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ulian Bell, a freshman engineering student, has
the daily task of walking to and from McBryde
Hall for his 8:00 Calculus class. As the day
begins, he dreads another morning walk by himself.
While he puts on his clothes, he glances at the clock
radio. Realizing he will be late if does not leave
this instant, he grabs his books and heads for the
door. As he hits the exit of the building, he hears a
sweet melody playing in the breeze. This is Julian's
first experience with the carillon.
Walking to class, he wonders where this music is
coming from. Looking around, he finally comes to
the conclusion that the bells are coming from atop
Burruss Hall. He thinks unassuming to himself,
"How do those bells work?" Julian, being a first
year student, does not realize that they are nothing
more than a computer, with digital cards containing
the songs, connected to eight, two-foot-one-inch
diameter speakers.
Yes, it is true. There is no hunchback hanging
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A computer and keyboard comprise the bell system in Burruss.

ENGINEERS' FORUM • 2

from ropes or an old man with a mallet belting
away at the bells. If in fact there were bells up
there, they would have to take up the entire third
floor of Burruss Hall. The system used to control
the bells is a 133 pound computer, a ninety-nine
year digital calendar with programmable memory
in which someone may specify what time of day to
play a certain song. The eight speakers used to
broadcast the music are pointed in pairs to the
north, south, east and west, with one speaker in
each direction angled slightly upwards in order to
give the people of Blacksburg a taste of the carillon.
If all of this seems overwhelming, don't worry,
the sounds of bells that you hear at Virginia Tech
are not entirely unique. Many other universities,
churches, and over 10,000 public places in the
United States use the same system. Schulmerich
Carillons, Inc. of Pennsylvania is the company
behind the sound. Since 1935, this company has
brought first mechanical, then electronic, now digital bells to the scene. The very first system that
was installed in 1957 in Burruss Hall was mechanical, costing the school $28,000. The money for
these Carillons came from excess money from the
building of the War Memorial Chapel, at the
request of the Alumni Association. The songs that
the system played were encoded on paper rolls,
which were very similar to the paper rolls that are
used in player pianos. This system, albeit a classic,
was very unreliable with its network of levers,
gears and springs. The system would break down
often, resulting in lost music. Funds, which could
have been spent on fresher and better tasting food
at the dining halls, were diverted towards the reparation of the mechanical system. The entire system, after twenty-two long years of playing carols,
fight songs and hymns, went kaput. Tech wanted a
replacement and contacted Schulmerich to order a
new and improved system. It took a total of two
years to find a replacement and have it installed,
but it was worth it.

The new system used from 1981 till it was
replaced last summer, worked on the principle of audiotapes. The tapes that replaced the
paper rolls were much more efficient because
of the considerably low maintenance associated with them. Encoded on the tapes were
whole songs of clicks and beeps. The clicks
and beeps were decoded by the computer,
which in turn sent a signal to little mechanical hammers inside environmentally sealed
containers containing miniature brass
chimes. The hammers would strike the
chimes causing a ring that was picked up by
a 320-watt amplifier, which broadcasted the
sound from atop Burruss to the campus and
surrounding area. The setup was basically
that of an electric guitar, with the pickup at
the base of each chime and the hammer causing the vibration.
This system, while easier to maintain than
the mechanical system, still had its faults. It
cost $57 ,000 for the system to be installed, a
large purchase by almost any standard. Not
only was the system expensive, the tapes
used to play the music were strangely high in
price. At $105 each, it would have been dif-

ficult to have a large supply of songs, therefore giving Tech a limited choice of tunes to
hear. Another drawback to having songs
encoded on tapes was the fact that the tape
heads in the computer needed to be cleaned
once a month in order to maintain the great
sound that the system produced.
The ultimate system, according to Keith
Voeks, former keeper of the bells, should
include computer disks with the songs
encoded on them. They would have relatively low maintenance, have great sound quality and hold many more songs than the tapes
would.
The system that currently sits in the spotlight booth of the Burruss Hall auditorium is
the Americana 318 digital auto-bell carillon,
of which Kim Briele, an electrical engineer
at the physical plant, is supervisor. This carillon system has absolutely no moving parts
in it, being purely digital. The system itself
has six different bell styles, with a wide
range of pitches to accommodate different
bell sizes. These styles include 61 Flemish,
37 English, 61 Harp, 61 Celesta, 61 Tembrel
and 37 Organ Chimes. Because the system is
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digital, up to 384 tunes may be stored in the
computer at any given time. It is no wonder
why there may be a Beatles tune immediately followed by The Sound of Music. The
songs are stored, not on tapes, but on digital
cards which may be encoded on. These cards
cost $55.00 each, a step down from the $105
each for the tapes. These songs, stored in different directories in the computer, can be
programmed to play at 170 different points
during the day. In all, this system cost
$35,650, but if you ask the residents of
Virginia Tech and Blacksburg, the expenditure was well worth it. Not only does the carillon play music from digitally encoded
cards, humans may also play it using a digital keyboard.
Sharon Knight, a former secretary in the
Chemistry department, has the opportunity to
play the chimes from the keyboard in the
spotlight booth at Burruss. The keyboard
plays all six styles of chimes and includes a
Digital Encoder unit, capable of recording
songs on the digital cards mentioned earlier.
Sharon grew up in Blacksburg and lived with
the chimes for much of her life. When she
gets the opportunity to perform live, she
finds it extremely invigorating to play the
bells that she once heard as a little girl. She
also gets the opportunity to record any song
that she wants to on blank cards that she
places inside the Encoder unit. This enables
students like Julian to enjoy her music all
year round.
As Julian nears his Calculus class he realizes that the tower is playing his favorite
song, "I saw her standing there" by the
Beatles. These are the times that the bell
tower was meant for: giving people around
campus the opportunity to unwind, listen to
classic tunes, breath fresh air and enjoy the
beautiful day. Ill
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A broad product range

