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It is the mid 1980s. A young man sits in a darkened room, his profile 

rhythmically lit up by dazzling laser beams that dance around and saturate his 
mind. 

He is at his first light show, and for a moment he feels overwhelmed by the 
beauty of the enchanting lasers. Then the music engulfs him, and three
dimensional laser images flash and sweep him up as if he were in a dream. 

* * * 
Meanwhile- in outer space- the government is enjoying lasers in its own 

way. 
They are testing nuclear-powered laser weapons as part of the Strategic 

Defense Initiative for a space-based anti-missile defense system. 
Politicians on earth gaze at the test site in awe, thinking what a great country 

they live in. The president stands in front of them and waves, eager as always to 
be seen on television in a powerful and patriotic setting. 

* * * 
Half an hour later, when the young man's laser show is over, he comes to his 

senses and remembers that he had experienced a mere illusion, a temporary 
escape from the real world. He walks home and worries about society, about the 
environment and about the threat of a recession. 

At his house the TV is on, and the president grins boldly into the camera, 
trying to convey an image of control to his followers. The bystanders endure this 
because they have invested so much faith and hope in this man that they can't bear 
the thought that perhaps he, too, is merely selling them an illusion. 

n July 21 of this year, the 
Energy Department officially 
canceled the X-ray laser pro

gram of the Strategic Defense Ini
tiative-the drive for a space-based 
laser defense system designed to 
guard our country against enemy 
missiles. Congress finally admit
ted that the non-laser kinetic weap
ons we had all along were enough 
to defend ourselves against any 
communist threat. That adds up to 
about 10 years of testing and far too 
much money down the gutter. 
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Remember the Star Wars mov
ies? Luke Skywalker fought the 
forces of evil, armed with only his 
mind and his laser light saber. A 
noble cause it was, but unreal. The 
X-ray laser weapon, originally the 
core of SDI- or "Star Wars" -
may have also been a noble effort, 
but it, too, was in outer space. 

In theory Star Wars sounded 
ideal. Reagan's introductory speech 
in 1983 spoke of a world without 
offensive nuclear weapons. If the 
US and Russia could produce ef-

• 
I 

by 

Esther Haynes 
Editor in Chief 

fective space-based anti-missile 
defense systems, he said, offensive 
nuclear weapons would be virtu
ally useless, and ultimately would 
become extinct. 

Ideal, perhaps ... but far from 
realistic. After ten years of SDI re
search we should have something 
substantial to show for it, some
thing beyond the relatively minor 
ground -based military laser devices 
that emerged from the scheme. 
Considering the government spent 
nearly $30 billion over the past nine 



years on Star Wars, it should have 
come a bit closer to reaching the 
initial goals- maintaining the ul
timate defense system and harbor
ing no offensive nuclear weapons. 

Our government's message was 
to fight the communists at all costs, 
not to let them control us in the 
"free" world. These days, with the 

ergy Department to indefinitely dis
continue X-ray laser testing should 
have happened a long time ago, it is 
a start. This will allow some limited 
improvements to be made on the 
kinetic defense weapons that we 
already have, while freeing up 
funding that may finally go where 
it can be used to more directly help 

the people. 
Our government's 

message was to fight the 
communists at all costs, 
not to let them control us 

Congress 
must start provid
ing higher fund
ing for domestic 
research pro
grams that will in the "free" world. 

threat of the 
Cold War gone, 
it is obvious 
we've been un
der the control 
of communism 
for quite some 
time now; psy -------------- find solutions to 
chological control fueled by panic 
instigated by our government. This 
robbed millions of dollars from 
struggling domestic programs, 
away from environmental pro
grams,awayfrompeople-tospend 
instead on researching nuclear 
weapons and far-fetched space
based anti-nuclear weapons. 

While the decision of the En-

our immediate social concerns. In
stead of furthering military laser 
technology, imagine where science 
would be today if SDI money went 
to medical researchers. Perhaps 
better treatment for cancer, or a 
vaccine for AIDS. 

Our empire definitely strikes 
out with the Star Wars plan. 000 
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By Peter Kauffner 
For Minnesota Technolog 

hile laser technology has been 
around more than four decades, 
practical uses for lasers haven't. 

Although it was clear to laser pioneers 
that they had stumbled onto some
thing important, it was not obvious 
what they would do with the technol
ogy. Initial critics were skeptical, brand
ing lasers "a solution looking 

' t ju t or 
ti • 
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ergy or "ground" state. When addi
tional energy is absorbed by an atom, 
the atom is said to be in an "excited" 
state. An atom can be excited by heat, 
electricity or radiation. The electrons 
in an excited aton1 are farther from the 
nucleus than electrons in a grounded 
atom. 

In seconds, an excited atom can 
emit a photon and then return to its 
ground state. Non-laser, or "non-co
herent," light consists of photons that 

the term "laser," an acronym for Light 
Amplification by Stimulated Emission 
of Radiation. 

From masers to lasers: 1951-60 

The biggest challenge facing early 
laser researchers was how to isolate 
the laser material so it could be excited 
to the heightened level. Lasers will 
work only if most of the atoms in the 
laser material are in an excited state, in 

a condition called "popula
for a problem." Few could pre
dict that lasers would perme
ate into people's lives as they 

By the 1930s all the basic concepts 
needed to build a stimulated 

tion inversion." 
In 1951, Columbia phys

ics professor Charles Townes 
proposed injecting ammonia have. Today, lasers are used 

in everything from surgery to 
entertainment to supermar
kets. With uses that range from 
scribing grooves on circuit 
boards to shearing cloth, la-

emission device were well 
established. Why did it take until the 

1950s for serious laser research 
to begin? 

molecules into a metal box, 
the dimensions of which 
were multiples of ammonia's 
microwave frequency. The 
box would act as a resonator 
and reflect stimulated emis-sers are truly at the "cutting 

edge" of today's technology. 

Amplified Light 

Albert Einstein, in 1917, first dis
covered the principle oflight on which 
lasers would ultimately be based. Ac
cording to Einstein, light consists of 
numerous massless particles, called 
photons, which vibrate as they travel. 
When photons have wavelengths be
tween 400 and 700 nanometers, they 
are visible as light. Each wavelength of 
visible light corresponds to a particu
lar color. Other types of electrmnag
netic radiation, such as radio, TV and 
microwaves, are produced by photons 
with wavelengths outside the range. 

Atoms are normally in a low en-
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have a range of wavelengths and 
phases, causing much of the energy of 
one photon to be canceled out by an
other photon. The human eye aver
ages the wavelengths of the different 
photons from a light source to create 
the sensation of a single color. 

If a photon passes near an excited 
atom, it can "stimulate" the atom to 
emit a photon of the same phase and 
wavelength. The laser is based on this 
principle, which creates a light beam of 
photons that have the same wavelength 
and phase. 

When non-coherent light is used 
to excite the laser material, the energy 
from the resulting beam is more fo
cused than the energy from the origi
nallight source. From this concept arose 

sions back into the system. An inverted 
population of molecules could be 
stored this way and be used to create a 
burst of microwave radiation with a 
narrow frequency range. 

Townes consulted leading physi
cists about his idea, but they dismissed 
it as nonsense. Townes later wrote, "I 
remember interesting discussions on 
this point with [Danish physicist] Neils 
Bohr and [Hungarian American math
ematician] John von Neumann. Each 
immediately questioned how such a 
narrow frequency could be allowed by 
the uncertainty principle." 

Despite skepticism, Townes per
severed. In 1953 he proved the estab
lishment wrong by building a maser, a 
microwave version of the laser, which 



later won him the 1964 Nobel prize in 
physics. 

It is uncertain why it took until the 
1950s for such an invention to be de
veloped. All the basic concepts needed 
to build a stimulated emission device 
were established in the 1930s. 

One possible reason: the develop
ment of quantum mechanics created a 
rift between the worlds of physics and 
electrical engineering. Developing 
quantum mechanics was an immense 
project for physicists in the 1930s. Few 
thought about its practical applications. 
Many physicists seemed unaware of 
how feedback principles used in elec
trical engineering could be applied to 
create an output with a narrow fre
quency range. At the same time, elec
trical engineers did not realize the full 
potentional of the quantum mechani
cal concept of stimulated emission. 

Because of delays like this, research 
on extending the maser concept to op
tical frequencies did not begin until 
1957. ThatyearGordonGould,agradu
ate student at Columbia University, 
developed the idea of "optical pump
ing," a process in which laser material 
is excited by using a flash tube that 
emits light of higher frequency than 
the desired laser output. He also pro
posed placing a pair of mirrors at the 
opposite end of the laser material, with 
one mirror at a right angle to the axis of 
the laser material and the other tilted. 
This "Fabry-Perotetalon" ensured that 
all oscillation was along the axis of the 
laser material. 

After a lengthy legal struggle, 
Gould, who coined the term "laser," 
was finally awarded laser patents 
worth millions of dollars in 1987. 

By the late 1950s there were around 
a dozen laboratories throughout the 
country racing to be the first to build a 
working laser. Theodore Maiman, of 
Hughes Aircraft in California, edged 
out the competition by unveiling his 
synthetic ruby laser in 1960. Maiman 
excited the laser material in his inven-

tion with a flash tube wrapped around 
a ruby cylinder that had Fabry-Perot 
mirrors at each end. 

The laser action in the original la
ser, however, was unpredictable and 
uncontrollable. The Q-switch, devel
oped in 1961 by Robert Hellwarth of 
Hughes Aircraft, solved this problem 
by controlling an opaque material 
placed in front of one of the mirrors. 
When the opaque material was re
moved, the mirror reflected the stimu
lated light back into the laser material, 
initiating the laser action. 

High hopes: 1960-68 

With the "space race" in full swing 
and nuclear war an ever-present dan
ger, science probably never had more 
prestige than it did in the early 1960s. 
Time magazine devoted its first issue 
of 1961 to "American science," and a 
picture of a laser appeared on the cover 
in place of the traditional "man of the 
year." 

In 1962 the laser became even more 
popular, when Massachusetts Institute 
of Technology engineers Louis Smullin 
and Giorgio Fiacco beamed the light of 
a ruby laser at the moon and recorded 
the reflected echo. 

During that time laser research 
took off in boomtown fashion. A bibli
ography of laser entries lists 752 refer
ences for 1963, compared to only 17 
references in 1960. "There was not a 
single day that passed when some-

thing really exciting didn't happen 
here," said William Bennett, a former 
laser researcher at Bell Laboratories. 

Toward the end of 1960, Bennett 
and his co-workers Donald Herriot and 
Ali Javan developed the helium-neon 
laser - the first gas discharge laser -
at Bell Labs. Because of its noticeable 
red beam and widespread use at su
permarket checkout counters, the he
lium-neon laser is probably the type of 
laser that is most familiar to the gen
eral public. In this system, the material 
in the gas laser is excited by passing an 
electric current through it, much as an 
electric current is used to power a neon 
light. Fabry-Perot mirrors are also used 
in the laser to reflect stimulated light 
back into the gas tube. 

