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From The Editor
Dear Readers,
Welcome to the February 2009 issue of the Engineers’
Forum. February brings to mind many memories of winters
that I have witnessed in Blacksburg. How often does an ice
storm cancel your freshman engineering final? Well, as far
as I know it has only happened once, and I was lucky enough
to reap the benefits of this well-timed winter phenomenon.
How many times have I walked across the snow-covered
Drillfield in awe of the beauty that surrounds this campus?
It has probably been more times than I could possibly
count, which is nice and makes me wish for more snow
this winter. In the midst of my last winter in Blacksburg, I
want to challenge you to take advantage of the winters in
Blacksburg – where else could it be 10 degrees and snowcovered one day and 70 degrees and sunny the next? Winter
is a time for reflection about the fall semester and looking
forward to the warmer weather of spring and the prospect of
spring break trips, whether to visit family or some tropical
destination. Enjoy this winter and make the most of sledding
down the hills that make Blacksburg unique.
As you are reflecting during this time of the year, I hope
that you will also enjoy the articles in this issue, including
the return of one of our more popular sections on updates
from teams in the Ware Lab. The Project MANTiS, VT
Motorsports, and Baja teams all contributed articles to this
issue highlighting the work being done right now on the
projects and projections for future status completions. We
also have an article about how the SEC can help you fund
projects. Another interesting feature is a blast from the past:
an article written 10 years ago about sleep and its importance
in your education and an update from a 2005 graduate of VT
who was the editor of the Engineers’ Forum, Sarah Lewis.
Lastly, Sara Lu has written an update on her senior design
project with Walgreens focusing on universal design.
I hope that the spring semester treats you well. Good luck
with your courses and I hope you will read our final issue
of the 2008-2009 school year, which will be published in
April. Go Hokies!

Kari Adkins
Editor-in-Chief
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B

aja SAE is an intercollegiate international design
competition sponsored by the Society of Automotive Engineers (SAE). Each year, student teams from
around the world design, fabricate and compete with
a vehicle marketed towards the non-professional, offroad enthusiast. The objectives of the competition are
for each team to plan, fund, design, build and market
a new product to a consumer market. The biggest design constraint for creating a competitive vehicle is the
ten-horsepower, unmodified engine that must be used
exclusively to power the vehicle. The project also provides a forum for the development of leadership skills
in a team-based environment.
The 2008-2009 Virginia Tech Baja SAE team consists of
mechanical engineering students with varying levels of
experience from freshman to graduate level, including
the senior designers, students participating for technical
elective credit and volunteers. Even though this year’s
team consists of only ME majors, all other majors are
welcome to join. The team is tasked to design and build a
single passenger off-road vehicle that will endure rocks,
mud, trees, hills, jumps and, in the Winter Baja competition, ice and snow. In each competition, teams compete

in dynamic events,
including acceleration and top speed,
land maneuverability and log pull. At the Winter Baja
competition, the course consists of hills and jumps on a
motocross style course. The thing that makes this competition unique is the weather. In past years, the temperature has not risen above freezing, and the course is
covered in packed snow. In all competitions the car is
also judged in static events, such as aesthetic appeal,
cost and design.
Vehicle design begins in August of the fall semester
before competition with the formation of three design
teams. The chassis team focuses on creating a strong,
lightweight frame and designing the floatation system
for the east competition where the vehicle must be
completely amphibious. The suspension team creates
a design that will withstand rocks, trees, jumps and
tight turns by incorporating quick steering and a large
amount of suspension travel into the overall vehicle.
The drivetrain team balances top speed with torque by
combining the most effective transmission and gear reduction with the ten-horsepower engine and must also
Continued on page 5
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Continued from page 4
create a durable braking system to last through the endurance race.
Participating in this project builds not only a vehicle,
but teamwork and design skills that are necessary for
any customer-based project as well. Computer aided
design (CAD) modeling is used to assemble all components on the vehicle before beginning manufacturing

to reduce and hopefully eliminate multiple iterations of
a final part. Each component is then analyzed using
a Finite Element Analysis (FEA) program to analyze
weight reduction and to check durability under harsh
loading. After design, the student members manufacture the vehicle in the Joseph F. Ware Jr. Advanced Engineering Lab. Students who have undergone a thorough certification process offered through the College
of Engineering complete all welding and machining for
the vehicle. In the spring, the new vehicle is tested
extensively, and every active team member has an opportunity to drive the car. Driver selection is also done
at this time for competition drivers.
This year the Virginia Tech team will travel to Michigan Tech in Houghton, Michigan from February 14th

2008-2009 Chassis design in Solidworks.
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through the 15th and to Auburn University in Auburn,
Alabama from April 16th through the 19th. Last year the
VT Baja team placed 3rd out of 73 in Tennessee and 22nd
out of 144 teams in Quebec, Canada.

As mentioned, this year’s design team is divided up into
three sub-teams: Suspension, Chassis, and Drivetrain.
The drivetrain is using a continuously variable transmission (CVT), a secondary reduction, and constant
velocity (CV) shafts to get the power from the engine
to the wheels. The chassis team’s goal is to reduce the
weight and size of the frame while still ensuring structural stability and safety. The team has done extensive
FEA work to improve the design. The suspension team
has decided to use an independent double A-arm suspension design on each wheel. The team is working to
make all of the arms interchangeable. This will reduce
machining time and cost. The team is also researching
the possibility of using a sway bar in the rear suspension. This will help soften the suspension and improve
stability on the track.
If you are interested in volunteering for the team please
visit www.baja.org.vt.edu for meeting times and ways
to get involved with the Baja team. Volunteers are encouraged to be active and must be able to put in four
hours per week beyond meetings to participate.
Staff reports

2008 Team picture with the 2 previous vehicles at the East Competition in
Cookeville, Tennessee.
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Now What? Life after Graduation

ince I left the bubble of college life, the transition
from student to young professional has been nothing short of a continued
learning opportunity. I
have been in the workforce for almost three
years now, and in every
process of taking that next
step, I have added another
experience that will help
me in the present and the
future. Everything you do
always makes more sense
when viewed in the past,
but those conclusions and
lessons can provide a base
from which to analyze future choices.

?