At W. L. Gore & Associates, Inc. no
one will tell you what hat to wear. No
one will predetermine your project list.
No bo~es will book your services for
the next year. That's because Gore is not
just a worldwide pioneer of innovative
materials and products for the medical,
electronic, industrial and fabric industries. We are also pioneers in motivating people. Our unique Lattice culture
(see "The 100 Best Companies to Work
for in America") is at work in Gore facilities in Japan, Europe and the U.S. It
offers a supportive, nonhierarchical ("no
bosses"- yay!) work environment. We
give you the freedom to choose where
you can best contribute to our goal of
having fun and making money.

Gore's products range from implantable
medical devices such as heart patches
and artificial arteries, to sophisticated
signal management products for supercomputers and robotics. GORE-TEX~
garments have worldwide recognition,
and our environmental businesses are an
excellent reflection of our dedication to
improving the quality of life.

Our technical staff is fully empowered
to research, develop and even market
ideas that they originate or commit to.
We encourage hands on, direct involvement, with a dedication to personal growth
and not corporate ladder climbing.

For these areas, we need creative chemical, mechanical, materials, and electrical engineers, as well as life scientists.
We seek individuals who desire to work
with active, forward thinking associates
in a nonbureaucratic environment that
promotes freedom, faime~ and personal
responsibility.

Responsibility based on
talent, not endurance
Extensive training is offered both in
technical and business disciplines. This
allows our associates to assume responsibilities that match their expanding skills,
without the artificial restriction of time
with the company.
Gore believes in rewarding according
to contribution. Your compensation and
growth are directly I inked with what you
do as an individual to improve the overall profits. We also offer a flexible
benefits package and a profit sharing
plan so that everyone can share in the
success of the business.
If you are interested in a work environment that allows self determination,
growth, and the freedom to implement
your creative thinking, contact your placement office or write us at the address
below.

An Equal Opportunity Employer

W. L. Gore & Associates, Inc., P.O. Box 9206, Newark, DE 19714
GORE-TEX Is a trademark of W. L. Gore & Associates, Inc.
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DCS Corporation is an engineering services
company committed to delivering value-added
technical expertise to solve our customers'
complex needs. We are seeking Virginia Tech
candidates with a desire to establish an exciting
and successful career in engineering and
technical services using the latest technologies.
Positions available in our Alexandria, VA and
Lexington Park, MD locations.
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facility:

HARDWARE DEVELOPMENT
SOFTWARE DEVELOPMENT
SYSTEM TEST AND RELEASE CONTROL
TECHNICAL MARKETING
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Alcatel offers an excellent compensation and benefits package. Our campus facilities include an
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resume (indicating ref : VA TECH) to the address listed below, or fax to (703) 724-2348 . We are proud to be a
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BY GARRY HALLMAN

While science fiction
has us shooting to the
stars, where does
science fact leave us?
pace, the final frontier. These are the
voyages of the Starship Enterprise.
Its five-year mission: to explore
strange new worlds, to seek out new life
and new civilizations, to boldly go where
no man has gone before. Most everyone,
fan or not, has heard these words from the
show Star Trek at some point. Airing in
the 1960's, this television show brought
the next three centuries right into everyone's living rooms. While these television
shows are all science fiction, most modern
day science was fiction before someone
took those ideas and made them reality.
The question then comes, how close are
we to achieving the worlds of these future
societies? Three areas in particular must
be observed: space exploration and colonization, communication, and recreation.