At that time researchers were regu
larly discovering new materials that 
could be used for lasers, including ce
sium vapor, neon-oxygen, argon-oxy
gen, pure neon, pure argon, krypton, 
xenon and nitrogen. In 1961 Elias 
Snitzer of American Optical developed 
a glass laser, and a semiconductor la
ser was developed in 1962. "I expect 
any day now to hear that someone has 
got a tube of plain air to lase," joked 
one scientist in Fortune magazine in 
1963. 

During the much of the '60s, the 
military was the engine that powered 
laser research. While the Air Force 
worked on a sun-powered laser, the 
Army started a project to use lasers for 
target designators - research that 

September I October 1992 * Page 5 



would lead to today's "smart bombs." 
The military also sponsored research 
to develop laser radar, battlefield beam 
weapons and laser range finders. 

1964 marked the end of the golden 
age of laser research, with major labs 
cutting back or eliminating laser re
search altogether. Progressive labora
tory results continued to pour in, but 
practical applications 
seemed as far away as 
ever. The earlier un
bridled optimism now 
appeared premature, if 
not naive. The laser was 
a promising device, but 
some thought its time 
had not yet come. 

Progress in laser re
search did continue, 
however, despite the 
general change in mood. 
The discovery of the car
bon-dioxide laser in 
1964 by CKN Patel of 
Bell Labs revived the 
military's interest in the 
laser for the battlefield. 
Dye lasers, liquid lasers, 
and solid state yttrium
aluminum-garnet 
(Y AG) lasers were also 
developed during this 
period. 

As the laser industry lost ground 
in its military and academic markets, 
the improved semiconductor laser 
sowed seeds of industry success in the 
consumer electronics field. Today, 
semiconductor lasers can be as small 
as a grain of sand- small enough to fit 
in consumer products like laser print
ers and CD players. 

most widely used type of laser today. 
Nearly 12 million were sold in 1987, 
and they now cost as little as $5 per 
laser. 

Heterojunction InGaAs /InP lasers 
caused the revolution in fiber optics 
communications. Now most long dis
tance phone networks use fiber optics, 
which use laser light to send signals 

along tiny strands of fi
ber. 

Semiconductor la
sers are not the only type 
of laser to make a suc
cessful transition to the 
civilian market. High
powered carbon-dioxide 
lasers are commonly 
used in industry as pre
cision cutting tools for 
rna terial ranging from 
steel to cloth. Also, he
lium-neon lasers are 
commonly used for 
aligning construction 
work; and dye lasers are 
useful as measurement 
instruments in spectros
copy because the output 
frequency of this type of 
laser can be tuned. 

Endless 
possibilities 

As lasers become 
Illustration by Denese Sanders more COmpact, precise 

From military to 
civilian produc

tion, 1968-92 

When the Vietnam 

Atoms are usually in a low energy or "ground" state. When addi
tional energy is absorbed by an atom, the atom is said to be in an 
"excited" state. 

and powerful, they will 
likely be used in an even 
wider range of applica
tions. One anticipated War ended, the laser in-

dustry was forced to retrench. The 
military's share of the laser market 
dropped from 63 percent in 1969 to 55 
percent in 1971. Military money for 
university research was sharply cut as 
a result of the 1969 Mansfield amend
ment, which prohibited departments 
from giving money to projects that were 
not directly related to their mission. 
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The heterojunction semiconductor 
laser, invented at RCA in 1968, pointed 
the way to the future. The laser mate
rial in this type of laser consisted of 
alternating layers of gallium arsenide 
and aluminum gallium arsenide. 
GaAs/ AlGaAs lasers are commonly 
used for CD players and other con
sumer electronics, making them the 

future use for lasers is in etching inte
grated chips for solid-state electronics. 
Some researchers believe the ultimate 
in high-density data storage would use 
individual molecules as data bits, 
which could be manipulated by lasers. 

Lasers have also been proposed 
for use in detecting wind shears, a rare 
wind condition that poses an aviation 



hazard; and range-finding lasers may 
be placed on trucks and other vehicles 
to prevent collisions. 

The semiconductor laser is one 
particularly promising laser type. In 
1991 Bell Labs announced the creation 
of a semiconductor laser that was ad
vertised as the world's tiniest laser. 
Some speculated the new laser could 
be used to build computers based on 
lasers instead of electronic circuitry. 
Also inexpensive semiconductor lasers 
will likely soon be available that can 
produce output in a variety of colors. 

The medical field is also taking 
advantage of laser technology. An ex
perimental technique allows livers 
spots, spider veins, tattoos, acne, scars 
and other skin blemishes to be removed 
by lasers. And fiber optics could per
haps be used to allow internal laser 
surgery. In the dental field, too, re
searchers are experimenting with la
sers for dental surgery and anesthet
ics. 

Lasers are helping to open up 
atomic and molecular research as well. 
With lasers, scientists can manipulate 
neutral particles, cool vapors to near 
absolute zero and even stretch out the 
spiral DNA molecule. With the precise 
timing of laser pulses, researchers can 
influence the course of chemical reac
tions; and physicists at Duke Univer
sity use lasers to determine the precise 
position of atoms in a beam. 

If the early '60s was the golden age 
of laser development, today is the 
golden age of laser applications. Once it 
seemed as if scientists would announce 

Photo by Kathy Strauss 

Holograms are now commonly used to preventfruadulent credit card duplication. 

the lasing of plain air. Now it seems the 
air is full of laser beams. 000 
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By Alice Chen 
Technolog Staff Writer 
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hought much about your 
brain lately? Scientists at the 
University Medical School 

and AT&T Bell Laboratories have 
recently developed a technique that 
helps doctors do just that. It is BOLD 
(Blood Oxygen Level Dependent) 
imaging, a new technological de
velopment for the study of brain 
functions. 

Seiji Ogawa, a Bell Laborato
ries biophysicist, was the first to 
develop BOLD imaging, which is a 
variation of Magnetic Resonance 
Imaging. Last year Ogawa joined 
Dr. Kamil Ugurbil, director of the 
Center for Magnetic Resonance 
Research at the University, to con
duct further tests. The research be
gan around July 1991 with staff 
members Ravi Menon, Seong- Gi 
Kim, Julta Ellerman, Helmut 
Merkle of the University, and David 
Tank of AT&T, Ugurbil said. They 
had BOLD results by March 1992. 

BOLD imaging is a non
invasive procedure that detects in
creases in blood flow to active areas 
of the brain by displaying changes 
in the amount of oxygen bound to 
hemoglobin molecules in each re
gion. Since non-active areas of the 
brain are not rich in oxygen, blood 
supplied to those regions carry 
deoxyhemoglobin, or hemoglobin 
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Photo Courtesy of The Center for Magnetic Resonance Research 

These magnetic resonance images, produced by BOLD imaging, were taken at 
four-second intervals after a light was flashed once in front of the patient. The 
highlighted areas in each shot shows the brain's activity in response to the 
stimulation. 

without oxygen. Magnetic fields 
increase slightly in the proximity of 
deoxyhemoglobin, thus it is para
magnetic. BOLD imaging detects 
the magnetic distortion surround
ing the blood vessels in non-active 
tissue, and produces an MRI image 
of the brain. This allows scientists 
to see the brain functioning. 

The University of Minnesota 
has one of three 4 tesla MRI sys
tems in the United States. Normal 
MRiequipmentcapacityis 1.5tesla. 
Although BOLD can sometimes 
function at the lower tesla levels, 

the higher magnetic field strength 
yields images of high enough reso
lution to locate brain activity at a 
restricted scale of fractions of an 
inch, and it maximizes the contrast 
between hemoglobin and 
deoxyhemoglobin. 

BOLD imaging is a safe and 
painless procedure. Since it allows 
normal neural conduction, brain 
waves and the natural electrical 
workings of the body are not inter
rupted. Also there is little possibil
ity of burning the brain cells, 
Ugurbil said, because the magnetic 



field is not strong enough to cause 
burning. 

Not everybody, however, can 
undergo this procedure. People 
with pacemakers cannot safely 
make use of BOLD imaging, be
cause the magnetic field affects the 
synaptic signal that tells the heart 
when to start its 

tions. Researchers are currently 
using the technique at Massachu
setts General Hospital and the 
Medical College of Wisconsin. 

BOLD could one day be ap
plied to many scientific areas, 
U gurbil said. The new method 
could be used in studies of the brain 

setts General Hospital and the 
Medical College of Wisconsin. 

With further research of BOLD 
imaging, we will learn more about 
how we think, how we function, 
and perhaps even how we feel. Not 
only is BOLD capable of saving 
lives when used for medical proce-

dures, but its abil
cycle of contrac
tions. 

BOLD could 
one day be applied 
to many scientific 
areas, U gurbil 

Not only is BOLD capable of saving lives, but its 
ability to map the brain at such specific, 

localized levels may keep scientists busy 

ity to map the 
brain at such spe
cific, localized lev
els may keep sci
entists busy for an-

said. The new method could be 
used in studies of the brain to find 
out which specific areas control 
certain functions. The imaging tech
nique could also be used for many 
medical applications, U gurbil 
added. In neurosurgery, for ex
ample, doctors could use BOLD 
imaging to when they need tore
move tumors or malformations 
without disturbing parts of the 
brain that allow everyday opera-

for another century. 

to find out which specific areas con
trol certain functions. The imaging 
technique could also be used for 
many medical applications, Ugurbil 
added. In neurosurgery, for ex
ample, doctors could use BOLD 
imaging to when they need tore
move tumors or malformations 
without disturbing parts of the 
brain that allow everyday opera
tions. Researchers are currently 
using the technique at Massachu-

other century. 
Who knows? If we can unlock 

the mysteries of the brain, the solu
tions we find could also solve what 
we deem "unsolvable." Take a 
minute to ponder that. Boggles the 
mind doesn't it? 000 

Sources: 
Ugurbil, Kamil. Phone interview. July 13, 1992. 

University of Minnesota news release. June 30, 
1992. 
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By Scott Taschler 
For Minnesota Technolog 

ASER: Light Amplification by 
Stimulated Emission of Radiation. 
A device which produces a coher

ent, monophase, monochromatic, blah, blah, 
blah ... 

The laser has been 
around for decades, but 
onlyrecentlyhave scientists 
begun to find practical uses 
for it. 

You can get a tattoo 
removed with a laser, have 
surgery done on your eye 
and, if you like, fire a 
guided missle. But there's 
more. The laser has taken 
over the entertainment in
dustry, forever changing 
the way we spend our free 
time. 

t • 
I 

it I 
a laser beam spreads very little in com
parison with other light sources. 