Looking back there are several things I wish that I had
done more of or wish I had thought to ask if I could
do long before graduation that would have made finding that first job and then the transition into it much
smoother. Connections are extremely important. Use
Career Services as a resource, they can put you in touch
with some fabulous alumni and friends of the college,
but don’t just wander in and pick up some pamphlets or
do an occasional interview, introduce yourself, attend
their sponsored events and information sessions, and
establish a relationship with the staff who work there.
Take advantage of undergraduate research as early as
possible. Many professors around campus have spots
for undergraduate research positions. Sometimes they
are advertised, but often the best method is to ask. Take
it a step beyond introducing yourself to your professor.
Talk to him or her after class, ask questions, show a true
interest, and ask if he or she could use some research
help. It is great experience, and one I wish I had taken
advantage of. It is also good practice for the senior
design project.
Once in the workforce, remember that even if you
didn’t find your dream job, keep looking. Everything
you do can be a building block for that goal as long as
you are willing to put in some extra time and effort into
making the job your own and what you envisioned it to
be. Even if you aren’t well compensated, you will be
rewarding yourself, and you will be recognized for going “above and beyond.” By shaping the position into
what you want, you also gain and hone many of the
skills and experiences you will need once you do find
that perfect job. If it is not the perfect situation, don’t
sweat it. Ultimately, you will probably only be in your
first job two to three years, so take what benefits from it
your can while you are there.
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One of the best ways to make sure you have the best
support to make a job into what you want is to remember those basic professional and interpersonal skills that
you are using now in part-time jobs, the classroom, and
group settings. Remember to set priorities and abide by
deadlines. If you don’t think that you can make a deadline, approach your supervisor with your concerns well
ahead of time and discuss what you have on your plate
and then prioritize and analyze what you may need to
ask for help on.

improvement.
My final piece of advice is to stay connected and volunteer with your school, your workplace, and your
community. You may be busy, but it is well-worth the
extra effort in new connections, respect, and the pride
that comes with knowing that you are helping a larger
cause. No matter where we move after graduation, to
feel connected to a larger group through the Hokie Nation is a wonderful gift. It is a support system that only
gets better as you become more involved through your
local alumni chapter, an organization or club you were
Communication is always your best strategy no matter a part of, or even just keeping in touch with friends. It
what the task. Very little progress can be made on any makes the world not seem as overwhelming and our
situation (deadline or other) without good communica- little piece of it not so isolated. No matter what you do
tion channels. If something is bothering you or doesn’t in either your professional or personal life, strive for
seem right, speak out. It is important, however, that perfection. Even if you don’t reach it, you have done
when approaching any subject of this nature to remain your best.
as professional, respectful, and direct as possible. For
the best response, don’t offer negative criticism, but al- Sarah Lewis is a 2005 graduate of Virginia Tech and a
ways voice your concerns with a possible solution or former editor of the Engineers’ Forum magazine.
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Attention Students: More Funding from the SEC!

K

nowledge is Power. Well in this case – Knowledge is Money. Did you know that the Student
Engineers’ Council (SEC) has $20,000 per semester to
offer to student organizations represented at our meetings? Did you know that the Design Team Endowment
has over $15,000 annually to give to teams of any size
with no requirements? Did you know that this year there
is $30,000 for a Big Contribution to a faculty member’s
project? Well now you do, and if you are a member
of an engineering organization that needs funding, you
know where to go for help.
The SEC’s primary focus is supporting faculty, students
and organizations within the College of Engineering.
Dean Richard Benson believes that Virginia Tech is
unique because much of the College’s reputation comes
from the work that our undergraduates do. However,
budget cuts and the economy can make finding public and private
funding diffi-

cult. The SEC single-handedly runs the Engineering
Expo and channels all of the profits back into our engineering community. The SEC and its expo chair modify
the career fair every year in order to better serve companies and students, as well as increase revenue. In the
past three years, dramatic changes have been made to
increase the availability of this money to support our
college’s “Hands On, Minds On” motto.
In 2007, the SEC established its first endowment
through the Virginia Tech Foundation, which provides
a stable growth rate and allows our university to profit
instead of a bank. The interest accrued from the Design
Team Endowment provides stable, continuous funding
for student design teams and requires no connection to
the SEC in order to apply. Although we are well on our
way to achieve our goal of $500,000 in the endowment
by 2010, the organization felt that it needed to increase
the amount of money made available to student organizations.

The 2008-2009 SEC council
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The SEC constitution previously required that funding be on an “emergency basis”. This meant that a
student organization had to show a negative balance
when requesting a “slush fund.” Instead of rewarding
bad planning, the SEC wants to make funds available
at the beginning of each semester so that engineering
organizations on campus can plan on SEC money for
projects, programs, and conferences. Slush funds were
also previously capped at $1,500, but seeing that different organizations have varying needs, this limit has also
been eliminated.

For detailed information on how to apply
for funding through
the SEC, please
visit our website at
www.sec.vt.edu. If
you are interested
in getting involved
in distributing funding and giving back to the College
of Engineering, check our website for open positions
on our Executive Board and information about General
Assembly Meetings. The SEC has been supporting the
In the past the SEC has helped send organizations to engineering community for over 40 years and we want
conferences and competitions across the country, fund- to continue to improve that support in every way posed parts and equipment for design team projects, and sible.
given starter money for fundraising initiatives. But that
is not where the list ends. The SEC not only wants to Stephanie Naden is a student in Construction Engineersupport the programs and projects already in place, but ing and Management and the Director of Relations for
also new ideas and initiatives.
the SEC.
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Concept Car Generation: Project MANTiS

P

roject MANTiS is a unique vehicle that incorporates
several major functionalities into one system. The
primary unique feature of the vehicle is the suspended
wheels (the ‘arms’), away from the main body. This
unique feature allowed the project team to target this
vehicle to a new market segment of consumers looking
for an integrated ‘on-road’ and ‘off-road’ vehicle. The
other key design feature for the vehicle including an
electric car with all wheel drive and the capability to
switch between front and back wheel drive, 180 degree
vision for the driver, and incorporated digital systems
that display both speed and GPS information directly
on the screen in front of the driver to maximize driver
concentration on the road. All these features are to be
provided at low cost to the end customer. The project is
also committed to using recycled materials for as much
of the interior and chassis as possible.

Computer model of the high-tech MANTis vehicle.
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MANTiS is a 3 year Senior Design project for the mechanical engineering department at Virginia Tech, broken up into 3 sections of 1 year each. The current team,
pioneers in taking up the design will do considerable
background study and research work on each of the
major subsystems and components, and will produce
prototypes of the some of the subsystems of the vehicle.
The next two teams in the following years are expected
to develop and construct a complete prototype of the
system.
Since the project is challenging and complex, it requires
extensive research into each aspect of vehicle design
and discussions on the various alternatives available to
the team before selecting the final design. To complete
this task, the team is divided into subgroups which consist of: steering and tires, power-train, suspension, interior/exterior, and chassis. The steering and tires group
will research on the type of tire needed to meet the project specifications as well as the turning mechanism involved in the chassis, while the power-train group will
research the electric motor and the battery-power necessary to provide energy to the vehicle during its use. The
team hopes to meet a final goal of 50 miles per battery
charge. The suspension group is working on picking
the right coil and damper system to minimize vibration
while still maintaining the goal of variable ride height.
The interior and exterior group is faced
with challenges of designing the main
exterior design and the interior layout of
the displays. The last group, chassis, has
a complex job of negotiating designs with
each group to integrate all subsystems and
to ensure the safety standards that are necessary for successful implementation of
the design.

