineering 
Science and Mechanics Head Dr. 

lshwar Puri 
> Enoch Dames 

For most of us, the phrase Engineering 
Science and Mechanics (ESM) brings a bad 
taste to the mouth and memories of Statics 
and Dynamics. Although few students are ESM 
majors, the faculty are large in number, and 
their involvement within the research community 
is respectable . Developments in the fields of 
composites and fluids have long been nationally 
recognized . Under new aegis, additional focuses 
within the department are extending their grasp 
on ground-breaking research. 

After a several year search for a new 
ESM head, Dr. lshwar Puri was hired to take 
responsibility in 2004. Being an ESM student 
myself, I remember receiving emails concerning 
his vision to bring new areas of focus to the 
department and to further strengthen its reputation. 
In this interview, Dr. Puri kindly discusses his 
developing involvement within the University, 
newly guided accomplishments thus far, and 
visions for the future. 

When speaking with Dr. Puri in person, 
one first gets the impression that this jovial spirit 
is an old friend. The immediate comfort one feels 
in his prescence is always accompanied with a 
shared laugh or two. I'm sure some people have 
even forgotten they've entered his office to talk 
science. After a few minutes though, when things 
settle down, one begins to understand why his 
ambitions are high and within grasp. Rather than 

introducing him with a list of achievments, awards, 
and publications, a method all too familiar to 
academia, let us dive into the conversation. 

>Dr. Puri, I understand you entered with the 
goal of introducing a new laboratory to the 
ESM department, two of your focuses being 
hydrogen storage within carbon nanotubes 
and nanomagnetic drug delivery. How has the 
department progressed in this respect? 

Establishing the laboratory has progressed 
very well. It extends ESM research to the small 
scales, i.e., micro, meso, and nano. The hydrogen 
storage problem has taken on an interesting 
computational science aspect through molecular 
mechanics simulations. These are conducted at 
the molecular scales that are well below the length 
and timescales at which continuum mechanics 
holds. We have shown that carbon nanotubes 
are hydrophobic, which is the first corroboration of 
experimental observations. We have also shown 
strategies whereby we can use electrostatic fields 
to encapsulate ions and protons (i.e., hydrogen 
without an electron) into carbon nanotubes. 
This has interesting consequences not only for 
hydrogen storage, but for water purification and 
even drug delivery. 

Our experiments on the mechanics of the 
self-assembly, drug targeting, and self-organization 
of magnetic nano- and microparticles have 
produced very interesting results. For instance, 
we have developed a lab-in-a-droplet concept 
that is an analog to the now well-established lab
on-a-chip technique. For this, we self-organized 
magnetic microbeads that were contained in a 
small 500 micron picoliter size droplet into rotors. 
These rotors were spun to form micromotors 
that enhances mixing at the microscale, which 

is always a challenge. Moreover, 
For all your business needs call 

CS Business Systems, Inc. ~Nutrena 
the magnetic particles can be 
functionalized to preferentially 
bond with a variety of chemical 
and biological species that might 
be present in the picoliter sample. 
This is potentially a very useful 
technology for chemical and 
bioanalysis, e.g., of pathogens, 
DNA or other biochemical 

!.t 
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to work with very bright young researchers , 
postdoctoral scientists , and graduate and 
undergraduate students. I have also been able 
to establish research collaborations with some 
eminent professors at Virgin ia Tech. So, my first 
year here has been very interesting and a lot of 
fun! 

>The large picture in your office (shown to the 
right) looks like it should be valued as both a 
beautiful work of art and an image of scientific 
significance. What exactly are we looking at? 