S

SPACE EXPLORATION AND
COLONIZATION

Probably the most frequently pictured
innovation of the future is that of space
exploration and colonization. Every futuristic television show usually includes this
be it Star Trek or "Pigs in Space". While
science fiction has us shooting through the
stars, where does science fact leave us?
Today there are several differing growths
in space exploration, but the biggest movement right now is on long-term occupation
of space in two very different projects.
The International Space Station is being
built by the United States, Canada, Russia,
Brazil, and eleven European countries.
The first component will be launched by

the Russians this coming June, two more
from the US in July, and continuing on
until the end of the year 2003. The main
purpose of the station will be scientific in
nature, concentrating on experiments in
life, earth, space, microgravity sciences,
and continuing development into space
structure engineering.
History has proven that when it comes
to real efforts of colonization, the private
sector, not the government, leads the way.
In our own country, Jamestown was established for economic reasons, and its modern day counterpart is found in the Artemis
Project, a privately planned lunar colony.
Since the Artemis Project is not affiliated
with the government, the costs of construction and operation are expected to be
much lower with the bureaucratic organization removed. The basic goals of the
project are simple. 1) Build a permanent,
2)
self-supporting lunar community.
Exploit lunar resources for profit. 3)
Create an economic environment making
regular commercial space flight between
the earth and moon financially viable.
Establishing its long range plan, the first
actual step after design and construction of
the space vehicles is a manned lunar landing in the year 2007. Following this will
be 10 years of exploration and development before commercial flights are available in 2017.
COMMUNICATION

The world of communication is already
moving quickly into the future. The past
several years have seen the emergence of
cellular phones as an almost commonplace
item. The "communicators" of Star Trek
have arrived as new satellite networks, or
constellations, being assembled around the
earth allowing communication anywhere
in the world. Aside from just allowing
telephone calls, these networks will also
support Internet access allowing for the
transmission of information all over the
world. Video phones and video conferenc-

ing technology have been part of our society for several years, bringing the world of
Star Trek even closer.
I

RECREATION

The recreation of the future has a
foothold right here at Virginia Tech. On
Star Trek: The Next Generation, one of the
primary recreational facilities of the future
is the holodeck, a room where a virtual
environment is created, seeming completely real to all five senses. At Tech, the
CAVETM is the first step towards the
holodeck. By manipulating visual images
to produce actual three-dimensional projections, the CAVETM has brought a
whole new aspect to learning and eventually entertainment. How long it will take
for this technology to be integrated
throughout the world is hard to say, but the
very fact that it will be is inevitable.
Aside from such exotic recreation as a
holodeck, the computer has grown into not
only a business tool, but an addictive pastime. Along with the incredible games that
can be played, the draw of the Internet
lures many people into hours of surfing the
web. As computers become more powerful, they will undoubtedly overwhelm
other areas of entertainment, easily incorporating television, movies, radio, newspapers, and magazines. Movie CD's are a
good example of this already. Still, no
simulation will replace a game of football
or a nice swim in the near future as a major
form of recreation.
Science fiction to science fact: The
process continues. Television shows like
Star Trek may have started to be entertaining, but the ideas that they presented are
the very ones that will come to be in the
following years. Granted, there is still a
good amount of time before we can go to
maximum warp and race half way across
the galaxy in several hours, but in time,
anything is possible as long as it can be
dreamed first. llt
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ffice assistants have Secretary's people should be motivated to participate as during E-Week should attend Girl Scout
Day on Saturday the 21st. Sponsored by the
Day. Trees are celebrated on Arbor never before.
A student panel discussion kicks off Society of Women Engineers (SWE), Girl
Day. Even common garden rodents
get Groundhog's Day. When will this Tech's observation of Engineers' Week on Scout Day is a chance for young girls to be
unfairness cease? When will engineers, who Monday the 16th. (See inset for a detailed encouraged to pursue the sciences and engiwork as hard as any groundhog, finally schedule of events.) The purpose of the neering while in high school and college.
Engineering societies,
receive a holiday in their
such as SWE, will themhonor? Now, it seems.
selves be on display during
National Engineers' Week is
the Society Showcase takalmost here, bringing with it a
ing place on Monday the
host of activities to amuse and
23rd. The showcase will
astound. This year's annual
be a chance for the more
celebration promises to be
than 20 engineering socigreater than any that have preeties at Tech to recruit new
viously graced Virginia Tech.
members or, for some of
But what exactly is Engineers'
the
lesser-known clubs,
Week, and how did it start?
111
.c simply announce their exisE-Week, as it is commonly
.c
tence. To help relieve
called, is a national celebration
c:
0
some of that E-Week stress,
running from February 22nd to
UI
...,cu the Showcase will also fea28th, the week of George
>.0
ture a dunking booth full of
Washington's birthday. This
0
time was chosen because our
0 professors, students and
'&. water.
First President's skills as a
In addition to throwing
farmer, military engineer and
A paper airplane contest will liven up this year's E-week.
balls at dunking booth tarland surveyor led to him being
gets, students may also flex
deemed our nation's First
panel is for freshman to learn the good, bad, their rotator cuffs at the Paper Airplane
Engineer.
The practice of observing National and the ugly of each department from a first- Contest on Wednesday the 25th. Meant to
Engineers' Week was started in 1951, by the hand source, students enrolled in that be a simple design contest that any student
National Society of Professional Engineers. department. The hope is that the panel dis- can enter, the airplanes made by participants
E-Week's mission, the national homepage cussion will help undecided freshman on-site will be judged for distance traveled,
states, is "to increase public awareness and choose which departmental information ses- acrobatic ability, and creativity. (Read:
coolest looking.)
appreciation of the engineering profession." sions to attend.
Those information sessions, which will
While having "First Prize, Paper Airplane
On campus, the E-Week activities are directed by the Student Engineers' Council (SEC) take place throughout E-Week, are each Contest" on a resume may improve job
and this year's chairman, Jerry Wagner, a department's chance to present their disci- offers, it won't do nearly as much as meetpline to interested applicants. While most ing employers face to face, which is the
senior in Chemical Engineering.
"For me," says Wagner, "E-week should students attend info sessions to learn about point of CareerFest '98. Taking place on
be a time to celebrate being an engineer, their future department, some cunning indi- Thursday the 26th, CareerFest is the sister
learn about what different aspects of engi- viduals are drawn to them for purely gastro- event of the Engineering Expo held in the
neering are, and make yourself a better nomical reasons. While pizza, subs and soda fall, a job fair where students can deliver
engineer. People should be motivated to pop are among the treats to be found at their resumes in person to companies interparticipate, and improve themselves and information sessions, Girl Scout Cookies are ested in hiring engineers.
improve the college." With the number of not.
One company always interested in hiring
Those seeking Samoas and Thin Mints engineers is NASA, who is also sponsoring
activities going on at this year's E-Week,