So far the team has been working in
the respective groups to research the
most appropriate components in the
construction of the vehicle. As mentioned above, the car must be able
to function both ‘on-road’ and ‘offroad,’ so the selection of the components is crucial to the success of the
project. The team hopes to finish the
initial research work by mid March
of 2009. In the following semester the team plans to put together
sub-assemblies for each of the subgroups and test them. The Project
MANTiS team is well prepared for
the challenges that face the team in
the senior design process.
Nikunj Jain is a senior in Mechanical Engineering.

Members of the Project Mantis team are pictured above. The team includes: Nikunj Jian, Danielle Edmund, Davis Prillaman, Corbin Overstreet, Doug Hough, Doug Dzambo, Jason Mun, Arroj Mustafa, Catherine Nguyen, Matt Marynowski, Adrian Allen, Duane Rollins, Chris
Yates, Daniel Breedlove, Jordan Price, Chris Denis, Josh Fehd, and Bryan Sides. The course advisor for the team is Dr. Saied Taheri.
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I

t has been a long and hard road for the completion
of the 2009 VT Motorsports team car. With a late
chassis design change, many designs had to be adjusted
before fabrication could be complete. With the time
frame permitted, team members worked overtime to
build their respective parts and assemble the car. Now,
with the car almost finished, the team looks to begin a
diligent testing campaign. The car will be driven 3 or
4 times a week to collect valuable data. Utilizing sensors will give team members specific information such
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as forces, wheel speed, wheel spin, engine speed, etc.
With real-time data, team members will redesign their
parts to make them more efficient and increase overall
performance. Driving the car will also reveal any problematic situations that may affect the performance or
cause failures in parts.
Speaking of part failures, one of this year’s overall
goals is increased reliability across the entire system.
Through iteration of past designs, the team strives to
improve the reliability of the car. Disastrous failures at competition have
plagued teams in the past, eliminating any chance of a top 10 finish in the
standings. The endurance race earns the
most points of any other category so it’s
appropriate to place heavy emphasis on
reliability. Another main focus is decreasing weight and lowering the center
of gravity to dramatically improve han-

dling. The engine puts out an extraordinary amount of
power, thanks to a turbocharger and precise tuning. To
make use of this power, the car must have equally superior handling. Wheel lifting has been an issue in the
past as well. While cornering, the inside wheels tended
lift off of the tarmac, having severe negative effects on
handling. Keeping all wheels on the ground will maximize the tire contact surface and power distributed to
the wheels. The suspension team looks to progress past
designs to increase the handling; in turn increasing
overall performance.

Look for exciting updates in coming months. Visit
www.VTMotorsports.com for team information, pictures, and upcoming events!
Brett Sherfy is a senior in Mechanical Engineering.

The 2010 team is now formed and well on its way to
designing their car. Nineteen individuals make up the
team that has been working on the design and fabrication
of the 2009 car; some have previous experience as well.
The 2010 team leadership brought up the idea to move
to a different style engine. Through research, they have
determined that a smaller single-cylinder engine will be
a better application for FSAE competition compared to
the current F4i engine. A lighter car with a lower center of gravity will increase lateral acceleration, which
the point system for the FSAE competition favors.
The engine design incorporates one cylinder instead
of four, simplifying the drivetrain and lowering power
output. The suspension design will also be lighter due
to less overall car
weight. The big
issue is deviating from past iteration, a long
standing goal for
VT Motorsports.
With research and
conservative design, a precedent
will be set for
great success for
years to come.
The 2008-2009 VT Motorsports team
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Virginia Tech team wins PISCES competition for lunar
construction and resource extraction research

A

group of Virginia Tech students
has developed a new material
comprised of simulated lunar regolith and powdered aluminum that
one day could be used to construct
colonies on the moon.

Initially designed to construct a
dome, but capable of being molded
into any shape, the bricks developed
by the group won the Lunar In-Situ
Lunar Resource Utilization (ISRU)
award this month at the Pacific International Space Center for Exploration Systems (PISCES) competition. The award was one of two
prizes given out this year by the research center dedicated to support-

ing life on the moon and beyond.

of Defense contract. “I theorized
that if I could do this kind of reacWinning Virginia Tech student team tion to make armor, then I could
members were Eric Faierson, a doc- use a similar type of reaction to
toral student in materials science make construction materials for the
and engineering (MSE); Susan Holt, moon,” Logan said.
a doctoral student in MSE from
Christiansburg, Va.; Scott Hopkins, Since actual lunar regolith is highly
an undergraduate from Yorktown, scarce, the regolith used by the stuVa., seeking a degree in mechanical dent team is derived from a volcanic
engineering (ME); Michael Hunt, an ash deposit on Earth. The regolith
MSE masters student from Virginia is composed of various minerals
Beach, Va.; Sharon Jefferies, a mas- and basaltic glass, highly similar
ters student in aerospace and ocean to that found on the lunar surface,
engineering in Newport News, Va., according to Faierson, who led the
Michael Okyen, an undergraduate
from Yorktown, Va., seeking a degree in ME ; and Brian Stewart, an
MSE doctoral student from Hayes,
Va.
A student team from Massachusetts
Institute of Technology won the
second award, in the category of
systems engineering.
Design work on the lunar bricks was
based on previous work by Virginia
Tech team advisor Kathryn Logan,
an MSE professor and the Virginia
Tech Langley Professor at the National Institute of Aerospace in
Hampton, Va., since August 2004.
In the older research, Logan mixed
powdered aluminum and ceramic
materials to form armor plating for
tanks as part of a U.S. Department
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A brick, comprised of simulated lunar regoli
fusion process that forms it. A team of Virgin
Kathryn Logan, a professor in the Materials
signed the brick as a potential building tool f

Virginia Tech team. During the initial experiments, the regolith and
aluminum powder were mixed and
placed inside a shallow aluminum
foil crucible. A wire was placed inside the mixture and then resistance
heated to 2,700 degrees Fahrenheit,
upon which the regolith-aluminum mixture initiated in a reaction
known as a Self-propagating Hightemperature Synthesis (SHS) reaction, Logan said. The materials then
cooled to form a solid brick. Later
experiments in forming the bricks
for competition were created in a
ceramic crucible made from silica,
which allowed formation of complex curved surfaces.

ith and powdered aluminum, cools after the
nia Tech students, under the advisement of
s Science and Engineering Department, defor future colonies on the moon.