I am glad that you noticed it! That image 
was a finalist in the annual visualization program 
run by the National Science Foundation and 
Science, which is an eminent journal. It shows 
the self-assembly of magnetic nanopartic/es into 
interesting forms. It is a picture of a ferrofluid 
floating on water, which is illuminated against 
a white background placed underneath it. It 
illustrates the possibility of using magnetically
guided assembly of ferrous nanoparticles (that 
are contained within the magnetic fluid) to form 
coherent structures. These structures could be 
used to create "bottom-up" assemblies of more 
complex structures and devices to avoid waste 
during manufacturing or to self heal materials that 
are damaged. Since it resembles an artistically 
formed necklace, we named it "El Collar def 
Hierro: The Ferro-necklace ". 

>ESM is a discipline whose expertise can be 
applied to almost any field; have you created 
new collaborations with other departments or 
governmental institutions? 

You are quite right to point out the 
advantages of an ESM degree. We have ESM 
graduates working in the aerospace, biomedical , 

civil , energy, environmental , materials, mechanical , 
ocean , and even electrical and computer science 
industries among others. As you know, our small 
size provides a deep sense of commitment and 

• 
• • • ........ . .. ;• 

"El Collar de/ Hierro: The Ferro-necklace" 

community. ESM is a very special department. It 
is truly one of the jewels in the crown of Virginia 
Tech . 

Our vision of ESM is that it is the glue 
between disciplines in engineering and the 
sciences. This shows in our curriculum. ESM 
is the first department at Virginia Tech to offer 
a certificate in computational science and 
engineering at the graduate level. We are forming 
dual degree undergraduate programs with a 
variety of engineering departments. There is a 
similar discussion with physics. So, in future , you 
will see ESM as a strong program sitting at the 
nexus of interdisciplinary collaborations. The US 
National Academy of Engineering has proposed 
such a model for the "Engineer of 2020", and 
the strategic plan of our College has this as an 
ob·ective . We are well ahead of the curve in ESM 

--~~~~~~~~~~~~~~~~~~--.......................... 
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and "are there" in many ways already 
in this context. The department has 
appointed several affiliate faculty 
members from many engineering 
departments, our faculty participate 
in research centers across campus, 
we have a special relationship 
with NASA, some of the defense 
laboratories, and Oak Ridge National 
Laboratory. 
I haven ' t touched upon the 
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international partnerships that we have initiated. In 
the interest of time, suffice it to say that there are 
very many opportunities now for ESM students to 
spend a summer or semester in Europe to enrich 
both their technical and cultural experiences. 

>Please tell me what's it like to work with the 
many distinguished ESM faculty - how has your 
relationship with them developed? 

Great departments have superb faculties 
and ESM is no exception. Our faculty members 
are stars. When they write papers people notice. 
For instance our current faculty have been cited 
in other researchers' papers over 11 ,000 times. 
Imagine how many people around the world 
read these articles and see the name of an ESM 
professor over and over again. They have written 
seventy books that have been translated into 

Self organization of magnetic microspheres in a 
500 micron diameter droplet into anisotropic chains 
(top view). The microspheres contain magnetic 
nanoparticles that are covered with silica foam to 
produce a 1 micron magnetic particle. 

many different languages around the world . Over 
half of our faculty members are Fellows of different 
professional societies, which is a high honor, and 
very many are editors of scholarly journals. We 
have some of the best teachers in the College as 
evidenced by the various awards that they have 
received. 

Being steward of ESM has been relatively 
straightforward. This is a department that 
recognizes its special role and the need to stay 
ahead of the curve. We have a shared belief in the 
need for very high quality in research , education 
and service to our professional communities. So, 
the rest, being department head , comes very 
easily. I have my dream job. 
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>How do you feel the ESM department has 
improved since you've become the department 
head? 

I think that self-improvement comes 
naturally to a department such as ESM due to its 
very special nature. We have a very motivated 
faculty, staff and students. Therefore , I can't 
honestly differentiate what would otherwise have 
occurred from what I have instituted. What I can 
say is that much has happened, all of it for the 
better. I recently asked my faculty to evaluate what 
had transpired and many said that ours is now a 
better department than it was a year ago. 