O

a
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a National Engineers' Week
Teleconference on the 26th. The
nation-wide conference will start
with a technical presentation
about the International Space
Station, followed by a discussion
between students across the country and the engineers at NASA.
While they take many risks in
exploring the final frontier, one
thing astronauts cannot yet do in
space is gamble. This will not be
a problem at E-Week's Monte
Carlo Night, where the Earth's
natural gravity will keep the cards
and chips securely on the table.
This fund raiser for the Institute of
Industrial Engineers on Friday the
27th will include games such as
blackjack, craps, and roulette.
There will also be overall prizes
for those who have most greatly
increased their holdings of play
money by the end of the night.
The greatest overall prize, however, will be given to the winner of
E-Week's last event, the SEC

Olympics. The culmination of
Engineers' Week will pit eightperson teams from different societies against one of the greatest
stereotypes of our day: engineers
just aren't athletic. On Saturday
the 28th, a volleyball tournament,
tug-of-war, mouse-pad toss,
design contest, and relay race will
determine which is the Greatest
Engineering Society of All Time,
Until Next Year.
While there is a certain amount
of pride to be gotten from winning
the SEC Olympics and other such
contests, the true meaning of
Engineers' Week lies elsewhere.
It's not about the teachers you
dunk, or the awards you win.
February 22nd through the 28th
should be a time when thousands
of people from across the country
come together to say one very special thing. That thing, as spoken
by Jerry Wagner, is: "Hey, this is
engineers' week. We like being
engineers. Deal with it." 1111

BY SHUVOM GHOSE

laus Christensen Romer reached the
end of his rope one cold winter
night in 1674. The Danish
astronomer had been making astronomical
observations at the Royal Observatory in
Paris for two years, but no matter how precisely he took his readings, a disturbing
anomaly continued to haunt his data. The
time intervals he had measured between the
eclipses by Jupiter of its innermost moon,
Io, were not constant as they should be, but
varied throughout the year. Romer's internal crisis was brought to a head by a coincidence he had just noticed: The shortest time
intervals corresponded to the months in
which Earth's revolution about the Sun
brought it closest to Jupiter, and the longest
to when the Earth-Jupiter distance was the
greatest.
The simplest explanation was that it took
light from the eclipses longer to reach the
Earth when it was farther away. However,
most scientists of the time held that light
propagated instantaneously. This was