Once a successful block was created, the student team found that the
resulting material had a compressive
strength near that of concrete, and
therefore could withstand an environment where gravity is a fraction
of that on the Earth. Research has
been ongoing for more than a year,
from initial testing to study of the
bricks against solar radiation and effectiveness as a construction material in lunar applications. The group
tested various compositions of
bricks to determine strength thresholds, with the largest compressive
strength being 2,450 psi.
The group chose small bricks, about
an eighth of a pound and smaller
than a DVD case, or roughly 5
inches x 2.5 inches x 1 inch, for
quality control and to conserve materials. “Theoretically the material
can be made in any size and shape,
however performing the reaction
on a larger scale increases the potential for flaws in the propagation of the reaction, and therefore
the end-product,” Faierson said.
“Large scale implementation might
be more appropriate in applications
such as landing pads, roadways, and
blast berms, where flaws are less of
a concern.”

as cinder blocks, including those
closer to net shape, are forthcoming, Logan said. Also to be studied
is the harnessing of large quantities
of heat derived from the SHS reaction to produce electricity, and extract volatiles for the lunar colony.
Hunt, now finishing his master’s degree, studied the chemical makeup of
the bricks before they went through
the fusion process as a powder and
then after as it formed the hard surface, among other tasks. “It’s definitely exciting” to have worked on
the lunar brick project, he said. “I
never would have thought coming
into graduate school that I’d be a
part of something like this,” Hunt
said.
Continued on page 17

The group formed several brick
shapes to demonstrate the concept
of forming a voissoir dome component, but did not build the full structure. Creation of larger bricks such
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Continued from page 16
Jefferies focused her work on the
brick’s ability to block radiation, including the right composite of aluminum and regolith materials, and
the brick’s thickness. People who
would colonize the moon would be
under constant exposure to radiation from the sun as well as cosmic
radiation. “I researched how much
regolith would be required, and how
thick the it would have to be to get
enough protection for the long-duration stays that we’re looking at,
which is six months,” she said.

Nine teams participated in the national competition, which required
reports and supporting materials to
be provided to judges in July. In August, the teams from Virginia Tech
and MIT were notified of their finalist status, and brought to Hawaii
in November to demonstrate their
findings before the judging panel.

The PISCES areas will be used to
test equipment and concepts prior to
actual lunar use, now in progress.
PISCES contest research topics included lunar water-ice extraction,
lunar outpost design, analog outpost
site development, prevention of astronaut bone degeneration, crewed
lunar exploration rover, energy production, and materials production
from lunar resources. Judging was
based on the novelty and thoughtfulness evidenced by the teams,
their commitment to PISCES goals
and objectives, and their compliance
with the rules of the competition

Among the judges were members
of the Japan-United States Science,
Technology & Space Applications
Program, which included scientists
from NASA and industry. Hawaii is
home to PISCES and several spaceFaierson first heard of the PISCES related research projects. The landcontest in November 2007, by which scape, which is derived from volcatime research work on the lunar nism, is similar to conditions found “The Virginia Tech team did a subrick concept was just beginning. on the moon, according to Faierson. perb job of presenting their project to
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PISCES and NASA conference attendees,” said Beth McKnight, a
spokeswoman with PISCES. There
were “lots of dialogue and questions.”

In addition to her positions at Virginia Tech, Logan is a principal
research engineer emerita in the
School of Materials Science and
Engineering at the Georgia Institute of Technology, a member of the
The VT team at Hampton is part of Clemson University Department of
the National Institute of Aerospace, Materials Science and Engineering
a nonprofit research and graduate External Advisory Board, a fellow
education institute. Formed in 2002 of the American Ceramic Society
to support NASA’s mission of space and the National Institute of Ceramexploration, the Institute’s graduate ic Engineers, and a member of the
program offers masters and doctor- International Academy of Ceramate degrees in the fields of engineer- ics.
ing and science through Georgia
Tech, Hampton University, North The College of Engineering at VirCarolina A&T State University, ginia Tech is internationally recNorth Carolina State University, the ognized for its excellence in 14
University of Maryland, the Univer- engineering disciplines and comsity of Virginia and Virginia Tech.
puter science. The college’s 5,700
undergraduates
benefit from an
innovative curriculum that provides a “handson,
minds-on”
approach to engineering education, complementing
classroom

instruction with two unique designand-build facilities and a strong Cooperative Education Program. With
more than 50 research centers and
numerous laboratories, the college
offers its 1,800 graduate students
opportunities in advanced fields of
study such as biomedical engineering, state-of-the-art microelectronics, and nanotechnology. Virginia
Tech, the most comprehensive university in Virginia, is dedicated to
quality, innovation, and results to
the commonwealth, the nation and
the world.
For more information on Logan,
visit http://www.vtnews.vt.edu/story.php?relyear=2004&itemno=313.
For more information on the Pacific
International Space Center for Exploration Systems (PISCES) competition, log onto http://pisces.uhh.
hawaii.edu.
Staff Reports, photo by Eric J. Faierson

Interested in in Contributing to the EF?
Great! We’d love to have you. we’re looking for:
• Writers
• Copy editors
• Webmaster
• Graphic Designers
Meetings Wednesdays at 1:30PM, TORG 3180
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Understanding Bedtime: The Mystery of Sleep
Editor’s Note: This article was originally printed
one decade ago in the February 1999 issue of the
Engineers’ Forum by the Shuvom Ghose, the thenexecutive editor of the EF. Have you ever wondered
what it’s like to pull an all-nighter for research purposes? Well, Shuvom tried it, and here are his results, as well as research into the mystery of sleep.
Enjoy!