Lasers and Compact Discs 

Unless you've recently joined a 
hermitage or isolated yourself atop 
Mount Kilimanjaro, the audio com
pact disc has become a familiar part of 

• • 

length of the laser light. When the laser 
shines on the surface of the disc, the 
light that hits the low areas is 180 de
grees out of phase with the light that 
hits the flat spots, causing interference 
patterns when the light is reflected. 
These patterns are picked up by a photo 
detector and then transformed into 
music. 

For many people, the 
first thoughts conjured up 
by the word "laser" are of 

The compact disc revolutionized the way we listen to music. 

This technology is not 
limited, however, to the 
familiar 12-centimeter au
dio discs. Today Compact 
Disc Video is available, 
although its many prob
lems thus far have pre
vented it from achieving 
the level of popularity of 
its audio counterparts. 
CDVs, whichare30centi
meters in diameter, are 
bulky in comparison with 
audio CDs, and they store 
only one hour of video
much too short to play a 
feature length movie. Also 
manufacturing difficulties 

purple aliens built like garden slugs 
who like to use their amazing "Blow
Up-The-Whole Universe" beams to 
burn mysterious circles in cornfields. 
In truth, however, most lasers in use 
today couldn't even warm your coffee. 

Laser light is more intense than 
regular light,however, because all the 
photons in the beam oscillate at the 
same frequency (thus it is monochro
matic, or one color), and all the oscilla
tions are in phase, or coherent. These 
properties cause the light to interfere 
-constructively and destructively
when reflected back upon itself. Thus, 
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your life. The CD's superior sound 
reproduction has, in only 10 years, 
made the vinyl LP a dinosaur and chal
lenged the venerable cassette tape. 

What is a CD anyway? Basically 
it's nothing more than a "reflective 
substratum overlaid by a protective 
layer of polycarbonate plastic," con
taining all the data necessary for your 
stereo to beautify Beethoven or add 
volume to the Violent Fe1nmes. The 
data is stored on the shiny layer as a 
sequence of ones, representing flat 
spots, and zeros, representing pits with 
depths equal to one-quarter the wave-

occur in the production of larger discs; 
and errors - such as those caused by 
dust particles, small scratches and 
manufacturing defects - are difficult 
to find and correct. These complica
tions, as well as the fact that no set 
standards exist to guide manufactur
ers, have held back the CDV. 

Lasers and compact discs are also 
used in computers. CD-ROM, or Com
pact Disc Read-Only Memory, is the 
latest in computer storage. Although 
no data can be written to these discs by 
the consumer, they allow data to be 
stored in a much denser format than 



standard floppy disks and hard drives. 
The compact disc takes the computer 
to a new level of entertainment and 
power. 

Lasers and Holograms 

The hologram is perhaps the most 
exciting thing to happen to visual en
tertainment since, well, at least since 
the final episode of M* A *S*H. To put it 
simply, a hologram is a three-dimen
sional image stored in a two-dimen
sional picture. These images are so in
credibly real that the viewer is often 
tempted to reach out to touch them 
(but don't ... people point and laugh 
when you do). 

With the right equipment, a basic 
hologram is fairly easy to produce. 
First, an object or scene is illuminated 
with pure laser light. Then very high 
resolution film is exposed to both the 

light reflected from the object and the 
light from the source (the reference 
beam). In this process, the overlapping 
light waves set up interference pat
terns on the film. When developed and 
re-exposed to an identical reference 
beam, the film diffracts the light in the 
same patterns as were used to expose 
it. Thus, an image of the object is recon
structed, and the 3-D image appears to 
hover in midair behind the film. Other 
holograms, such as those used on some 
credit cards, may be formed without 
using laser light to reconstruct the im
age, but it is a slightly more compli
cated process. 

Many special effects can be pro
duced through holographic photogra
phy. In one common procedure, the 
photographer takes many holographic 
pictures of an object, moving the film 
and slightly adjusting the position of 
the subject between each one. These 

holograms are arranged so that their 
images overlap, and then another ho
lographic picture is taken of the result
ing image. This produces a hologram 
that appears to move as the viewers 
change their viewing angles. A ghostly 
head, for instance, could appear to turn 
and watch you walk by, or a man could 
seem to be running next to you. 

A research group from Massachu
setts Institute of Technology has fig
ured out a way to produce holographic 
movies. These researchers use a super 
computer to calculate what the image 
of a scene programmed in its memory 
should look like, one frame at a time. 
These video signals are sent to a special 
microphone which, in turn, sends sonic 
vibrations through an accousto-optic 
crystal. This type of crystal is able to 
change its index of refraction - the 
degreetowhichitbendslightwaves
as a function of the frequency with 
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which it vibrates. Then, while 
laser light illuminates one side 
of the crystal, the crystal is 
exposedtotheencodedsound 
waves from the computer, 
and a ghostly, moving, 3-D 
image appears in space on 
the other side. Years from now 
this technology may be re
produced in our living rooms 
at home. 

Laser Light Shows 

Laser light shows are 
popping up all over the coun
try as perhaps the most inter
esting and hypnotic use of 
lasers today. During a light 
show, the audience sits in a 
darkened room and gazes at 
vibrant patterns or animated 
figures traced out with lasers 
on a screen, often accompa
nied by music. 

In light shows, only three 
laser beams are necessary to 
produce the myriad color combina
tions that dance before the audience: 
one red, one blue and one green. The 
beams are first reflected off an oscillat
ing mirror- the mixing mirror- that 
combines the three beams into an infi
nite range of tones and rainbows. This 
mirror is manually controlled by the 
operator, who adjusts the oscillation 
rate to produce different colors or color 
patterns for the images on the screen. 

After the beams are bounced off 
the mixing mirror, they are reflected to 
another, computer controlled mirror. 
This creates the swirling spirals and 
other patterns the audience sees dur
ing the show. This mirror moves so fast 
that the single points of laser light are 
blended together by the brain and per
ceived only as graceful curves traced 
through space. 

Other effects may also be used to 
enhance a laser show. Fog or smoke 
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be used for viewing 3-D ani
mation if an image is traced 
out on the screen twice- once 
in red and once in blue. When 
viewers wear the red/blue 
glasses, two images appear as 
one three-dimensional object. 

Walt Disney World is also 
dazzling its patrons with la
sers. To celebrate its 20th anni
versary last year, Disney World 
fashioned an ongoing light 
show extravaganza called 
"SpectroMagic." The 20-
minute parade includes holo
grams and flickering laser-lit 
screens, as well as the standard 
Disney floats. The special ef
fects are controlled by two com
puters,located under the street, 
that communicate with the 37 
floats through radio waves. 

Someday we may be able 
to get laser effects like this in 
our homes. Years from now, 
through holographies, you 

Illustration by Denese Sanders b bl h may e a e to sit at t e news 
illuminates the laser beam and opens a 
whole new dimension for special ef
fects. As a result, the actual beams of 
the lasers show up as they streak 
through the room, and appear to hang 
in midair. Also for various different 
effects the lasers can rotate, and more 
complex shapes can be introduced. 
Standard 3-D glasses can sometimes 

desk with Dan Rather - in your own 
living room. Add a little surround 
sound to the digital audio, and you 
could be heading for cover during the 
latest action movie. Orwhyjustwatch? 
In laser video games you could one 
day pit your physical prowess against 
three-dimensional flying turtles and 
the evil koopas in "Super-Ultra-Better-

See Entertainment, page 19 
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oday lasers are used in almost 
every facet of the medical world, 
from treating cancers, to 

neurosurgery, to removing corns and 

lu • 
I t 

the pulse is much shorter than the gat
ing. This allows the laser to attain a 
power level five to 100 times greater 
than the maximum output of a CW 
laser. 

The wavelength of the beam is 
determined by the active medium. Al
though lasers may use various medi-

• • 

m nt 
enables the beam to maintain its highly 
directional and coherent nature, thus 
the energy leaving the arm is optically 
unchanged from when it entered. This 
system can also accommodate any la
ser wavelength. The articulated arm is 
not ideal, however, because the tubes 
are rigid, forcing the system to rely on 

the mirrors for flexibility, but 
the mirrors can become mis
aligned from bumping or jar
ring. 

The second basic type of 
delivery system is fiber optics 
- thin, flexible tubes that can 
carry optical energy to virtually 
any part of the body. This is 
much less expensive and easier 
to use than the articulated arm. 
Unlike articulated arms, 
though, they can only carry en
ergy in the visible and near
infrared portion of the electro-

plantar warts. Despite the re
cent increase in publicity about 
the many applications oflasers 
in medicine, however, laser 
surgery is not a new science. In 
fact, lasers have been used in 
surgery since the early 1960s, 
when doctors first used a ruby 
pulse laser to repair peripheral 
retinal damage. Since then, 
many advances have been 
made in laser research and la
ser surgical techniques. Now 
more than one million medical 
procedures are done each year 
using lasers. 

Lasers are ideal therapeu
tic tools because the radiant 
energy from light interacts with 
the tissue to cause either bio-

At the U opthalmology clinic, Dr. Read McGehee and magnetic spectrum, limiting its 
use with carbon dioxide lasers. senior medical student Andrea Janousek demon-
Also, the beam loses coherence strate the use of an argon laser that can treat Diabetic 

Retinopathy and other eye conditions. as it travels along the fiber, so 

logical, photochemical or thermal re
actions- depending on the duration 
and wavelength of the beam. Two ba
sic modes of operation, continuous 
wave and pulsed, control the beam's 
duration. In CW mode, the laser oscil
lates constantly, delivering a steady 
stream of power to the tissue. Most 
CW lasers are not operated continu
ously, but rather in "doses" of energy 
delivered to the tissue, lasting a mini
mum of 10 milliseconds. This is called 
"gating." Lasers in the pulse mode 
operate similarly, but the duration of 

urns which emit thousands of wave
lengths, most are unsuitable for surgi
cal use. The three types commonly used 
in practice today are carbon dioxide, 
argon and Nd:YAG (neodymium: yt
trium-aluminum-garnet) lasers. De
pending on the type of laser, a doctor 
can use it to either shrink, cut or com
pletely vaporize body tissue. 

Three basic types of delivery sys
tems are used to guide the beam to its 
final destination. The first is the "ar-
ticulated arm," which is a series of 
hollow tubes and mirrors. This system 

the beam can only be focused to 
the diameter of the fiber itself. 

To control the laser beam during 
surgery, doctors use devices called 
"micro manipulators" that enable the 
user to manipulate the laser beam over 
tissue. The devices are "joystick" con
trolled mirrors that reflect light either 
from the laser itself or from one of the 
other two delivery systems. 

Laser surgery has a number of 
advantages over traditional surgical 
practices. First, lasers are extremely 
precise, leading to less swelling and 

See Surgery, page 19 
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n March 23, 1983, Ronald 
Reagan gave a speech introduc
ing the nation to the Strategic 

Defense Initiative, designed to protect 
Americans in the event of a nuclear 
attack. Key elements of SDI were based 
on laser technology. In the event of a 
nuclear attack, space- and ground
based lasers would be used to annihi
late Soviet intercontinental ballistic 
missiles, or ICBMs, at various stages 
along their routes toward the United 
States. 