0

Romer's dilemma: While his numbers
showed it took time for light to cross distances, established theory said it did not.
Romer finally realized the only way he
could prove his theory was to put a value on
the speed of light. So, on a cold winter
night, this practical Danish astronomer
decided to revolutionize the scientific world
by measuring something which was, by all
current accounts, infinite.
Almost all of the quantities humans seek
to measure are within our conceptual grasp.
The speed of a plane, the population of a
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town, or the mileage between two
cities are all numbers we can comfortably
hold in our head. But throughout the course
of history, necessity has often driven men
like Olaus Romer to put a yardstick up to
values so immense that only through the
term 'infinite' can our minds describe them.
This is the story of three such measurements, starting with one that literally
stretched around the world and back.
Eratosthenes' Well and the Circumference
of the Earth:
In the 6th century BC, the Greek scientist
Pythagoras reasoned that since the Sun and
Moon were spheres, the Earth was as well.
Yet even Pythagoras, the first to know what
to look for, could not discern a curvature
to the ground. Therefore, he realized that the circumference
of the Earth had to be
very great,
greater

than any distance
measured before. Even greater,
Pythagoras decided, than was within
his power to
survey. Therefore, he died with only one
meager theorem to his name.
Three hundred years later there came
along a braver and wiser man, Eratosthenes
of Cyrene. Called 'beta' by his colleagues
because they thought him the second Plato,
Eratosthenes introduced the world to the
word 'geography', as well as the science

behind it. Eratosthenes'
confidence that he could measure
the circumference of the Earth sprung
from an ordinary well whose secret only he
understood.
This well's power came from its being
located in the in the city of Syene (now
Aswan in Egypt). Eratosthenes knew
from past experience he could
look down the well at
noon on the
Summer

Solstice (around
June 21), and see no
shadow from the well's walls.
Centuries later, all the points on the
Earth where this was true would be named
the Tropic of Cancer, but Eratosthenes only
knew that the Sun would be directly overhead Syene at noon on a certain midday.
Spending one Summer Solstice in the
city of Alexandria,
Eratosthenes placed a thin
pillar vertically in a
hemispherical
bowl at noon,
and found
the pillar's

shadow to be
1/25th of the bowl,
and therefore 1/50th of a
whole circle. Therefore, the
angle between the Sun and the

zenith was also l/50th of a full
circle (7 degrees 12 minutes.) Then
Eratosthenes made the leap of logic which
cemented his place in history. He assumed
lightrays from the Sun were parallel as
they hit the Earth. This meant that the
angle measured at Alexandria equaled the
central angle between Alexandria and Syene
(see diagram). From this calculation, the
Greek distance between these two cities,
5,000 stadia, was then l/50th of the distance around the complete circle. Earth's

technology available to us. Even as
Eratosthenes was measuring a
finite size for the Earth's circumference, other Greek scientists debated whether matter
was endlessly divisible. If
this were the case, then infinitely many particles of
matter could reside in any
given mass or volume.
Many centuries later, Avogadro
came to realize that equal volumes of any gas contain equal numbers of particles. But the question was,
how many particles?
Earnest Rutherford Finds Avogadro's Mole:
In 1811, Amedeo Avogadro first proposed that two equal volumes of gas at
equal temperatures and pressures contain an
equal number of gas molecules. This revelation had the potential to become the foundation of a new era in chemistry, if some
count of molecules in a measured volume
could be made. The situation has a simple
analogy: You want to go to a movie which
costs seven dollars. What good is it to
know both you and your brother Fred have
the same amount of money in your pockets,
if neither you nor Fred can count how
much you each have? Alas,
since the Italian physicist never had

a
circumference,
Eratosthenes therefore deduced,
was 250,000 stadia, which is usually converted to 46,250 km. The present
value is 40,075 km, which means that a
Greek thinker in the 3rd century BC, using
nothing more advanced than a bowl and a
wooden pillar, guessed the Earth's circumference to within 16 percent of the value we
have obtained using the most advanced

brother Fred, nor
knew what a movie was,
Avogadro never attempted to
determine the number which would
eventually bear his name. The first to try
was Joseph Loschmidt, a German chemist
born in 1821. Through his work at the
University of Vienna, Loschmidt deduced

the first accurate values for the average size
of air molecules and the distance between
them. With these two amounts, it was possible to approximate how many air molecules were in any given volume, another
expression of Avogadro's number.
However, since the constants Loschmidt
himself used were incorrect, his value was
30 percent too low. His experiment did
show, however, that any method to determine the mole which didn' t involve actual
counting was bound to be inaccurate. The
world would have to wait almost ninety
years before two scientists would invent a
way to measure Avogadro's number in the
most direct way possible.
Separately, Earnest Rutherford and Hans
Geiger were two bright stars in the physics
sky. When teamed together, however, they
became a supernova. Rutherford was a
British physicist who pioneered the study of
radiation by discovering both alpha and
beta particles. Geiger was a German who
specialized in electrical methods of particle
counting.
Their experiment involved firing alpha
particles, Rutherford's favorites, into an
evacuated tube containing a central, charged
wire, which would later become the basis of
the Geiger counter. When the two protons
and two neutrons making up an alpha particle collided with the wire, the particle's
charge was amplified enough to be measurable on an electrometer. For the first time,
scientists were able to count, accurately and
directly, the number of atomic-size particles
passing through a certain space. With
their counter, Rutherford and Geiger
found the number of alpha particles emitted per second per
gram of radium to be
about 34 billion.
When they