I

t’s a decision we’ve all had to make: go to sleep
leaving some job unfinished, or stay up late and
drag through the next day on half a night’s rest? Like
many people, when I find myself needing more time in
the day, I steal some from the seven hours out of every
24 I spend lying in bed. After three straight days of this
cat-nap burglary, several questions began to bother me.
How much sleep did I really need? What’s the best way
to make up those lost hours, through short daytime naps

or longer nights? And why do we need to sleep at all?
What does it do?
Since my waking hours didn’t contain enough time for
research into the subject, I took the only path left open
to me: I stocked up on cheap soda, hid all my pillows,
and decided to stay awake until I had solved The Mystery of Sleep.
Late Thursday night to early Friday morning: Reading the night away
10:00 pm — I start my experiment. Technically, I’ve
been awake since six in the morning but my daytime
schedule has only just ended, so now my quest can begin. On the tape recorder I will use to record my findings and feelings throughout the night, my voice is alert
and sharp. I wonder, what will it sound like twenty
hours later? Over dinner, I start reading the first of my
five library books about sleep.
Traveling through a typical night of sleep is much like
driving from I-81 into campus. To pull your body off the
high speed, intensely active
highway that is waking life,
you take an exit ramp called
stage one sleep. In this light
transitional stage, your heart
rate, muscle tension and rain activity are slightly lower
than they were on the highway. If you were awoken
now, you might deny you were ever asleep.

Being unconscious
actually an evolutio

Next, you slow down to travel the smaller main roads
of Blacksburg in stage two sleep, which is when the
sleeper becomes actively detached from the outside
world. This stage, which initially lasts ten to twenty
minutes, is considered by scientists to be the actual beginning of sleep.
Lowering your brain activity and muscle tension even
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more, you begin to circle the Drillfield at 5 miles per
hour in stages three and four sleep. These two stages,
which happen within an hour of starting your journey,
are called deep sleep, because they are your deepest
states of unconsciousness. If awakened now, you would
definitely spend a few minutes shaking cobwebs from
your brain.

actly like we are doing now.

1:30 am — I’m definitely feeling sleepy now, and
having trouble keeping my eyelids open. (On the tape,
what I actually say is that I’m having trouble keeping
my eyelids “awake.”) As I read my sleep book, I can’t
keep the main idea of the paragraph in mind, and my
notes are becoming more and more fragmented. JerNext, you upshift into stage two for a brief moment emy, meanwhile, has been finding story after story of
while trying to pass a BT buss, and then you enter a sleep deprivation experiments gone wrong.
period of activity so disjointed, hectic and bizarre it can
only be compared to trying to find parking on campus. Stories like that of radio DJ Peter Tripp who, as a fundYour pulse and breathing quicken, your toes and fin- raising stunt in 1959, stayed awake for 200 straight
gers may twitch, and your eyes start darting back and hours. Near the end, Tripp began hearing sounds that
forth underneath your closed eyelids. This is rapid eye didn’t exist, fearing unknown enemies were after him,
movement (REM) sleep, a stage thought to be so im- and suspecting that people were drugging his food to
portant that sleep is sometimes only characterized into make him fall asleep. My book tells me this kind of
two stage, REM and non-REM (NREM). Discovered in paranoid delusion is so common in extended sleep
1952, this fifth and most famous stage is where the most deprivation experiments that it has a name: nocturnal
brain activity of the night and the most vivid dreams psychosis. Jeremy and I throw an ominous glance at
take place.
Continued on page 21
Throughout the rest of the night, you run errands all
over the Blacksburg area in 90- to 100-minute REMNREM cycles. In each successive lap, the time spent in
stages 3 and 4 sleep shortens and that in REM sleep
lengthens. Even though
such simple analogies can
be used to describe it, a
Discover magazine article I come across calls sleep and
the question of why we need it “one of the great mysteries of science.” It looks like I have a long night ahead
of me.

s at certain times is
onary advantage.

12:15 pm — Fellow Forum writer Jeremy West shows
up to join my quest. After feeding him chocolate chip
cookies, I put Jeremy to work reviewing the history of
sleep research. After fifteen more minutes of reading,
I’ve started to develop a slight headache. Jeremy reports that the most popular way to discover the effects
of sleep has been to record the effects of no sleep, ex-
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Continued from page 20

I’m speaking in much more coherent (I used words like
each other and quickly decide to do something else for bereft.” Jeremy and I feel so awake that we decide to
quit the book research and find some live information.
a while.
There’s only one place we’re sure we will find students
2:09 am — Heading outside to throw a Frisbee around to interview at this time of night: Burchard Hall.
in the street, the icy cold night air slaps us awake. As we
stumble around after a plastic disc in the near-darkness, Friday Very Early Morning:
Jeremy and I also demonstrate what is called the Etho- On the prowl for insomniacs
logical theory of why we sleep. It reasons that since Driving to campus at 2:30 in the morning is an eerie
humans have poorer night vision and hearing compared experience. “You could roller blade down [the middle
to our predators, being unconscious at certain times is of] Main Street,” Jeremy says noting the complete lack
actually an evolutionary advantage. Thus, sleep devel- of people and cars. This early in the day, Blacksburg
oped to keep us quiet, motionless, and therefore hidden resembles an old west ghost town, only with less parkfrom the dangers of the night. While the saber-tooth ti- ing.
gers who hunted our ancestors are now extinct, the car
that almost runs Jeremy and I over proves the night is The first person we run into in Burchard Hall is Ken
at 2:40 am. He thinks that the average person should
still a risky place.
get seven hours of sleep a night. “For me personally,”
When we return from the outside, the tape shows the he adds, “I’ll get like four hours of sleep a night, and
difference. My voice is more charged than before, and maybe the next night I’ll not have as much work so I
might get nine hours, catching naps here and
there.” Ken does admit he will pull and allnighter for a big project and we ask him how
he feels the next day.

Study after study has shown that REM
sleep aids memory.

“You’re okay the day after, the day that it’s
due. But it’s the day after that it really hits
you.” Jeremy and I wince at “it really hits
you.”
Working away at a drafting table close to
Ken’s, we find Seth. He thinks that at least
eight hours a night is healthy but then says,
“Usually one night I will get five hours sleep,
then two nights I’ll get like eight. I begin to
notice a pattern between the hours of sleep
people say they need and how they try to get
it.
In a corner of the sprawling basement of Burchard, Andrew tells us that the hours of sleep
an average mans should get “is individual,
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right?” He proves this by adding, “I usually try to sleep
in the day and work at night.” Why?