Since then, the world's political 
climate has changed drastically. Com
munism has crumbled on virtually a 
world-wide scale, and many of our 
long-time adversaries are no longer 
considered dangerous to our national 
security. The threat of a nuclear attack 
seems distant. This change in world 
politics has called into question the 
need for a large-scale laser-based 
nuclear defense system. These events, 
along with the recent recession, have 
led to cuts in military spending, in
cluding the termination of military SDI 
laser testing. Nevertheless, some of the 
more minor laser technology associ
ated with this program is now used in 
the military for other projects. 

Laser Development for SDI 

SDI' s original focus was on laser
based anti-missile defense systems. 
These systems are better known as di
rected-energy weapons. Two types of 
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mili 
DEWs have been the center of atten
tion in SDI research: the hydrogen fluo
ride chemical-based laser and the free
electron laser. 

The hydrogen fluoride chemical 
laser is the older of the two types of 
DEWs. This space-based DEW - un
der development for nearly 20 years
utilizes the combustion of hydrogen 
and fluorine, which produces a high 
energy, excited hydrogen fluoride. An 
optical resonator then converts the 
hydrogen fluoride into a laser beam. 

The HF laser has a major advan
tage over other DEWs, because it can 
deliver large amounts of energy to its 
target. Some scientists believe that the 
development of a 5 megawatt laser 
with a brightness of approximately 
1019 watts/square-radian could be 
possible in the next few years. To put 
this in perspective, a 20 MW laser with 
a brightness of 2.2 x 1020 WI sq-rad is 
thought to have the intensity neces
sary to kill a missile. 

Two significant problems, how
ever, faced researchers developing the 
HF laser. First, the lower atmosphere 
easily absorbs light of wavelengths 
around 2.7 micrometers- the wave
length at which the HF laser lases. 
Thus, the laser cannot destroy targets 
below altitudes of 40,000 feet. Second, 
the materials that compose the mis
siles have a strong tendency to reflect 
radiation of wavelengths similar to 
those of the HF laser. This makes kill
ing a missile using this laser much 
more difficult. 

The HF laser has other disadvan
tages as well. This laser needs a large 
amount of chemical fuel containing 

hydrogen and fluorine in order to func
tion properly. Transporting such large 
amounts of fuel to the orbiting laser is 
a cumbersome and difficult task. The 
laser also needs large mirrors that can 
withstand and direct great amounts of 
energy to far away targets. Developing 
such mirrors would be a lengthy and 
costly process. 

The second type of DEW, the free
electron laser, consists of three main 
components. The first is the accelera
tor, which is similar to those used in 
high-energy physics experiments. It is 
used to accelerate electrons, causing 
them to emit radiation. The second 
component - called a "wiggler" -
uses a strong magnetic field to direct 
the radiation from the accelerator to 
form a laser beam. The final compo
nent is an output mirror that directs 
the beam out of the laser. 

The PEL has two advantages over 
the HF laser. First, the PEL is an effi
cient system - the accelerated and 
"wiggled" electrons can be recycled 
backwards through the accelerator, 
producing a radio frequency field that 
is used to accelerate the next group of 
electrons. Also, the wavelength of the 
FEK can be "tuned" over a wide range. 
This means that a wavelength could be 
chosen that would direct the maxi
mum amount of energy at a target. 
And unlike the HF laser, the PEL could 
function effectively - if the wave
length were adjusted- in lower atmo
spheric levels. 

Today, the PEL is in the early stages 
of development. Many logistic and 
engineering problems have to be solved 
before this system can be fully devel-



oped. Although the FEL can deliver 
several megawatts of power in a single 
pulse, researchers are now looking for 
ways to sustain that power for a longer 
period of time. Also, scientists are un
certain whether to develop a ground
based or a space-based FEL system. 
They are still evaluating the costs and 
difficulties of both projects. 

Unmanned Cargo 
Ship 

Station 

a nuclear war seems considerably less 
then they were five years ago. Because 
of these events and dwindling funds, 
Congress cut military spending, and 
the Energy Department discontinued 
SDI X-ray laser funding. 

The cuts in military funding have 
forced a re-evaluation of which type of 
nuclear defense system -laser or non-

Illustration courtesy of the New York Times Company 

An illustration of a theoretical support system for the deployment and 
maintenance of Star Wars anti-missile weapons in the United States. 

Restructuring SDI 

In recent years, many politicians 
have been asking whether such a large
scale defense system is necessary to 
disable ICBMs. With the breakup of 
the Soviet Union, the collapse of the 
Warsaw Pact, and the reaffirmation of 
nuclear reduction treaties between the 
United States and Russia, the threat of 

laser- should be emphasized. The 
laser DEWs have two major drawbacks. 
Not only are they very expensive to 
develop, but it could take up to 20 
years for any significant progress to be 
made. Because of these faults, an in
creasing amount of funds are being 
allocated to the improvement of non
laser, kinetic-energy defense we a pons. 

Kinetic-energy weapons, also re-

ferred to as kinetic kill vehicles, are 
rockets that collide with the enemy's 
ICBMs. The concept behind KKVs is 
similar to that of the Patriot missiles 
used in the Persian Gulf War to de
stroy incoming Iraqi surface to surface 
missiles - or SCUDs -but KKVs 
have more complex computer hard
ware and thrusters than the Patriot 
missiles. 

KKVs are relatively inexpensive 
compared with DEWs, and have the 
potential to be operational in three to 
five years. Although by themselves 
they will likely never have the capabil
ity to repel a full-scale nuclear attack, 
five years from now they will probably 
be capable of completely defeating a 
minor attack. These characteristics 
make KKVs appealing to some SDI 
authorities. 

Laser Technology after SDI 

The cuts in governmental SDI 
funding for the development of DEWs 
have not completely stopped the re
search of lasers throughout the mili
tary. The individual branches of the 
military sometimes use their private 
funds to develop specific laser weapon 
research for their own purposes. Some 
of these applications include guidance 
and imaging devices, communications 
systems and ray guns. 

Laser-guided weapons have been 
around since the Vietnam War, but 
new technological advances from 
weapons research have led to the de
velopment of more precise and com
pact guidance technology. Hand-held 
guidance devices, for example, were 
used extensively by U.S. troops during 
the Persian Gulf War. Also, ground 
forces used a rifle-like laser to illumi
nate enemy targets at a distance of two 
to three miles, guiding "smart bombs" 
and missiles fired from air support or 
other ground forces. 

Increased laser precision has 
helped researchers develop imaging 
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systems for Air Force fighters and 
bombers. One new imaging system 
generates two- or three -dimensional 
images of the ground area just ahead of 
the aircraft, transmitting and reflect
ing laser pulses off the target area. The 
reflection of the laser is gathered by an 
optical sensor, and the image is pro
cessed and stored in a computer. The 
computer compares that image to the 
images it has in memory, then locates 
vital targets and guides missiles or 
bombs into the targets. 

The military also uses lasers to 
enhance communication. A two-way 
communication system for aircrafts has 
been created using low-power lasers. 
The laser medium for communication 
offers many advantages over its con
ventional counterparts. First, it is se
cure - it cannot be picked up by en
emy aircraft, because the laser acts as a 
closed telephone line. Also, it is jam 
resistant- the laser signal cannot be 
interfered with like radio waves can. 
Finally, it is not detectable by conven
tional means. Present methods of com
munication can be detected by enemy 
systems, limiting communication in 
stealth missions. These detection meth
ods, however, willnotdetectlasercom
munication. 

Ray guns, commonly known as 
"dazzlers," are a third use for lasers in 
the military. Ray guns are laser weap
ons that are fired at enemy troops or 
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aircraft in order to temporarily blind 
them. The information on dazzlers is 
limited for security reasons, but some 
believe they are low-powered (10-100 
watts), argon-based lasers with ranges 
of one to two miles. Newer, more pow
erful ray guns are thought to be under 
development with the use of us DEW
and other laser weapons-related re
search. These new weapons may be 
powerful enough to permanently blind 
enemy troops. 

Although laser research programs 
are facing major funding cutbacks, la
sers have proved useful in times of 
peace and war. With private laser re
search continuing in the military de
spite the cuts in government funding, 
more military laser applications will 
likely be discovered. 000 
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waves. Typical crystals are normally dinitrobenzoic acid were mixed to form 
made up of several two-dimensional a cocrystal. Since the cocrystal has a 
layers. Each sheet is positively charged combination of two materials, its hy
on one end and negatively charged on drogen bond patterns are easier to pre

group of chemists at the Uni- the other. When the sheets are placed diet than the homogeneous bonds of 
versity has discovered a way to one on top of the other, the opposite the unnatural structure of a typical 
enhance the performance of la- charges attract. Thiscausesthecharges crystal. Knowing this, Etter and 

sers by using crystals. Optoelectronics of each layer to alternate, forming a Frankenbach chose molecules that 
increases the frequency range oflasers non-polar crystal. To form the special naturally connected, via hydrogen 
by controlling the formation of crys- crystal, however, Etter and bonding, toformcrystalswithnosym-
tals. Frankenbach developed a technique metrical center in their structure. 

The recently deceased Professor that causes the sheets to be layered on This patented technique is giving 
M. C. Etter and her research team de- top of each other with all positive scientists the ability to control differ
veloped a procedure that allows con- charges at one end and negatives at the ent aspects of crystal packing patterns 
trolledcry~~packing ~~~~~~~~~~~~~~~~~~~~~~~~ thatcouldbeuse~linthe 

and the design of fre- further development ofla-
quency-doubling crys- sers and broaden the grow-
tals. ing field of optoelectron-

Thesespecialcrys- ics. 000 
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tals increase the fre
quency range of lasers 
by converting light of 
one rate of wavelength 
to light with twice that 
wavelength, a phe
nomenon known as 
second-harmonic gen
eration. In developing 
a substance that can 
produce frequency 
doubling, the ability of 
single molecules to 

This crystal was formed by hydrogen bonding, a technique causing 
all positive charges to gather at one end and all negatives at the 
other. 

Harris, Kenneth D.M., and Mark 
D. Hollingworth. "Losing sym
metrybydesign." Nature, 1989. 

hyperpolarize is important. The ar
rangement of a crystal that produces 
second-harmonic generation must be 
acentric- without a central symme
try. The resulting crystal looks like a 
pyramid with the tops of each section 
sliced off. 

The material used to build this 
unique crystal must also have the abil
ity to phase-match and absorb light 

other. 
The hydrogen bond is the funda

mental component which makes these 
peculiar crystals possible. Bonds are 
responsible for the structure of crys
tals, as well as molecules and com
pounds. When elements change, the 
bonds change, forming a new struc
ture. In Etter's research two molecules, 
4-aminobenzoic acid and 3,5-

Huang, Kin-Shan. Personal inter
view. June 24, 1992. 