measured the total charge lost by the radium
and divided it by the number of particles
emitted, they found the charge of an individual alpha particle. Since a hydrogen ion,
(a proton) has half the protons of an alpha
particle, the scientists divided by two to get
charge on one hydrogen ion. From other's
electrolysis of water experiments, they
knew the charge of one gram of hydrogen
ions. Finally, dividing the charge of one
gram by the charge of one atom gave
Rutherford and Geiger the number of atoms
in one gram of hydrogen to be 6.2 E23.
Our modem value for the mole is 6.022
E23, less than three percent from the finding of those two pioneering scientists ninety
years ago.
As important as Avogadro's number was
to the world, it still ranks a distant second
on the scale of precious values. Only once
in the history of science, the Olympics, or
even the Miss America Pageant has one
measurement dominated the lives of so
many men as a certain one dominated members of the scientific community, starting
with Olaus Romer.
Science's Holy Grail. The Speed of Light:
Having decided to measure the speed of
light, Romer found there existed nowhere
on Earth clocks precise enough nor distances large enough to make the measurement possible. So Romer returned to the
heavens to find his answer. He estimated
the increase in distance between Jupiter's
closest approach to Earth and its farthest,
and measured the time lags of the eclipses.
Then using the simple formula rate equals
distance divided by time, Romer announced
to the world that the speed of light was
225,000 kilometers per second. Not all of
the world believed him, however, and his
theory remained unproven until after his
death.
James Bradley, an English astronomer
who would sometimes check his own
results for over twenty years before publishing them, was the first to confirm Romer's
work. He wanted to measure the apparent
change in position of the star Gamma
Draconis as the Earth moved around the
Sun. The value Bradley was seeking is
called parallax, yet what he found was completely different. Bradley discovered the
light from stars did seem to change direction throughout the year, but in an amount
too large and in the wrong direction for par-
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The angle Eratosthenes measured from the pillar at Alexandria equalled
the central angle between the two cities.
allax. This confounded him.
Then, sailing one day on the Thames
river, Bradley noticed that a wind vane on
the mast of a moving boat would shift
according to the boat's varying movement.
This was a result of observing a stationary
object (the source of the wind), from a
moving one (the boat), through a carrier
with finite speed (the wind). Bradley concluded the same effect was at work in his
experiments, did some calculations, and
announced the speed of light to be 308,300
kilometers per second. This was higher
than Romer's value, but still finite.
By now, astronomical
measurements
of the speed of light had gotten as precise as
they could. It was time for the stage to
return to Earth. Conducted by Armand
Fizeau, the first terrestrial experiments
involved sending a beam of light through
the gaps between the teeth of a rapidly
rotating gear to a mirror eight kilometers
away. The speed of the gear was adjusted
so the beam returning from the mirror could
not be seen. This meant that the light rays
passing through a gap in the gear were
being blocked upon their return by the next
tooth as it moved to replace the gap. The
time it took for the tooth to move into
blocking position was the same as the time
it took for the light to travel the sixteen
kilometers to the mirror and back.
Knowing the radius of the gear, its speed,
and the number of teeth in it, Fizeau found
the speed of light to be 315,000 kilometers
per second.
While Fizeau's value was only 5 percent
greater than the modem 299,792 km/sec,
the speed of light continues to be measured

to ever greater levels of precision. Other
scientists, little known and barely rewarded,
are currently trying to determine values as
far removed as the size of the universe and
the diameter of an individual quark. What
could their motivation possibly be? Could
they be the only ones to see how immense
the repercussions of the quest to measure
the infinite have been?
The circumference of the Earth showed
the ancient Greeks and all who followed
them how large the Earth really was.
Avagadro's number provides our one and
only bridge between the macroscopic world
in which we live and the microscopic one of
individual atoms. Bradley's experiment
was the first conclusive proof that the Earth
actually moved around the Sun, which led
to the Copernican revolution in science.
And in 1905, a unknown patent clerk
named Albert Einstein used the fact that the
speed of light had been found to be the
exactly same no matter how fast its source
moved to formulate his Special Theory of
Relativity, the foundation of our modem
understanding of how
the universe works.
Can the total benefit of finding all these
hard-won values ever
be measured? No.
That, fortunately, is
infinite. lit
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Dr. Bevlee Waiford:
Puttine Students iirst
BY MICHELLE R OMANOWSKI

eing a black woman on the advertisement in Prism magazine for this College of Engineering. Dr. Watford calls
Engineering faculty would be particular position, Director of Minority this a sort of "Vice Principal's job".
enough to set Dr. Bevlee Watford Engineering programs. I said, 'You know,
"You know the Assistant Principal, the
apart, but her determination for change in that's what I need to do.' "
one you went to when you were in trouble,
the Engineering College and in the ~~~~~~~~~~~~~~~~~~~~~~~~~ whenyou needed spe0