The key is that Miss M. functioned perfectly well on
what she got. Most experts on the subject say you
need enough sleep to feel energetic, active, and awake
“It’s great, I mean, computers magically work, print- throughout the whole day, even in boring classes. If
ers print, stuff just happens to like after two o’clock. you get sleep instead of restless during a boring lecture,
Things start to work. You’re not distracted and you can you’re not getting enough sleep. Surveys show that
get stuff done.” At 2:50 am, Andrew sends us down the more than half of America’s population, particularly
row to a computer room to see Zach, our last interview young adults and college students, is not as alert, perin Burchard Hall. My conversation with him starts:
sonable or happy as they could be because they don’t
Shuvom: You’re Andrew, right?
Continued on page 23
Zach: I’m Zach.
Shuvom: Oh I’m sorry, Andrew was
back there.
Zach: Sleep’s getting to you too, huh?
Zach thinks five hours of sleep a night
is average, but actually advocates getting less than needed. He believes
rested students with all their senses
restrict what they say in class. But, he
says, when you lose some sleep, “you
start losing your senses a little bit…
and you really get into what you really
think. You kind of lose that private self
and get a more public self.”
Leaving Burchard Hall and heading
across the Drillfield, Jeremy and I discuss who was right about the amount
of sleep people should get. Truthfully,
Andrew was the closest, because there
is no single number for hours for everybody. Just like your ideal height
or weight, your ideal need for sleep is
determined by your genes. While most
people get between 6.5 and 8.5 hours
a night, there have been a few document cases like Miss M., a 70-year-old
retired nurse from London, who functioned perfectly well on just one hour
of sleep a day!
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Continued from page 22
get the sleep they need. A study in Michigan even found
that people who normally sleep eight hours a night and
claim to be well-rested became more energetic, more
alert, and better critical thinkers when they increased
their nightly quota by two hours!

of a sleep bank again. Just like Ken and Seth and many
of the rest of us, Jonathon tries to balance his sleep account like a checkbook. The analogy is close, but not
perfect.

Lost sleep does build up, so losing one hour of sleep a
night for a week is just like pulling an all-nighter. How3:12 am — It really doesn’t feel like it’s that late. With ever, unlike a large deposit in the bank to balance an
the cold outside air propping up our spirits, we’re pretty over-drawn check, massive sleep debt cannot be paid
sure we are going to make it through the night. I want to back hour for hour on the following night. This is the
conduct a few more interviews, and the dorms seemed same idea as trying to make up for five lost days of
the natural place to go. Given the time, I suggest a co-ed exercise by working out five times longer on the sixth
dorm. Jeremy however, insists on an all-female one.
day: our bodies just don’t work that way. Missed sleep,
like exercise, must be slowly repaid through a slightly
3:27 am — We meet Jonathon, the night monitor for increased regular schedule.
Johnson Hall. He seems alert and very happy to see us.
How does he make up for his lost sleep?
3:37 am — Jeremy and I run across Nishith, the night
monitor in Miles. We ask him if he’s had any bad expe“Oh, I crash on the weekends all the time,” he says. riences over-drawing his sleep account. Nishith looks
“That’s when I usually catch up or get a sleep surplus thoughtfully past us all at the wall, his eyes distant.
so that I can function over the week.” There’s that idea
“Once,” he begins, “I stayed up for four days straight
and then I went [to sleep] during my test. I was in chemical engineering and I was giving my test, and I just fell
down. Nobody woke me up.”
The night monitor in Barringer told us he’s also messed
a test up by staying up to study for it. I don’t tell them
what I’ve always believed and that this night is proving: as much as college student hate to hear it, the best
way to study for a test is to keep up with the classwork
throughout the semester and then get a good night’s
sleep immediately before it.
As we walk up to O’Shaugnessy, Jeremy and I hear
a lot of grumbling voices that tell us there is another,
larger, sleep deprivation experiment going on: a fire
drill. Skipping the boxer and robe-clad angry mob, we
meet fellow Forum writer Yaro at 3:50 am in Lee, who
gives us the nightly news.
Continued on page 25

23

●

Engineers’ Forum ● February 2009

Are

YQ U Ready to
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Continued from page 23
“Somebody or somebodies have been running around
pulling fire alarms,” he says. “Lee had one, O’Shag,
Pritchard, and the New Residence Hall on the right had
one.” A Captain America feeling washes over me and
I proclaim to Yaro that, should Jeremy and I see some
suspicious guys going quickly from dorm to dorm, we
will apprehend them. Jeremy then reminds me that we
are two suspicious guys going quickly from dorm to
dorm, and my idea is dropped.
4:00 am (approximately) — In between dorms, we’ve
been yawning pretty regularly. The best work to characterize what I’m feeling right now is blah. I just don’t
want to put forth any effort. The feeling of wanting to
go to sleep is pretty strong. Instead, we climb in Jeremy’s car and head to the other local hotbed of late-night
activity: Wal-Mart.
A huge semi-truck sitting across two lanes of WalMart’s main parking lot gets me thinking about another
theory of why we sleep, and the activity inside cements
the thought. Everywhere inside the super-center, WalMart elves are taking advantage of the negligible customer traffic to restock shelves, move racks around,
clean floors, and do all the other things that would cause
massive disruptions in the daytime. This is the Restorative theory of sleep that the body partially shuts down
to repair the damage the day has caused. Though this
is the leading theory on why we sleep, in experiments
where rats are kept awake for seventeen straight days,
they die for no apparent cause. There is no particular
tissue destruction gone unrepaired which seems to have
caused their death.
Jeremy’s sleep-lowered inhibitions cause him to make
a $100 calculator purchase he had been putting off for
weeks.
4:50 am — We’re yawning pretty regularly now (the
sound of me yawning on the tape actually cause me to
yawn as I transcribe the night’s record four days later).
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I’m nodding off every time I close my eyes. Even worse,
Jeremy is unable to drive at a constant speed. Images of
sleep-induced disasters run through my mind.
Two hundred and fifty-eight thousand barrels of crude
oil dumped into the Prince William Sound when the
helmsman of the Exxon Valdez, apparently asleep on
his feet, failed to respond to a clear signal to turn back
into the shipping lanes.
Night technicians, fatigued in the early morning hours,
misread displays to cause both the Three Mile Island
and Chernobyl nuclear disasters.
One hundred thousand sleep induced car accidents occur each year, including one in 1990 when the high
school student named “America’s Safest Teen Driver”
fell asleep at the wheel, killing himself and the driver
of an oncoming car.
Continued on page 27