MacDonald, John. Personal interview. June 24, 
1992; July 1, 1992. 
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nits never ending search to find 
smaller, faster, and more "intel
ligent" processors, the computer 

industry has consistently turned to new 
advances and improvements in elec
tronics. Recently, however, computer 
scientists have been attracted by the 
increased efficiency, speed, and 
economy made possible through the 
use of optics in computer operations. 
Already optics have made their way 
into the computer industry in the form 
of optical storage disks, fiber optic com
munications, and optical processing 
systems. 

Optical Storage 

Optical storage disks operate the 
same way as audio compact discs. A 
laser reads tiny pits and peaks - rep
resenting digital data- set in the disk, 
and then recreates the original music, 
graphics or text. Optical disks have a 
storage capacity ranging from one-half 
to 10 gigabytes- about two to five 
times greater than that of magnetic 
disks, which are also slower and more 
expensive. 

There are three basic types of opti
cal disks: the CD-ROM (compact-disc 
read-only-memory), in which all the 
information is pre-recorded by the 
manufacturer and cannot be changed 
by the user; WORM disks (write once, 
read many), on which data can be re
corded but not erased; and erasable/ 
rewriteable disks that can be written to 
and erased many times. WORM and 
erasable/rewriteable disks are very 
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useful for archival purposes in profes
sional and industrial settings, but they 
are currently too expensive to be prac
tical for personal computers. 

The CD-ROM, on the other hand, 
is relatively inexpensive. For this rea
son there is a consumer market for it in 
the desktop computer industry. CD
ROM can replace entire reference books 
- such as dictionaries and entire sets 
of encyclopedias - with only one or 
two compact discs. Additionally, mul
timedia CD-ROMs not only save time 
and shelf space, but may also provide 
animated illustrations or video clips 
on a subject, and even play a country's 
national anthem. 

Optical Processing 

One of the newest matings of op
tics and computers is the "optical com
puter," which replaces electrons (par
ticles of electricity) with photons (par
ticles of light) wherever practical in a 
computer. In some instances, light has 
properties that make it more useful 
than electricity. Since photons do not 
interact with one another the way elec
trons do, light beams don't interfere 

with one another when they cross in 
space. Also unlike electrons, photons 
do not need be confined to a carrier, 
such as a wire, in order to travel from 
one place to another. Therefore, many 
more input and output connections 
are possible with optics than with elec
tronics. Electronics are necessary, how
ever, to get information off the light 
beams. 

Optical computing may take com
puter efficiency to new heights. From 
its large memory capacity and perma
nent storage capabilities to its rapid 
processing, this innovative technique 
makes interfacing much easier. This is 
indeed the computer age of enlighten
ment. 000 
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Than-Ever" Mario Brothers. 
... But until then, turn on a CD, lean back and enjoy the 

wonders of laser entertainment today. 000 
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scarring because the incisions are smaller and less trau
matic to the tissue. Second, there is less risk of infection with 
lasers because the extreme heat of the beam sterilizes as it 
moves through tissue. Third, the laser beam seals and 
cauterizes blood vessels as it passes through them, result
ing in minimal blood loss. 

Laser surgery has come a long way since the 1960s, and 
the benefits are increasingly apparent. One day perhaps all 
surgery will be performed with lasers. 000 

Sources: 
Berkman, Sue. "Laser Surgery: What Doctors Can Do Now." Good House

keeping, Nov. 1991. 

Carruth, J.A.S. and A.L. McKenzie. Medical Lasers: Science and Clinical 
Practice. Adam Hilger Ltd., 1986. 

Fuller, Terry A. Surgical Lasers: A Clinical Guide. Macmillan Publishing 
Company, 1987. 

Joffe, Stephen N., and Yanao Oguro. Advances in Nd:YAG Laser Surgery. 
Springer Verlag, 1988. 
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1scover 
the 

difference! 

You're an individual. You're 

special. And you don't want 

to fit yourself into a cookie 

cutter organization. 

You're looking to join a 

team that can maximize 

the talents that make 

you unique. And 

Amoco is looking for you. 

Because at Amoco, it's 

the differences that bring 

us together. Like the diverse 

aspects of our global 

enterprise: from oil production 

fieldwork to the most sophisti

cated engineering, to the challenges 

of new product development. 

Or the diverse talents of 

our people: from geologists 

exploring new frontiers 

to information systems 

experts devising 

new technology. 

It all adds up to a stimulating, 

interdisciplinary environment where 

you can make the most of your 

skills and creative energy. A place 

where you can contribute to vital 

needs like energy and the 

environment. 

Amoco Corporation 
Explore the possibilities. 
An equal opportunity employer. 
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of life. 

(800)877 -5833 
for information 
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Welcome to 
Boynton Health Service 

Our clinics specialize in student health care 

.... General Medical and Specialty Clinics -
With short waiting time when seen by appointment 

-Urgent Care Clinic-
Walk-in care for accidents and other emergencies 

-Women's Health Clinic .... 
For annual exams and birth control consultations 

.... Mental Health Clinic-
With services for individuals and groups, plus crisis care 

.... Eye Clinic-
With 30%-50% savings on designer eyeglass frames 

- Preventive Medicine Clinic .... 
For allergy shots, immunizations, nutrition consultations 

.... Dental Cline-
With discounts on annual exams including x-rays 

.... Pharmacy-
With savings on prescriptions and over-the-counter medications 

- Boynton also offers laboratory and x-ray services, chemical health counseling, 
travelers' immunizations, health education classes, weight management, 

confidential HN testing and counseling, basic pediatric care, and more. -

Boynton is convenient!~ located on both campuses 
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Boynton Health Service 
410 Church Street SE 
625-8400 

St. Paul Campus 
109-111 Coffey Hall 
1420 Eckles Avenue 
624-7700 

Students who pay the quarterly student services fee receive most services at Boynton 
at no cost and others at reduced cost. 
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ant the perfect baby? Most 
future parents do. They hope for a healthy, 
intelligent and well-behaved child. 

But many parents get more than 
they expected. The child may be fussy, 
hyperactive or a slow learner. Normal 
kids can fast become worries. 

Genetic engineering- the practi
cal application of gene splicing-could 
change all that. Expecting parents could 
end up with exactly what they bar
gained for. But the effect on society 
could be more than any of us pre
dicted. 

Recently, doctors have identified 
genetic defects in embryos only days 
after conception. They removed one 
cell from four- or eight-cell embryos, 
and looked for genes that cause cystic 
fibrosis. The test is the first of its kind 
that can be used to find a single gene. 

The doctors threw away the "de
fective" embryos, and implanted the 
others into the mother. 

A September report in The New 
England Journal of Medicine, stated 
the first child who underwent this test
ing has now been born. The baby, as 
planned, did not have cystic fibrosis. 

Previously, doctors could only 
determine whether embryos had male 
or female chromosomes. They used 
the test to eliminate embryos at risk of 
sex-linked diseases like hemophilia, 
which mainly affects males. 

Although doctors seem to be onto 
something big, nobody is sure exactly 
how far they can or will go. We have no 
real sense of this technology's scope or 
power. 

Perhaps this new practice could 
do a lot of good, if kept in check. Some 
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say a cure for cancer may be attainable 
because of it. But even though this type 
of genetic engineering is a leap in sci
entific ability, it has a side that-in the 
excitement of its discovery - many 
are overlooking. 

A dark one. 
We must control this innovation 

before it drastically changes our soci
ety. 

Even doctors are concerned. "This 
is a glitch on the radar screen of 21st
century medicine,"said Dr. Arthur 
Caplan- director of the Center for 
Bioethics at the University- in The 
New York Times September 24. 

He said it will "fundamentally 
change what we think about abortion, 
reproductive rights and our relation
ships with our own children." 

The technology raises many red 
flags. 

For one thing, the test is expensive; 
the procedure can cost up to $10,000. 
The notion that rich people may be the 
only ones who can afford to engineer a 
perfectly healthy baby could create a 
rift between the rich and the poor like 
no other. 

Also, the definition of disease is 
vague, and can include more than just 
serious afflictions - even allergies 
could conceivably be included in such 
genetic engineering practices. 

And what if it doesn't stop with 
health? 

If a couple wants a perfect baby, 
this technology may eventually enable 
them to craft out their child according 
to a recipe- a dash of this, a dash of 
that. 

by 

Esther Haynes 
Editor in Chief 

Natural human differences would 
gradually diminish. People would be 
more and more alike because they 
could all come from, literally, the same 
molds. 

Specific limits must be made be
fore someone goes too far. A line must 
be drawn between curing serious dis
orders and constructing perfect babies. 

We are stepping dangerously dose 
to a day when "designer" children are 
commonplace and only the poor have 
children with flaws. We have to guard 
against unforeseen and unintended 
consequences of genetic altering and 
counter its drawbacks before it becomes 
disastrous. •:• 
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"Don't ya know it 

really gets me way 

down in the 

solar plexus, 

when I think about 

the differences there 

are between the 

sexes ... II 

- The Limelighters 



By Scott Taschler 
For Minnesota Technolog 

ale vs. Female. Men are 
strong, quiet and sing lumberjack 
songs. Women are sensitive, caring and 
knit mufflers. 

Sex stereotypes like these surface 
in many areas of our lives. Some say 
they are biological truths. Others say 
they are impressed upon us by society. 
Both are partially correct. 

In the beginning ... 

When you get right down to it, the 
difference between men and women 
can be narrowed down to one chromo
some out of 46. Females posses two X 
chromosomes, one from each parent, 
and men have one X (from the mother) 
and one Y (from the father). In females, 
each egg in the ovaries contains one X 
chromosome, but in males half of the 
sperm have an X and the other half 
possess Y. 

The sex of the fetus is determined 
as soon as the egg is fertilized. For the 
first six weeks, however, there are no 
visible differences between male and 
female fetuses. Both possess the prena
tal equivalents of the genitalia for both 
sexes. At around six weeks the gonads 
differentiate into testicles, for males, or 
ovaries, for females. The new organs 
then begin to secrete hormones appro
priate to the sex of the fetus. 

Around the fourth month of preg
nancy, the hormones cause the organs 
extraneous to the fetus to shrink, while 
other organs enlarge slightly. This ex
plains nipples on men's chests and the 
clitoris on women. The hormones also 
cause slight changes in brain structure. 
In women, for example, the corpus 
callosum - the connection between 
the two halves of the brain - is larger 
than that of men. 

Hormones take control 

After prenatal development, males 
and females stay much the same 
throughout grade school. At this point 
there are few dramatic physical differ
ences between boys and girls. Around 
the age of junior high, however, many 
things change. The gonads kick into 
overdrive and begin producing hor
mones -lots of them. Growth spurts 
occur, voices deepen and the thought 
of kissing becomes more and more 
appealing each day. 