B

~~~:r:~~ ~:~r~~:~ :~~;e~t~~g,:~~

"What I like is workin, with students. ~~~e~~~~~,:~~~ ~~

engineering in the class of 1981, Dr.
Watford still retains her Long Island
accent. Listening to it as she talks about
her life, her job and her accomplishments,
the accent does not seem out of place.
Dr. Watford's story starts right here at
Tech, where she graduated from the
Industrial Engineering Department. Then
she went to teach at Clemson, "And
enjoyed it," she admits.
"But what I slowly came to realize was
that I was not excelling at the role of a
research faculty member. While I love
teaching, I'm really not that hot on

So Dr. Watford applied, got the job, and
returned to Tech in August of 1992 with
the intent of establishing a student support
services program. What she has actually
accomplished since then, however,
exceeded her initial intentions enormously.
First, her office conducts
recruiting for the college
and information sessions
for perspective students and
parents who are visiting
Tech.
The Minority
Engineering
Programs
(MEP) office also runs a lot
of summer programs, such
as summer camps for middle school students.
"I really like working
with the pre-college students, in terms of giving
them exposure to college
and instilling some bnd of
desire to stay technical and
be an engineer in these students," she relates.
Besides her MEP work,
Dr. Watford wears a second
hat at Virginia Tech. As of
August of 1997 she also
assumed the position of
Associate
Dean
for
Academic Affairs for the Dr. Watford

~nceshecamero~r~cia~chros~dy ~~~~~~~~~~~~~~~~~~~~~~~~~• bnds of thlngs ha~

If et a kick out of it.
research." Still at Clemson, Dr. Watford
began to question her job and where it was
going. She had to decide what it was she
enjoyed and what she did not.
"What I like is worbng with students,"
she says. "I get a bck out of it. It makes
me laugh. It makes me angry. It keeps me
young. It makes me feel old.
"That's the best part," she adds with a
laugh. Incredibly, once Dr. Watford had
decided what her true calling was, the
opportunity presented itself on cue.
"At the time when I finally realized and
said 'This is what I want to do,' I saw an

ENGINEERS' FORUM • 16

pen: late drops, resignations, withdraws,
exam changes, study abroad, permission to
take independent study, all those things
that the students want to do that are not the
normal student activities."
Continuing the list of her duties, Dr.
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continues to be an influential force.

0

0

~

even more far reaching
than that.
"Right now my goals
for the positions that I am in
are to firmly establish and
institutionalize the programs
that I want to have for students.
"Institutionalize means get
them base funding. What I
want... is to see all of the pro-

It makes me Iaufh.
Watford is involved with new
accreditation standards that
have been proposed for
Tech's accreditation coming
up in 2001, and making sure
that the new freshman engineering curriculum is implemented and that it works,

~~~ ·:1~s~r ~~~~e ~ I It makes me anfrv.

Many people view
forward thinkers as

I

"Which is a problem," - - - - - - - - - - - - - - •
Watford has always run • - - - - - - - - - - - - -...
tutoring for the college, and grams that we have receive
the results show it.
line item budget in the
"In minority engineering College of Engineering.
"I have a goal to figure out
programs we have made a big
difference in the success of what are all the things that I
black, Hispanic and women need to do. If a day could go
engineering students just by by where something new didbeing here [and] being sup- n't show up that I didn't
portive," she says.
know I was supposed to be
While the tutoring center is doing it would be wonderful.
- - - - - - - - - - - - - Personally, I would like
to spend more time with
my kids and my hus. .____________... band,
As my
thisfamily."
writer drew

It keeps me younf.

run through the MEP, it has her interview with Dr. Bevlee
never been just for minority Watford to a close, it became
students. In this way, Tech exceedingly clear what sort
has stayed ahead of the con- of picture the Virginia Tech
troversy surrounding minori- community should have of
ty programs, something to this amazing faculty member.
which Dr. Watford - - - - - - - - - - - - - - keeps a keen ear.
"Virginia Tech is
going through some . ._ _ _ _ _ _ _ _ _ _ _ _ _..

It makes me feel old.

changes dealing with the
minorities that come to the
university," she admits. "You
have proposition 209 in
California which is basically
eliminating affirmative action
type of programs. I see
minority engineering pro-

Bevlee Watford is a person
whose success comes from
her devotion to help students
reach their goals no matter
the effort she must contribute.
This sentiment is shown in
every one of her actions and
statements.
"We really need

That's the best part." ~h~;~p ;:: :~u~~~~
.._ _ _ _ _ _ _ _ _ _ _ _ _ _.. things that we can
grams being squeezed."
Her response has been to
attempt to "globalize" successes from minority programs. Dr. Watford's ultimate goals, however, are

do for them that will make
them better academically,
better socially, better in all
kinds of different ways to just
produce a quality students. If
I can pull it off." Iii
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formal classroom instruction in process control theory and
application. Moore Products Co. enjoys the reputation
in industry for innovative, top quality products and highly
competitive personnel.
We have openings for the following positions:
Development Engineers, hardware and software

Project Engineers, design and configuration

Ci@>oRE]

Michael Baker Jr., Inc.
770 Lynnhaven Parkway,
Suite 240
Virginia Beach, VA 23452
(804) 463-8770

Michael Baker Corporation is an E:qual Employment Opportunity corporation,
promoting a non-smoking and drug-free workplace.