Our hallmark is to expand opportunity and 
experience. To do so, we have instituted quite 
a few Fellow programs in ESM. The Graduate 
Fellow Program is for senior doctoral students 
who are interested in becoming professors. We 
honor them and provide these special students 
with the opportunity to be effectively mentored and 
to teach. The Performance Associates Faculty 
Fellow (PAFF) Program was made possible 
through a generous gift from benefactors Pat 
(ESM '72) and Nancy Artis. These Fellows are 
appointed for a semester and provided support 
to develop a new interdisciplinary research 
program that anticipates emerging technologies. 
The motivation of the program is for ESM faculty 
to sustain innovation and bridge their research 
towards emerging technologies. We have 
established a Book Fellow Program to enable 
faculty members to develop and write a book for 
research or teaching. Through our Visiting Fellow 
Program prominent scientists can visit Virginia 
Tech over the summer to participate in technical 
discussions with faculty in the department. You 
already know about the eminent college-wide 
seminar series "Engineering Innovations in the 
21st Century" that we helped established (again 
through the generosity of Pat and Nancy Artis). 
Our 2005 speaker was Commander Brian Binnie 
of Scaled Composites who piloted SpaceshipOne 
to win the Ansari X Prize. He spoke to 1600 people 
in Burruss Hall to one of the largest audiences for 
a technical seminar at Virginia Tech. Our 2006 
speaker will be Elon Musk (who founded Zip2 
and was co-founder of PayPal) of SpaceX. He will 
speak on developing a family of launch vehicles 
to reduce the cost of access to space by a factor 
of ten . 
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In ESM we anticipate the future. Therefore, 
even before the College and University embarked 
on their strategic plan, we established strategic 
thinking and planning committees to chart our 
future . We must be doing something right. 
Our doctoral student enrollment is up as is our 
undergraduate enrollment. It is quite possible 
that our research portfol io will also increase 
significantly over the next few years. So stay 
tuned! 

>How do you envision the ESM department five 
years from now? 

In five years we should have trained our 
students to become leaders in technology and 
policy. By 2010, we should have produced what 
others call the "Engineer of 2020". We should be 
recognized as 'the place" that does mechanics 
at the nano, meso, micro, and macroscales, i.e., 
within the continuum and below it. 

Our vision is for ESM to be a preeminent 
department, which is the glue that holds the 
interactions between the sciences and engineering 
in place. The pillars of ESM are its expertise in 
solid mechanics, fluid mechanics and dynamics. 
We have historically used these pillars to support 
important new initiatives . Our department 
provided the seed for the bioengineering program 
at Virginia Tech and were pleased to spin it off to 
other departments. We established one of the 
preeminent composite materials programs in the 
world. We have significant expertise in nonlinear 
dynamics and nondestructive evaluation. We 
will continue to lead in emerging areas in the 
future. For instance, we have taken the initiative 
to establish a strong program in computational 
science and engineering. We are again a growing 
program and anticipate many new faculty hires 

during this and future years. 

Here are some of the undergraduate ESM 
courses an udergraduate will take in the course 
of four years: 

ESM 2104 (Statics) 
ESM 2204 (Mechanics of Def. Bodies) 
ESM 2304 (Dynamics) 
ESM 2074 (Comp. Methods) 
ESM 3015 (Fluid Mech. I) 
ESM 3054 (Behavior of Materials) 
ESM 3124 (Inter. Dynamics) 
ESM 4004 (Inst. & Exp. Mechanics) 
ESM 3016 (Fluid Mechanics II) 
ESM 3154 (Solid Mechanics) 
ESM 4074 (Vib. & Control) 
ESM 4015 (Creative Design & Project I) 
ESM 4014 (Applied Fluid Mechanics) 
ESM 4016 (Creative Design & Project 11) 
ESM 4734 (Finite Elements) 

Some of the suggested Technical 
Electives: 