Females generally hit puberty 
about two years before males. The sub
sequent growth spurt produces the 
only time span in which females out
size males - making junior high 
dances an awkward affair at best. The 
first signs of puberty in girls manifest 
as enlarged breasts, followed by redis
tribution of fat, growth of pubic and 
armpit hair, and the beginning of the 
menstrual cycle. 

Boys going through puberty expe
rience a deepening of the voice, in
crease in sweat-gland activity, growth 
of body hair and definition of the 
muscles. Less visibly, the skeletal, car
diovascular, respiratory and excretory 
systems become stronger and more 
efficient than those of women. 

With the exception of genitalia, 
there can be great overlap in sex char
acteristics. There are men who are prac
tically hairless, and women who have 
considerable hair growth on the arms, 
legs and face. Some women are flat
chested, and some men have larger 
breasts. This occurs because both sexes 
possess male and female hormones. In 
all people, hormones of the opposite 
sex are present in greatly reduced quan
tities. Different people have different 
levels of susceptibility to hormones of 
the opposite sex. A person's level of 
susceptibility can be inherited from 
the parents. 

After puberty, males are generally 
taller; more muscular and heavier than 
women; and females are smaller and 
possess a greater percentage of body 
fat than men. Although it may seem at 
first that women received the raw end 
of the deal, they have some advan
tages. The excess fat, for example, is a 
storehouse of energy and makes the 
female body more buoyant. In fact, the 
only sport in which women's records 
exceed men's is long-distance swim
ming - of the ten best times crossing 
the English Channel, eight are held by 
women. 

During the middle-to-late years, 
hormonal production decreases. In 
men, this takes the form of a slow, 
steady decline that results in the di
minishing ability to reproduce. This is 
manifested as a decrease in sperm pro
duction and the inability to achieve an 
erection. 

The change is much more dramatic 
in women during those times, when 
hormone levels drop rapidly between 
the ages of 45 and 55. Accompanying 
the drop in hormone levels - called 
menopause - may be dryness of the 
vagina, "hot flashes", insomnia and 
depression. 

Life and death 

Women live longer than men. In 
the United States, the average woman 
can expect to live 77.7 years, whereas 
male life expectancy is 70 years. This 
difference is largely because males are 
more susceptible to many diseases, 
especially heart disease, pneumonia 
and cancer. 

Another reason for the higher 
mortality rate of men is because men 
are more likely to participate in risky 
behavior, such as alcoholism and un
safe driving. Also, more men are in
volved with more hazardous jobs and 
hobbies- such as construction work, 
machine work and hunting. 

November/December 1992 E& Page 5 



Evolutionary selection seems to 
have equipped people withanX-linked 
immunoregulatory gene to help us 
overcome many life-threatening dis
eases. Since women have two X chro
mosomes, they have a double dose 
of this gene and so are better suited 
to cope with many diseases. 

Women, on the other hand, are 
much more susceptible to auto-im
mune diseases. These occur when 
the body contains too much of an 
antibody, causing the body's de
fenses to turn and attack itself. 

Other diseases - called "sex
linked" diseases - are caused by 
genes that are associated with a spe
cific chromosome, either the X or the 
Y. The only "disease" that has been 
shown to be linked to theY chromo
some is hairy ears. The rest- some 
dominant and some recessive- are 
linked to the X. 

interesting difference, though, comes 
in the corpus callosum - the nerve 
bundle that connects the two halves of 
the brain - which as mentioned ear
lier, is considerably larger in females. 

Which pair is 
not congruent? 

c 

chologist at McMasters University, 
hypothesized that "women, as a result 
of such a neurological organization, 
would be less able to dissociate their 
emotional behavior from verbal analy-

sis." She added, "This difference 
does not make one sex superior to 
the other. Different advantages may 
be associated with the integration of 
emotion in the rational process and 
with the independence of both pro
cesses." 

Psychologists have long dwelled 
on the question of which sex is 
smarter. And after much delibera
tion, the answer is neither- there is 
no significant difference between 
male and female intelligence levels. 

Each sex does have its special
ties, however. Men by and large are 
more gifted in spatial aptitudes than 
women. In one test men could more 
easily "lift" a three-dimensional im
age from a page and rotate, invert 
and reproduce it in their minds. In 
tests from trying to hit a point of 
light with a finger to remembering 
the left hand from the right in a split
second, men usually outperformed 
women. 

In general, women are more 
likely to suffer from dominant X
linked diseases than recessive ones, 
since females have twice the number 
of X chromosomes. In males, the Y 
chromosome acts as a sort of "null" 
chromosome, so all the recessive 
genes on the X show up. Some ex
amplesofX-linkedrecessivediseases 
- which are much more common 
than dominant ones - include he
mophilia and certain types of red
green color blindness. 

Courtesy of the American Association 
for the Advancement of Science 

Nevertheless, women generally 
outperform men in verbal tests. They 
excel in tests involving vocabulary, 
spelling and creative writing. And 
even before their first words are spo
ken, females seem to be more able to 
express feelings. 

Gray matters 

Physically, male and female 
brains are very much alike. Female 
brains are typically slightly smaller 
than male ones, which is not surpris
ing considering that males have a 
size advantage to begin with. There 

These are examples of perspective line 
drawings used to test spacial ability. 
(A) A "same" pair, which differs by an 
sao rotation in the picture plane; (B) a 
II same" pair 1 which differs by an sao 
rotation in depth; and (C) a "different" 
pair, which cannot be brought into 
congruence by any rotation. 

is also a difference in the number of 
cells in a small area of the hypothala
mus which, among other things, con
trols the pituitary gland. The pituitary 
gland regulates hormone production 
throughout the body. Perhaps the most 

The two sides of the brain perform 
different functions. The left side is more 
or less in charge of logical thought 
processes. The right side controls cre
ative thought processes. 

Sandra Witelson, a renowned psy-
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There are many different theo
ries on how these differences have 
come about. Imagine our primitive 
ancestor Crom A. Gnonman as he 
scurried about, spear in hand, hunt
ing for his evening meal. If Crom 
had better depth perception and spa
tial abilities than his neighbor, N ean 

D. Thall, he had a better chance at 
getting a meal and surviving. Thus, 
natural selection may have "filtered 
out" the males with less spatial ability. 

Similarly, as women were left 
home to gather, raise families and de-



velop the basics of medicine and other 
sciences, it was likely an advantage to 
possess good communication and ra
tionalization skills. 

Tempering stereotypes 

Many stereotypes exist about the 
temperament and general personali
ties of men and women. Society por
trays men as dominating and distant, 
keeping feelings bottled up. Females, 
conversely, are stereotypically submis
sive, more timid and more willing to 
reveal information about their lives. 
Some of these stereotypical traits are 
biological and some are just plain balo
ney. 

Males certainly commit more ag
gressive acts than females - 30 per
cent more, in fact. This imbalance is 
found not only in humans, but also in 
much of the rest of the animal king
dom. In deer and other hoofed ani
mals, the male is equipped with large 
horns-tailor-made for fighting. Also, 
male dogs have stronger jaws than fe-

Females can certainly be as 
aggressive as males, but they tend 
to express it less directly. Many 
more females than males attempt 
suicide. Women are more likely 
than men to glare at someone 
cutting into line in front of them, 
and in an informal poll, female
bathroom graffiti was found to 
be more hostile than male-bath
room graffiti. All of these are more 
or less anonymous methods of 
expressing aggression - they 
avoid actually bringing another 
person into the conflict. 

Other stereotypes have very 
little basis in reality. There is very 
little or no sex-related difference 
in passivity or dependency. 
Women do tend to show more 
outward signs of affection, how
ever, and men often use playful-

Illustration by Melissa Mendoza ness to show caring. 

males. Some say that this is evidence 
that males are "born to be bad." 

Studies involving injections of tes
tosterone - a hormone dominant in 
males- have linked the hormone to 
aggressive behavior. In studies on chil
dren, boys remember more explicitly 
violent scenes from movies than girls. 
This difference may not be entirely 
brought about by biology, however
it can be accentuated by social expecta
tions of how boys and girls should 
behave. 

In the end ... 

So what does it all mean? Cer
tainly men and women have very dis
tinct differences, but perhaps they are 
not as different as they think. These 
days, modern science is closing the 
life-span gap, and social pressures are 
causing traditional male and female 
roles to overlap more and more. 

These diminishing differences 
bring to mind a quote from British 

See Sexes, page 22 
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By Alice Chen 
Technolog Staff Writer 
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n 1986 Gordon Hanson had a 
dream. What the world needed, he 
thought, was a reliable tool that mea
sured neck movement in patients suf
fering from neck pain. And he would 
be the one to help build it. 

By the time the dream was real
ized two years later, Hanson~ presi
dent of Performance Attainment Asso
ciates-haddesignednumerousmod
els, turned his home into an assembly 
line and spent hours standing in front 
of people with a plastic apparatus 
riding high on his head. The Cervical 
Range of Motion Instrument was in
troduced. And the medical world was 
better off. 

In early 1988, Hanson teamed up 
with researchers from the University's 
Department of Physical Medicine and 
Rehabilitation to develop the CROM 
Instrument.. Hanson, along with Di
rectorofPhysical Therapy Jack Allison 
and Educational Coordinator Corinne 
Ellingham, looked at different devices 
that measured neck movement. They 
took the best qualities from each and 
added innovations of their own. 

The team - which included the 
now-retired consultants and associate 
professors James Pohtilla and Marvin 
Lepley- produced nearly fifty alter
ations of their original prototype. The 
final product, the CROM Instrument, 
emerged in October 1988, and two pat
ents were granted for the invention. 

The _CROM Instrument uses grav-
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t 
ity and magnetism, instead of the 
hands, to measure neck movement
making it a more reliable source for 
measurements. The CROM headgear 
sits on the bridge of the nose and the 
ears of the wearer, like scaffolding for 
the head. A Velcro strap makes sure 
the instrument stays in place. Two de
vices, called inclinometers, use gravity 
to get measurements and are set into 
CROM' s co-polyester frame. The incli
nometers lay against the wearer's fore-

head and left upper temple. An arm 
sleeve located on the uppermost part 
of the forehead holds one of two at
tachment "arms" of the tool. The "rota
tion arm" carries a true compass, and 

• 
I 

the magnetic navigator inside the arm 
measures neck movement as wearers 
turn their heads left and right. The 
second arm measures the forward and 
backward gliding motion of the neck. 
A magnetic yoke around the neck pre
vents the metal in the equipment from 
distorting the readings of the compass. 

The benefits 

There are several tools on the mar-

Illustration by Denese Sanders 

ket for measuring neck motion, but 
until CROM there was no objective 
way to measure progress in treating 
neck patients. Previous devices were 
not very accurate, making it difficult to 



use as a basis for treatment. Using the 
precise readings from CROM, how
ever, a third-party payer can docu
ment the patient's progress. 

CROM also helps motivate pa
tients. With concrete numbers from 
CROM, patients have goals to aim for. 
They can see their progress as the read
ings show more range in neck motion. 
Such improvements can give patients 
a sense of achievement. 