Experience the

Information

Revolution

firsthand

You can feel the energy. The momentum. Innovative
technologies. Exciting projects. Bold new ventures. The
future of communications is being created today at
Lucent Technologies. And ifs been happening for more
than a century. We gave the world the first cell phone.
The transistor. The laser. The communications satellite.
To name but a few. And the innovations just keep on coming.
This translates into exceptional opportunltles to qualified
indMduals in Engineering, Software design and development, as well as Sales and Marketing, Finance, Business
Administration and Business Process Reengineering.
Send your resume to Lucent Technologies, attn:
Employment Manager, Dept. FOR/0109/98,
283 King George Road, Room B2C76, Warren, NJ 07059.
Or visit us on the web at
www.lucent.com

®

MOORE PRODUCTS CO. Spring House, PA 19477
Tel : 215-646-7400 Fax: 215-283-6358

Michael Baker Jr., Inc.
3601 Eisenhower Avenue,
Suite 600
Alexandria, VA 22304
(703) 960-8800

Lucent is an equal
opportunity employer.

For Whom the Bell Tolls: The Burruss sound system (Page 2)
http://nw3.nai.net/-..,spyder/
Coming Attractions: The future is coming, fast. (Page 7)
http://station.nasa.gov
Engineering A Week of Fun: National Engineers' Week at Tech (Page 8)
http://www.eweek.org
Measuring the Infinite: Nothing is too big to measure (Page 10)
http ://physics .nist. gov/PhysRefData/codata8 6/codata8 6 .html
Dr. Bevlee Watford (Page 16)
http://ise.vt.edu/watford/
Check us out : The Engineers' Forum online
http://www.vt.edu: 10021/eng/forum

ENGINEERS' FORUM • 19

Letter from the Editor February 1998

PHYSICS BY MOONLIGHT
t the beginning of this semester, I thought I had the perfect schedule. It
took only two days for someone to point out the wonderful surprise that
awaited me.
On Tuesday morning I found out, along with thirty other students in the
packed classroom that my physics class didn't start at 9:30 in the morning, but
9:30 AT NIGHT. It was totally my fault: When I had chosen the class last fall,
I didn't think to check the two letters after the class time. Who would expect a
9:30 on a schedule to be followed by a P.M.?
Throughout that day, I heard many theories why a physics class would run
until 10:45 at night. People blamed everything from the freshmen curriculum
changes to teachers who didn't want to see their spouses at night to El Nino.
But their complaining, as is always the case, didn't change a thing; the class
stayed where it was. And so did I.
Yes, that's right. I didn' t once try to switch into another class. Why? I
looked at it logically and realized a few things.
First, I never went to bed before 11 :00 PM anyway,
so I wasn ' t going to lose any sleep because of it.
Second, weaker-willed people had been dropping
the class like it was going out of style, leaving it
only a third of the size of the others. That meant a
three times better student-teacher ratio than anywhere else. And finally, there was the badge-ofhonor aspect. I loved seeing people's reactions
when I told them about how late the class was, and
that I was sticking it out.
Having decided I was staying, I started to
work on my attitude. I told all of my friends how
great it was to have a class that late, not to convince
them of it, but to convince myself. This I did
because of a fact I know to be true: people do better in subjects they're excited
about learning. So if you're not excited about every subject you're taking, why
not pretend you are until it becomes true? I've done this my entire college
career, and I've had more fun while getting better grades than anyone who
thinks class is something to be suffered through.
Most of my friends didn' t get it, though. Some complained that physics itself
is too hard. Too hard?!? Don't they realize some of the most gifted scientists
in history spent their whole lives toiling to derive formulas that we are taught
in a couple of days? And then my friends griped when we didn't get classes
canceled because of snow. Back in the middle ages when Nostradamus attended medical school, they shut down his university because of the BUBONIC
PLAGUE! And do you know what Nostradamus did? He stayed anyway!
Compared to that, I have no room to complain at all. So even before they
moved my physics class to 6:30 PM a week later, I told everyone who asked
about my schedule the truth: it's perfect. And because of my attitude, it always
will be.
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Who would
expect 9:30
on a schedule
to be followed
bV a P.M.?

Shuvom Ghose
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