ESM 4024 (Advanced Mechanical Behavior 
of Materials) 
ESM 4044 (Mechanics of Composite Materials) 
ESM 4084 (Engineering Design Optimization) 
ESM 4105-4106 (Engineering Analysis of 
Physiologic Systems) 
ESM 4114 (Nonlinear Dynamics) 
ESM 4154 (Nondestructive Evaluation of 
Materials) 
ESM 4184 (Design and Optimization of 
Composite Structures) 
ESM 4204 (Musculoskeletal Biomechanics 
and Biologic Control) 

WELLCO ENTERPRISES, INC 
ESM 4444 (Stability of Structures) 
ESM 4524 (Introduction to Wave 
Motion) 
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FACTORY DIRECT PRICING 
FRED WEBB, JR. VP CLASS OF '82 

WWW.WELLCO.COM 800-840-3155 
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ESM 4574 (Biomaterials) 
ESM 5405-5406 (Clinical Internship 
in 
Biomedical Engineering) 

>Although some of the lower level 
ESM courses are taught to very large 
crowds of students, there are many 
less undergraduate ESM students 
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compared to those in departments such as ME 
and EE. Why is this, and do you wish that more 
students would turn to ESM as their choice of 
major? 

You are quite right. To become an ESM 
major one has to be open minded. I face few 
frustrations, but one is to continually to have to 
defend the importance and worth of the ESM 
degree. It is in fact a tremendous asset! Imagine 
a degree that makes you suitable not for one but 
a myriad of fields , that is interdisciplinary, and 
which makes you very suitable for much higher 
level work or a graduate education . That is what 
the ESM degree is. If there were to be an ultimate 
litmus test, I would not hesitate to recommend the 
ESM program to my very own children . I hope that 
this provides adequate testimony regarding how 
much I value the ESM program. 
I do wish that more students would turn to ESM. 
This is a degree program that the future demands; 
this is what employers emphasize, i.e., someone 
who can solve myriad problems; this is what the 
prestigious National Academy of Engineering 
wants. I will very much appreciate your advocacy 
and word of mouth on our behalf. 

>Many students simply don 't like the idea of 
taking ESM courses, for one reason or another. 
Do classes like Statics and Dynamics simply tum 
potential ESM students off? 

Well , yes and no. These are rigorous 
classes. Unfortunately, economic pressures 
have increased class sizes, which leads to many 
frustrations. For instance some ESM sections 
have more than 150 students. This large size 
does not provide the best interaction between 
professors and students. We have reluctantly 
gone to larger and larger sections because our 
hands are tied , since we have faced successive 
budget cuts. It will be helpful if our students 
and alumni are vocal in demanding that smaller 
sections come back so that lost resources can 
be returned to the college and university. Not 
only in ESM, but across the institution, we would 
very much like to reduce this burden on both 
our students and professors. In the meantime, I 
can assure you that we have assigned our best 
teachers to supervise these courses. 

I would ask students who are interested 
continued on pg. 21 
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Metal Rubber™ - Leading the 
Nanotechnology Craze 

> Andew Goad 

Imagine a world with buildings easily 
capable of withstanding natural forces from 
earthquakes and hurricanes. Nanotechnology will 
provide the stronger architectural foundations. 
Imagine a world that can supply even the most 
desolate and deserted places on earth with 
efficient electricity. Carbon nanotubes will be 
able to supply the most rural areas in Africa 
with electricity. Imagine a world without cancer 
- nanotechnology could provide the answer. The 
possibilities accompanying this new field are 
endless. As engineers pursue nanotechnology, 
imagination will be their only barrier. 