Also, CROM improves communi
cation among physical therapists, oc
cupational therapists and physicians. 
The numerical results can be easily 
understood by health-care profession
als not directly involved with patient's 
therapy. The invention improves com
munication between doctors and pa
tients as well- something many of us 
appreciate when we are on the exami
nation table. 

Currently Ellingham and Allison 
are researching the instrument's appli
cation potentialamongtheelderly. The 
researchers may adapt CROM for use 
on an older population. 

Photo by Andrea Murrill 

Dream fulfilled 

These days, with a CROM Instru
ment firmly attached to his head, 
Hanson and his daughter Amy attend 
various trade shows and conferences 
to market the device. The invention 
has sold well, according to Hanson. 
Approximately 1,500 CROMs have 
been sold, at a price of $445 each -
inexpensive compared to the market 
prices of many medical systems and 
apparatuses. 

The success of the CROM Instru
ment led to a variation named Back 

The CROM Instrument uses 
gravity and magnetism to 
accurately measure neck 
movement. 

Range Of Motion Instrument, which 
became available in 1990. A similar 
product design measures ankle range 
of motion. 

Innovations like CROM have ex
panded the field of rehabilitation engi
neering. The ability to design equip
ment that transforms previously sub
jective data into the objective is a step 
toward better treatment and perhaps a 
faster recovery. CROM has it all: reli
ability, dependable results and adapt
ability. So when you get annoying stiff
neck pain, don't be surprised if the 
doctor or therapist puts bizarre-look
ing glasses on your head. It's CROM to 
the rescue. •:• 
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ATs, college applications, inter
views, campus tours and acceptance 
letters are all part of a process most 
American high-school seniors must go 
through when seeking admittance into 
universities across the country. 

Once these obstacles are overcome 
and they've chosen a school, students 
are faced with new concerns. Registra
tion, part-time jobs and rising tuition 
are just a few- all of which can make 
it tough to keep in mind the benefits of 
attending an institute of higher learn
ing. 

Before complaining too much 
about these stumbling blocks, consider 
what students in China must go 
through if they want to become an 
engineers. Doing so might just put 
quarterly registration hassles into a 
different perspective. 

Testing into your career 

A Chinese student cannot choose 
to be an engineer- he or she must be 
chosen for that career field. The Chi
nese government assigns students to 
the fields in which they are most adept, 
based on a rugged battery of entrance 
exams. The tests assess skills in geom
etry, English, physics, chemistry, math
ematics, and world and Chinese his
tory. 

For students who hope to study a 
technical field, scores on math and sci
ence exams must outweigh other 
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strengths and be comparable to or bet
ter than the scores of their peers. This 
initial struggle may be quite difficult to 
overcome. If the government informs 
someone that he or she is suited to 
study languages, that person studies 
languages, no matter how much he or 
she really wants to. 

With this system, the Chinese gov
ernment tries to ensure a suitable num
ber of people in every occupation, with 
no overpopulation in a single career 
field. Also, the government hopes that 
the workers in each occupation will be 
the best available. 

Change in attitude toward 
engineers 

Chinese engineers face different 
economic and social conditions than 
engineers in the United States. 

Unlike in this country, money is 
not a large incentive for engineers in 
China. Until1985, engineers made no 
more than the average skilled worker, 
such as an ironworker or craftsman. 
Today the Chinese government has 
made it possible for engineers to get 
second and third jobs. Taking advan
tage of this opportunity, some Chinese 
engineers have been able to increase 
their income by as much as tenfold. 

This salary raise, however, brings 
added responsibility to those benefit
ing. It is not politically correct, as a 
Chinese citizen, to desire too much 
money or to get too far ahead of your 
countrymen. Thus they are expected 
to share with their fellow countrymen 
and the parent companies which em
ploy them. It is also common for a 

wealthy engineer's taxes to rise, but 
complaining too much can get the en
gineer into trouble. 

Engineering in China is not so pres
tigious as it is in the United States. 
Traditionally, engineering has not been 
respected as an intellectual profession. 
For much of China's history, the schol
ars who achieved high status for their 
studies were those studying intangible, 
theoretical subjects. People became fa
mous for their work in philosophy, 
literature, languages and politics -
not technical areas. Since the engineers' 
work had practical, real-world appli
cations, it was thought of as physical 
work, no better than that of a skilled 
laborer, and undeserving of respect. 

A reversal began when the coun
try was opened to Western technologi
cal influences in the late 1970s and '80s. 
It is no coincidence that elevation in 
prestige and status accompanied a time 
when engineers could "freelance" and 
increase their incomes. The capitalistic 
influence gave all people with practi
cal skills the opportunity to make 
money and climb up the social ladder. 
An intelligent engineer could enhance 
his or her image with a combination of 
shrewd business moves and techno
logical knowledge. 

This advancement, however, has 
its disadvantages. Many Chinese 
people today are entranced by what 
they consider the "American way"
working just as hard spending money 
as earning it. Yet traditionalists still 
exist who hold the ideas of thrift and 
humility in high regard. Successful 
engineers must deal with these con
flicting pressures. 



Improving incentives 

For Chinese students 
who feel a patriotic urge, the 
field of science and technol
ogy offers an incentive to fur
ther the country's goals, par
ticularly those of moderniza
tion. An important part of 
China's 1978 decision to al
low more of its students to 
study abroad was its recog
nition that students were in
tegral to modernization, par
ticularly those enrolled in 
technical disciplines. With 
major contributions from 
leading engineers and scien
tists, China felt that it could 
reach its full potential as a 
world power. 

As an incentive for re
search and to raise morale, 
the government has made at
tempts to improve working 
conditions and change gen
eral attitudes about technical 
fields. T. David McDonald, 
in his book The Technological 
Transformation of China, dis
cusses how and why the gov
emmentis working to change 
attitudes: 

Before, the scientific and 
technical community went unnoticed 
and unrewarded, indeed, often ostra
cized. Now researchers are held in es
teem and exhorted to bring into full 
play their talents as a means of increas
ing production and stimulating mod
ernization. By promoting the impor
tance of scientists, researchers, and 
technicians, the central government 
hopes to raise the consciousness of the 
society as a whole. 

With these efforts, it seems that in 
China the scientific and technical com
munity is a good place for those who 
feel a strong pull for ideological be
liefs. 

The search for efficiency 

In the United States, if someone 

has the desire to become an engineer, 
or anything else for that matter, he or 

See China, page 22 
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By Wade Petrich 
For Minnesota Technolog 

he work force that 
today' s engineering students 
are entering is vastly different 
from the work force of the 
generation before them. With 
both the positive progression of 
technology and the recessive 
state of the economy, not only 
have jobs and fields available to 
engineers changed, but also the 
way those jobs are performed. 

What is an engineer's lot in 
life? According to David J. 

• 

Moore, author of fob Search for 
the Technical Professional, "A 
technical professional is a 
person who works for compen
sation in a field or discipline in 
which primary emphasis is on 
things rather than people." 
Traditionally, most engineers 
and industrial-technology 
graduates have worked in 
factories, design offices and in 
the field. 

Why specialize? 

Institute of Technology 
Professor Jim Holte predicts 

Illustrations by Daniel Ruen 

that 
engineers in 

the future will transfer often 
from company to company in 
order to make the most of their 
individual talents and skills. In 
the past, he said, engineers that 
switched among companies 
were not considered profes
sional engineers, and were 
thought to lack adequate skills 
to land a full-time job. 

These days, however, as 
technology continues to ad
vance, engineers must become 
specialized. It is the specialized 
engineers who will be hired by 
companies that need the engi
neers' skills for specific projects. 
After completing a project, the 
engineer will move on to an
other company and start a 
different assignment, picking 
up new skills along the way. 

If an engineer is flexible and 
adapts well to changes in 
technology and in the company, 
Holte said, he or she is more 
likely to stay there longer and 
rise through the ranks. Engi
neers who are balanced, compe
tent, diligent and eager for new 
tasks should have successful 
and rewarding careers. 



Colgan, a 
representative of 

Pat 

Technical Support Services of 
Northern States Power Com
pany, claims that in the ~utur~ 
specialty engineering sk~lls will 
be in high demand. Engineers 
possessing specialized 
skills will get the jobs 
over those who have 
not specialized, ac
cording to Colgan. 

"Professionals in 
general are becoming 
more specialized," 
said Minnesota Society 
of Professional Engi
neers representative 
Don Hassensta. 

He added that 
there will be greater 
need for people spe
cialized in computer 
science, because 
computers are being 
used more and more 
in other technological 
fields. 

This is backed up 
by the Bureau of Labor 
Statistics. In 1990, the 
BLS conducted a study 
of 250 occupations. 
The report covered 
everything from 
parking-lot attendants 
to nuclear engineers. 
According to the 

study, 
between 

the years 1990 
and 2005 computer 

system analysts will see 
the largest growth in the 

number of jobs available in the 
United States- a 79 percent 
increase from 463,000 to 829,000 
jobs. 

The BLS also predicted that 
occupations in operations and 
systems research will increase 
by 73 percent over the same 
period. Most of th~ hiring ~ill 
be in data-processing services. 

The occupations 
with the least job 

growth will be 
physicists and astrono

mers, increasing only 
slightly from 20,000 to 21,000 

jobs- a 5 percent increase, 
according to the study. 

Politics and engineering 

Advancements in technol
ogy depend greatly on the state 
of the world's economic and 
political situations. Many 
countries, for example, are more 
concerned today about the 
environment than they were 
fifty years ago. With the increas
ing worry about the ozone lay~r 
and global warming, pressure IS 

put on scientists and engineers 
to find ways to save the earth 
and its inhabitants. People are 



now needed in new areas, such 
as environmental engineering. 

Growth in these fields, 
however, will depend on the 
government's willingness to put 
money into environmental 
programs. Herb Harmison, 
Institute of Technology place
ment director, said he has not 
known many engineers to get 
hired in environmental areas, 
but the field could grow in the 
next five years. J'/The seed is 
there, but it hasn't blossomed 
yet," he said. 

Also, dismantling the "war 
machine" with the 
end of the Cold 
War will force 
many engineers 
working in military 
technology to 
transfer occu pa
tions. Those work
ing in the develop
ment of nuclear 
weapons and the 
"Star Wars" de
fense system will 
have to find other 
areas of research 
and development. 

There are 
opportunities 
available for these 
people, though. 
Some engineers 
from military
related fields at 
Honeywell, for 
instance, have successfully 
switched to civilian engineering 
by using their technological 
skills to design computer 
software that allows high
school students to examine 
prospective college brochures 
electronically. 

Energy engineering 

Looking for a job in nuclear 
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power? The United States is not 
the place to be. Of the leading 
industrial nations in the world, 
the United States ranks ninth in 
the use of nuclear power. Only 
17 percent of U.S. electricity 
used comes from nuclear 
power; in France usage is 70 
percent. 