Are you Running a sleep Debt?
Answer True or False:
1. I need an alarm clock to wake up at the appropriate time.
2. It’s a struggle for me to get out of bed.
3. I feel tired, irritable, and stressed out during the
week.
4. I have trouble concentrating and remembering.
5. I often fall asleep watching TV.
6. I often fall asleep in boring classes or in warm
rooms.
7. I often fall asleep within five minutes of getting
to bed.
8. I often feel drowsy while driving.
9. I often need extra sleep on weekends.
10. I often need a nap to get through the day.
If you answered true to two or more, you need to get
more sleep. Taken from the book Power Sleep
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Continued from page 26
6:36 am — We have made it safely back home, and
through the night. Jeremy and I are feeling better now,
after some food. If I lie down and close my eyes, however, I’ll go right to sleep. (On the tape, I have to repeat that sentence three times to get it right.) Since I
still don’t know why we need to sleep, I embark on the
hardest and final part of my quest: getting through a day
of classes.
Friday morning to afternoon:
Walking zombies
I feel tired and don’t have the energy I did before. Unlike Zach predicted, I feel less outgoing, and I can’t
respond to my classmates’ jokes as well. It feels like
I’m always missing something, like I’m not thinking of
something.
8:50 am — I was sitting, taking notes in my first class,
and the next thing I remember is a friend poking me
awake at the end of the period. I curse and shuffle to
my next class.
10:00 am — It happened again, only in shorter segment. My mind is so out of sync from falling asleep
and waking up six times this hour, I can’t even retain
material from the part of the class I was awake. Sadly,
one friend pulled me aside and said the way I’m feeling
now, he feels like every day.
In the student parking lot, I discover I’ve absolutely forgotten where I parked my car. I should have expected
it, since a book I’ve just gotten says study after study
has shown REM sleep aids memory. Like Wal-Mart,
the brain shuts itself down to reorganize, repair and
strengthen the connections that make memory what it
is. I finally find my car, then remember I have more
classes that day, and return to Hancock.
12:00 pm — I dozed off again in the Hancock Atrium.
It lasted for around half an hour, and I felt trapped in
molasses when I woke up. Experts usually recommend
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abstaining from naps. But if you must nap, they say,
nap responsibly. Sleeping from fifteen to thirty minutes
during the day to refresh yourself is best. Anything longer and you’ll lapse into stage three sleep, which leaves
you feeling groggy when you wake up. Later, I read
that if you are sleep deprived and must nap longer than
thirty minutes, you should extend it to a full hour and a
half to complete a NREM-REM cycle.

lab rat in another quest is if I decide to investigate The
Mystery of Swedish Back Massages.
Shuvom Ghose is a 2000 graduate of the Virginia Tech
Aerospace Engineering program and was the 1999 executive editor of the EF.

Right now, if I keep moving, I’m okay. But if I sit
down…
1:13 pm — Coming off an hour of work on my feet,
I’m not feeling too tired, although I’m making very
little sense on tape, repeatedly saying I don’t know, I
don’t know.
2:02 pm — Things are starting to hurt that shouldn’t
hurt, like my left ankle and my back. Looking for answers, I come across the most painful clue in The Mystery: Stages three and four deep sleep are crucial to
maintaining general health. I read that, in those stages,
our metabolic activity is the lowest, and the secretion
of growth hormone is the highest, providing the best
conditions for repairing body tissue. Immune system
modulators also reach their peak in deep sleep, proving
that sleep is essential to keeping the germs away.

Making the Engineers’ Forum is hard work, let me tell
you!

5:00 pm — After being mostly awake for 35 straight
hours, I decide to end this experiment. I’m not together
enough to do any more research, and I’m being seriously detrimental to my health, as shown by the fever
suddenly upon me. I consider the quest a success; I’ve
learned how much sleep I should get (enough to feel
awesome the whole day), how to make up for missed
sleep (gradually and on schedule), and finally, why we
need sleep at all (to keep me from reeling like I do right
now!).
As I sink my dazed, aching, and feverish body into the
waiting bed, I have one last thought before drifting off
to sleep: the only way I’ll subject myself to being a
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Creating Job Opportunities with Universal Design

I

ndustrial and Systems Engineering seniors enrolled
in senior design have the unique opportunity to use
skill-sets learned from class and experiences acquired
from internships to design solutions for a company’s
real-life problems. Since senior design spans two semesters, the majority of my senior year has been dedicated towards redesigning a workstation to accommodate for persons with disabilities.

the concept of Universal Design—the underlying basis
of my senior design project.

According to the Center of Universal Design, Universal
Design involves “the design of products and environments to be usable by all people, to the greatest extent
possible, without the need for adaptation or specialized
design.” The application of Universal Design Principles ensures the needs of potential users with a wide
Prior to this project, I was unaware of the difficulties variety of characteristics are met. The following are the
people with disabilities face in the workplace. Ac- Universal Design Principles developed by the Center of
cording to the Americans with Disabilities Act, 18% Universal Design:
of the United States population has medical conditions
that make it difficult to find a job or remain employed. • Equitable use. The design is useful and marketable to
Since workstations and facilities are generally designed
people with diverse abilities. For example, a website
for people with typical needs, this oftentimes prohibits
that is designed to be accessible to everyone, includcompanies from being able to hire people with disabiliing people who are blind, employs this principle.
ties. These facts substantiate the need to incorporate • Flexibility in use. The design accommodates a wide
range of individual preferences and abilities. An example is a museum that allows visitors to choose to
read or listen to the description of the contents of a
display case.
• Simple and intuitive. Use of the design is easy to understand, regardless of the user’s experience, knowledge, language skills, or current concentration level.
Science lab equipment with clear and intuitive control buttons is an example of an application of this
principle.
• Perceptible information. The design communicates
necessary information effectively to the user, regardless of ambient conditions or the user’s sensory abilities. An example of this principle is captioned television programming projected in noisy restaurants.
• Tolerance for error. The design minimizes hazards
and adverse consequences of accidental or unintended actions. An example of a product applying this
principle is software applications that provide guidance when an inappropriate selection is made.
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• Low physical effort. The design can be used efficiently, comfortably, and with a minimum of fatigue.
Doors that open automatically for people with a
wide variety of physical characteristics demonstrate
the application of this principle.
• Size and space for approach and use. Appropriate size and space is provided for approach, reach,
manipulation, and use regardless of the user’s body
size, posture, or mobility. A flexible work area designed for use by employees with a variety of physical characteristics and abilities
is an example of applying this
principle.
One benefit of Universal Design
is its possible applications to any
product, process, or environment.
Walgreens, a sponsor of the senior design project, has been at the
forefront of incorporating Univer-

sal Design to create jobs for people with disabilities,
both cognitive and physical.
At the Walgreens’ distribution center in Anderson,
South Carolina, approximately 40% of the employees
have special needs. Walgreens invested more than
$175 million into the distribution center, which included equipment specifically designed for use by people
with special needs. The distribution center in Anderson
trains employees with disabilities through designed asContinued on page 31

Vehicle traffic at the walgreens distribution center in South Carolina
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Continued from page 30
sessments and training programs organized by a team
of representatives from Anderson County schools, the
local government, the South Carolina Department of
Disabilities and Special Needs, the Veterans’ Administration, and the South Carolina Vocational Rehabilitation Department. A notable claim to fame is that the
distribution center is also one of the highest performing
centers in the Walgreens distribution network, giving
proof that companies should equally consider hiring individuals with special needs. My senior design team
has the privilege of working with Walgreens, to see
how the company has successfully incorporated Universal Design, and to use our acquired knowledge to
redesign a workstation for the company.

special education teachers at Blacksburg Middle School.
The middle school teachers can provide their expertise
working with children with disabilities. Another facet
of the project is to allow middle school teachers to propose and implement an improved curriculum to better
match disabled students with future job opportunities.
The project has made the team realize the need for creating jobs for those with disabilities because they are
often left to fend for themselves after high school—an
issue that the general public may not realize.