In 1959 one of the most respected scientists 
of the century, Dr. Richard Feynman, argued , 
"The principles of physics, as far as I can see, do 
not speak against the possibility of maneuvering 
things atom by atom." What Dr. Feynman was 

RICHARD FEYNMAN 
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referring to , of course , 
was nanotechnology. 
In short , his words 
sparked a technological 
revolution . To help prove 
his point, Dr. Feynman 
explained a product that 
he had recently seen 
on the market. This 
product allowed one to 
write small typed text on 

degrade. We can heat it 
up to about 700 degrees 
Fahrenheit. It won 't burn. 
We can drop it down 
to aboutE mi nus 167 
degrees Fahrenheit, and 
it maintains its properties." 
Metal Rubber™ is not an 
entirely new idea though ; 
it just makes use of new 
techno logy to improve 

A carbon nanotude 

almost any material. In fact , it was even possible 
to write the entire Lord 's Prayer on the head of a 
pin. Add itionally, Dr. Feynman wondered, "Why 
cannot we write the entire 24 volumes of the 
Encyclopedia Britannica on the head of a pin?" 
Dr. Feynman's ideas helped open people's eyes 
to the exciting new possibil ities nanotechnology 
has to offer. 

Since 1959, the field of nanotechnology has 
developed to the point where we are final ly seeing 
results. Nanosonic, a company located here in 
Blacksburg, has even developed a new material 
called Metal Rubber™ using nanotechnology 
techniques. Metal Rubber™ conducts electricity 
like a metal , while at the same time having the 
capability of stretching up to 1000% of its original 
size. Even at its full elasticity, Metal Rubber™ 
still conducts electricity; more amazing still is its 
ability to withstand abuse to an unprecedented 
scale. As the President of Nanosonic, Dr. Richard 
Claus explained this concept in an article by 
ScienCentral , Inc, "It's very tough. We can expose 
it to chemicals. We can put it in jet fuel. We can hit 
it with acetone. We can boil it in water overnight, 
and it doesn 't mechan ically or chemically 

Vanasse Hangen Brust/in. inc. 

upon prior similar products such as copper tape. 
A product simliar to Metal Rubber™, copper tape is 
a thin conductive foil tape used as sheilding from 
certain forms of radiation. Copper tape, although 
known for being both electrically conductive and 
elastic like Metal Rubber™, whose corresponding 
properties exceed those of copper tape by three 

The proposed Space Elevator 

orders of magnitude. The fabrication process of 
Metal Rubber™ enables greater control over end 
product properties, leaving out impurities and 
preventing any undesired bonding. 

Nanosonic makes it' s Meta l 
Rubber™ through an electrostatic 
self-assembly (ESA) process. This 

VHB is nationally recognized for the quality of our work on a wide range of projects 
sounds quite complex at first, but is 
actually simple and inexpensive once 
the necessary chemical solutions 
have been prepared. ESA begins 
with a base substrate , such as 
glass, wh ich is cleaned and given 
an electrical cha rge. This base 
substrate is then dipped back and 
forth , by a robotic arm, between 
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charged aqueous solutions of nanoparticles. One 
solution is designed to carry a negative charge, 
and the other, a positive charge. After each 
dip, undesired weak bonds are washed away 
with deionized water. It is important to note that 
each dip only allows for the creation of bonds on 
charged particles, thus giving scientists the power 
to select where they want the bonds to occur by 
placing the charges at specific points. By testing 
bonding variability, the scientists can selectively 
design desired products. This was not possible 
using older chemical methods. Through ESA, 
scientists are able to produce th in layers of Metal 
Rubber™ around a substrate that can reach up 
to two square feet in size, and two millimeters 
thick in width, all completed within one day. If 
ESA, carried out almost entirely by a robotic 
arm, were made larger in scope, we could see 
Metal Rubber™ at the rate newspapers roll off 
of the presses. However, this can only begin 
after development of the complex nanoparticle 
solutions designed by chemists. As Andrea Hill, 
a 2003 Materials Science Engineering graduate 
of Virginia Tech in charge of several projects at 
Nanosonic involving Metal Rubber™, told me, 
"What is difficult now in the process, is getting 
our product to meet the statistics that prospective 
compan ies are asking for." 