The senior design project has given me a new perspective on the challenges people with disabilities face in
the workplace. By using engineering concepts like
Universal Design, engineers can make a difference by
helping the millions of people who have been historiDemonstrated by the Walgreens distribution center, cally overlooked for employment.
employing people with disabilities takes collaboration
of various parties, including the education system. As Sara Lu is a senior in Industrial and Systems Engineera result, my senior design team is also working with the ing and Economics.
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Nationally Acclaimed Science Writer to Kick Off
Inaugural Series at Virginia Tech

P

aul Raeburn, a former science editor and senior
writer at Business Week, will spend two days on the
Virginia Tech campus March 23 and 24 as the College
of Engineering’s first guest speaker of the newly funded “Jebson-Nystrom Science and Technology Writer in
Residence Endowment.”
Bob Jebson of Culpeper, Va., a 1956 metallurgical engineering graduate and a member of the College of
Engineering’s Committee of 100, founded a company,
Environmental Systems Service, in 1973, and now
maintains three facilities in Virginia. Jebson is a pioneer in the testing of water, wastewater and dairy products, and more recently expanded his company into
food analysis.

An admirer of technology communication, Jebson directed a $50,000 gift to the College of Engineering’s
public relations program, and worked with Lynn Nystrom, director of news and external relations for engineering, to develop the guidelines that call for a nationally recognized science and technology writer to spend
a few days on campus each year.
Jebson said he “established this endowment to enable
the College to sponsor a science/technology writer in
residence program to interact with students and faculty
and share ideas about Virginia Tech’s research and educational innovations with these distinguished guests.”
“When I first heard about Bob’s gift, I found it overContinued on page 33
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Continued from page 32

Raeburn is the author of the memoir “Acquainted with
whelming,” Nystrom said. “His generosity is allow- the Night: A Parent’s Quest to Understand Depression
ing Virginia Tech’s College of Engineering to have the and Bipolar Disorder in His Children.” From 1996first endowed public relations program in the country, 2003, he was at Business Week magazine, and before
that, he was the science editor and chief science corI believe.
respondent at The Associated Press.
“Paul was the natural first choice for this seminar. His
credentials, including his premier role
in organizing the
international New
Horizons in Science
Briefings, a meeting
we hosted at Virginia Tech twice in the
past three decades,
are among the best
of all of today’s science writers,” NyPaul Raeburn will visit Virginia
strom said.
Tech in March to give a talk.

Raeburn is a commentator for National Public Radio’s
Morning Edition, and an occasional guest host of NPR’s
Talk of the Nation: Science Friday.
Raeburn is also the author of “Mars,” published by the
National Geographic Society in 1998, and “The Last
Harvest,” published by Simon & Schuster in 1995. He
has written for The New York Times Sunday Magazine,
Psychology Today, The Washington Post, Discover,
Popular Science, Child, Self, Technology Review and
many other newspapers and magazines.
Raeburn is a past president of the National Association
of Science Writers and a recipient of its Science-in-Society Award. He has also received the Associated Press
Managing Editors Award for excellence, two Deadline
Club awards, two Computer Press Association awards,
and the John P. McGovern Award for Excellence in
Medical Communications from the American Medical Writers Association. He is an honorary member of
Sigma Xi, the scientific research society.
Raeburn has been a journalism fellow at Stanford University, and science-writer-in-residence at the University of Wisconsin and the University of California, Santa
Cruz. He is a graduate of the Massachusetts Institute
of Technology, where he received a bachelor’s degree
in physics. He also studied composition at the Berklee School of Music in Boston, and he plays piano and
guitar. Before joining the AP, he worked for the Boston
Phoenix and the Lowell (Mass.) Sun.
Staff Reports
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Our Coal Veins are

'''Maroon and Orange''
\

Alpha Natural Resources is an enthusiastic supporter of Virginia Tech.
Virginia Tech is the alma mater of more than 20 of our key management
employees. including Alpha's Chairman/CEO and our President. It's no
coincidence that we're known as the "Hokie Coal" company.
Alpha Natural Resources (NYSE: ANR) is one of the leading coal
producers in the U.S.. a $2 Billion company with a track record of
excellence. and an appetite for growth.

"Runn1ng
. R.19ht." What does that mean to
Alpha Natural Resources?

It means ... running safely.
We believe in fostering a safe and prosperous work environment
for everyone.

It means ... running soundly.
Doing the right thing environmentally, such as promoting cutting
edge mine reclamation and innovative environmental research.

It means ... running sensitively.
Supporting more than 500 different agencies and service groups
to help less fortunate people in the communities where we're
located.
Right now. Alpha has tremendous opportunities for new people to
learn a broad range of skills outside of the mines, and advance
quickly into positions of authority.
Would you like lo work for a company that runs right? We're looking
for the next generation to run Alpha Natural Resources right.

Are you "Running Right" material?

Alpha Natural Resources

One Alpha Place • P.O. Box 2345 • Abingdon. VA 24212 • alphanr.com

"Schlumberger gave me the training, support
and a career with limitless opportunities."
Andrea, Field E11gi11eer

"As a petroleumengineering major, I knew what life inthe oilfieldwould belike. I knew about the demanding conditions,
the hard work, and the responsibilities you face each and every day on the job. And I also knew that an 8to 5 life in
a cubicle was, thankfully, not in my future.
Schlumberger gave me the training I needed to be successful. The training is intense because the job demands
your best. You take on as much responsibility as you prove you're ready for. At Schlumberger every day on the job
is another opportunity to learn, grow and make an impact"
Schlumberger is a racognizad 1echnology leader providing producis.
services, and solulions to lhe oil & gas exploration and production
(E&PJindustry.
The Schlumberger Field Engineer position is a demanding.
sometimes physical job involving complex technology
utilized to optimize solutions for E&P companies.
Additional inlormalion is available on our website.
An equal opponuniiy employer.

Schlumberger
Success without boundaries

www.slb.com/careers