Once the stringent standards are met, the 
significance of Metal Rubber™ may become large. 
Imagine the production of artificial muscles that 
can be used for medical purposes, or factories 
utilizing composite Metal Rubber™ robotic arms 

A flexible display from Plasic Logic 
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capable of performing functions necessitating 
extreme elasticity. Is this too unreal to perceive? 
What about the possibility of using Metal Rubber™ 
to make stents that open arteries or bile ducts in 
patients whose respective vessels are closed and 
dysfunctional? Or, consider the idea of a flexible 
television that can fit inside of your pocket? These 
ideas seem far-fetched , but Metal Rubber™ can 
make them reality. Even more astounding is the 
idea of making airplane wings that morph when 
charged with electricity. Are these ideas too 
unrealistic? For now, Nanosonic is further testing 
Metal Rubber™ before they release it to the public 
for use in manufacturing new products. However, 
the aforementioned ideas are far from unrealistic. 
In the future, we will see morphing airplane wings, 
miniature flexible televisions, and we will not even 
second guess ourselves. 

Interview continued from pg. 18 

in the ESM program to look beyond these 
introductory courses. Come by to see me if 
you have any questions. We have an exciting 
curriculum and it is well worth to jump this 
small up-front energy barrier and look beyond. 
Believe me, it has the potential to be a great 
ride! 
Thank you for taking the time to chat with the 
Engineers' Forum Dr. Puri, we know you need 
no luck. 

Moon continued from pg. 10 

for Virginia Tech students and faculty alike to 
become involved in, as President John F. Kennedy 
stated so eloquently, "the most hazardous and 
dangerous and greatest adventure on which man 
has ever embarked." 

>>>See what some Virginia Tech students are 
saying about NASA's plan to set foot on the moon 
once again ... page 12. 
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Jenny Eggleston '04 Career Track Partner 
Josh Middleton ·04 Career Track Partner 

INSERT YOUR NAME HERE 

\ \le have a diverse, challenging career opportunit)' 
that is not readily found in today's construction market 
waiting for you. Contact Bob George at 610-222-3144 

to take advantage of the Al I VT connection today! 

~ American 
~ 6 Infrastructure"' 

PENNSYLVANIA• DELAWARE:• MARYLAND• VIRGINIA 

carecrs@ airecruiting.com 

'''"'"'.a mcricanin frast rue tu re.com 

Hybrid continued from pg. 6 

allowing the customers to pay a fair price for a 
highly demanded commodity. 

Nestled among the Blue Ridge Mountains, 
the quaint town of Blacksburg is hard at work, 
developing a technology of tomorrow. Cars have 
come a long way since their inception. Despite 
the long history of human beings, cars have only 
been around for a century or so, but in the last 
few decades, this technology has burst into every 
corner of the world . 

The automobile , however, is not 
environmentally friendly and emissions from 
vehicular traffic have led to grave issues such 
as smog and acid rain , thus requiring immediate 
action from the global community. Because 
petroleum (gasoline) is a non-renewable resource, 
unrestrained use of it will lead to its depletion . 
I'm sure most of humankind would not like to start 
riding horse driven carriages again, nor see our 
beautiful planet reduced to waste by uncontrolled 
pollution . 

Virginia 
fllTech • 

College of Engineering 
Student Assistance Center 
222 Hancock Hall 

3 

+,-x 
+ 

Free Tutoring 
Upper-class engineering students are available to provide 
assistance for all freshman and sophomore science, math 
and engineering courses, and also fo r a variety of upper-

level engineering courses during the fo llowing hours: 

Sunday: 3 - I Opm 
Monday - Thursday: I Oam - 5pm & 7 - I Opm 

Friday: I Oam - I pm 

For more information contact the Student Assistance Center during 
working hours at 23 1-2179. 

http://www. fi le box. vt.edu/org/sac 
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Aircraft Engines 

The world's most powerful turbofan engine, the GE90, is backed by some of the 
boldest technical innovations in aviation history. 

That's why we're also big fans of engineering students from Virginia Tech, whose 
technical contributions can help us shape the future of aviation. 

We're 
big fans of 
aviation 
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