Also, the issue of nuclear 
power as an alternative source 
of energy to oil and coal is a 
major debate in the United 
States. The concept of using 
nuclear power for energy 
gained popularity during the 

war with Iraq because the 
instability of foreign oil accentu
ated the need for other energy 
sources in this country. Many 
people, however, are still 
against widespread use of 
nuclear power as an alternative 
energy source. 

Advocates of nuclear power 
say that the American public 
has misconceptions about the 
subject, and they trace this to 

the negative press the energy 
source has received. Various 
independent studies have found 
that the technology for safe 
disposal of nuclear waste is 
possible and available, yet 
many people still worry about 
the environmental hazards the 
waste could cause. 

As for the future of employ
ment in the nuclear-power 
industry, Harmison said he 
thinks that in this generation 
there will not be an influx of 
new jobs into the field. The 
push right now is to find an 

Photo by Kathy Strauss 

IT Placement Director Herb 
Harmison (left) helps IT student 
John Pham build an eye-catch
ing resume. 

efficient way to store the en
ergy, he said, and this discovery 
will be a major turning point in 
the energy issue. Other alterna
tive energy sources, such as 
solar energy, are not big fields 



to enter and will probably not 
be in the near future. 

How much energy will we 
be using in the future? The 
North American Electric Reli
ability Council predicts 
that Americans' de-
mand for electricity will 
grow 34 percent be-
tween the years 1986 
and 2000. As the need 
becomes greater for 
sources of energy, so 
will the demand for 
engineers in the field. 

The changing field 

Apparently political and 
economic demands outweigh 
advancements in technology. It 
is based on supply and demand 
- if there is demand for a 
certain type of technology, there 
will likely be more jobs opening 
in that area. If politicians decide 
that nuclear power is not the 
answer to our energy needs, 
there will be more jobs in other 
fields and less in nuclear power. 

Many students who are 
looking for jobs in engineering 
ask about the areas of engineer
ing that have the brightest 
future. Professionals recom
mend exploring different 
options in the job market. 
"Sophomores should look at 
about ten areas that they would 
like to do in the field," 
Harmison said. A field in 
engineering may be growing at 
the time a student enters col
lege, but four years down the 
line, open positions may slack 
off and companies no longer 
hiring. 

If you are still wondering 
what engineering profession to 
go into, write to a professional 
engineering organization. These 
organizations have career-

guidance packages that give 
details and information on what 
is happening in these profes
sions. 

Even before you begin the 

their employees to return to 
school to obtain higher degrees. 
Some will pay for tuition and 
books or grant release time from 
work to take classes. Hassensta 

said that many engi

'Sophomores should look at about 
ten areas that they would like to do 

in the field.' 

neers go into some 
type of management 
or administration job 
in the company, 
usually after five to 
seven years. 

-Herb Harmison Many professional 
fields require that 

job search, it is important to 
network with people in your 
field. This is the best way to get 
your name out to influential 
people. Meeting others in your 
field of interest and discussing 
career plans is one of the most 
effective ways of finding new 
opportunities. Once you have 
an internship it is best to make 
yourself seen and heard, in 
order to be recognized as 
valuable to the company at 
hiring time. Interns who prove 
they can do the job well will 
likely get hired later on. 

After the job interview 

If you have graduated and 
have a great job in some engi
neering profession, what hap
pens next? Some engineers go 
on to graduate school and get a 
master's degree or a doctorate. 
Often companies will pay for 

their employees 
acquire continuing-education 
credits throughout their career. 
Iowa is the only state in this 
country that requires profes
sional engineers to get continu
ing education, but some compa
nies require their employees to 
take refresher courses in fields 
related to their work. 

It is difficult to predict what 
the future will be like ten years 
down the road, especially with 
the changes in Europe and the 
former Soviet Union. The best 
thing you, as an engineer, can 
do is to go into a field you 
enjoy. If you are good at what 
you do, you will likely get a 
good job. And never stop 
learning. An engineer knowl
edgeable of the latest trends in 
technology will be very appeal
ing to companies looking to hire 
qualified employees. •:• 

Sources, page 22 
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By Peter Kauffner 
For Minnesota Technolog 

any of us believe we know 
the recipe for living a long, healthy life: 
eat well, stay clean and go to the doctor 
when you're sick. The United States, 
however, has only the 18th-highest life 
expectancy in the world, even though 
it has the second-highest per capita 
expenditure on health care. Real clues 
to longer life spans can be found in 
historical records, and the answer 
seems to be based not in nutrition, but 
in psychology. 

Keep the doctor away 

Until the last century, going to the 
doctor was rarely worth the risk. In 
times when medical care consisted of 
leeches, emetics and purgatives, you 
were often better off staying home in 
bed. 

Even in the late 19th century, phy
sicians who trained at Harvard received 
only two years of lectures and no prac
tical training. And numerous degree 
mills churned out physicians with even 
less training. 
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Although the quality of treatment 
did not improve until the early years of 
the 20th century, there is strong evi
dence that life spans in Western na
tions were increasing long before this 
improvement. Vital records of the Or
der of the Golden Fleece, an organiza
tionofEuropeannobles,showasteady 
increase in life spans since the 1500s. 
The most dramatic increase was in the 
18th century- not the 20th century. 
We don't have similar records for com
moners, but life spans increased from 
about 35 years in the 1600s to 41 years 
in 1840- the earliest years for which 
reliable statistics are available. 

Even today, few medical proce
dures have been proven totally effec
tive in scientific tests. Antibiotics, once 
hailed as medicine's "magic bullet," 
can lose much of their effectiveness 
with overuse. And National Cancer 
Institute data shows that U.S. counties 
with higher mortality rates also tend to 
have more physicians. 

Medicine can claim victory in treat
ing and preventing infectious diseases 
caused by identified strains of micro
organisms. But such diseases were 
never responsible for more than a small 
fraction of the overall death rate. Many 
infectious diseases- including tuber
culosis, measles and whooping cough 
-were already brought under control 
before effective medical therapies were 
introduced. 

Medicine's mixed record for im
proving health casts doubt on why we 
go to the doctor to get treated. Appar
ently the reason people go to doctors 
has little to do with the effectiveness of 
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the treatment they receive, and more 
to do with the psychological satisfac
tion they get out of it. Patients want to 
talk to someone who is considerate 
and knowledgeable, they want an ex-

planation for what ails them and they 
want to know that someone is doing 
their best to help them. Prescribing 
medicine helps to reassure the patient 
that the illness is being taken seriously. 

Sanitation 

Many people are tempted to as
cribe the differences in disease rates to 
varying standards of cleanliness among 
different countries. Mortality rates in 
the West, however, began to drop long 
before the sanitation drives of the late 



19th century began. And studies in 
Africa do not find any correlation be
tween water cleanliness and disease 
rates. Projects to pipe clean water into 
disease-infested villages have not suc
ceeded in reducing disease or mortal
ity rates. 

Also, in communities where farm 
animals live in the home and personal 
hygiene is unknown, every meal is 
likely to be contaminated with fecal 
material. Under such circumstances, 
measures like filtering the water or 

cleaning the streets are not going to 
provide much protection. 

In actuality, diseases spread by 
poor hygiene are responsible for only a 
small part of the difference in mortal
ity rates between third world and in
dustrialized nations. Rather, childhood 
diarrheas and pneumonia are largely 
responsible for affecting the mortality 
rates. These diseases are caused by 
viruses that everyone is exposed to 
regardless of sanitation or personal 
hygiene. 

Nutrition 

The belief that good nutrition 
makes people live longer is not quite 
accurate either. Before 1800, there was 
a strong correlation between high mor
tality rates and high food prices, lead
ing some to believe the deaths were 
caused by nutritional deficiencies. It is 
more likely, however, that the deaths 
were caused by anxiety resulting from 
price increases in a population that 
lived hand to mouth. Even today, eco-

nomic downturns are associated with 
increased mortality - generally 
thought to be an indication of increased 

stress rather than deteriorating nutri
tion. Royal families, for example, pre
sumably had adequate access to nutri
tion, yet child-mortality rates in these 
high-stress families rivaled those of 
the poorest families. 

In fact, some evidence suggests 
that during times of food shortages in 
industrialized countries, health can 
actually improve. During World War 
II, for instance, Britain experienced se
vere shortages of food and medical 
personnel. Yet, according to a 1946 

Ministry of Health report, "The year 
1939 was remarkable in producing new 
low records for mortality at every age 
below 15 years." It seems bad nutrition 
had few fatal consequences during 
those times. 

Cheer up 

There are key psychological dif
ferences between healthy citizens of an 
industrialized nation and medieval or 
third-world peasants. The peasants 
have no savings or resources in re-
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serve. A horde of locusts, the death of 
a farm animal, even a heavy rainstorm 
can wipe them out. They therefore live 
under constant stress. The death of a 
loved one - quite common among 
peasant societies - is also a major 
cause of stress. 

Also, fatalism- the belief that one 
is helpless in the hands of god or fate
is a near-universal attitude in tradi
tional cultures, and is a natural defense 
for dealing with high levels of stress. 
Fatalistic attitudes can lead to feelings 
of hopelessness, which make it diffi
cult to respond to stressful situations 
in a positive way. J.E. Nardini, a U.S. 
Navy psychiatrist, observed how psy
chological factors could affect mortal
ity rates while he was a prisoner of war 
in the Philippines: 

Occasionally an individual 
would develop a depressive 
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reaction in which he would lose 
interest in himself and his fu
ture, which was reflected in 
the quiet or sullen withdrawal 
from the group, filth of body 
and clothes, trading food for 
cigarettes, slowing of work rate 
to a level that invariably in
vited physical abuse from the 
Japanese and an expressed at
titude of not giving a damn or 
'What's the use?' If this atti
tude was not met with firm 
resistance by companions, 
camp leaders, or medical per
sonnel, death inevitably re
sulted. 

Family dynamics 

Life spans in the six European 

Illustration by Melissa Mendoza 

countries for which there are reliable 
records increased from 41 years in 1840 
to 72 years in 1965. This unprecedented 
improvement is likely caused by psy
chological changes in the society. 

Since children in pre-modern soci
eties had a 50 percent chance of reach
ing adulthood- compared with a 95 
percent chance today- the change in 
attitudes toward raising children is 
considered a key in unlocking the 
mystery of declining death rates. 

First, couples in traditional societ
ies married mainly for economic rea
sons. The family structure was authori
tarian and adhered to a value system in 
which children existed primarily for 
the economic benefit of their parents. 
Economics on the farm required that 
the mother return to work as soon as 
possible. This caused most mothers in 
18th-century Europe to send infants to 
wet nurses, who often had many 
charges at once. This practice denied 
infants adequate access to breast milk, 
often the one source of uncontaminated 
nourishment in pre-modern societies. 

Also, children in pre-modern Eu
rope were frequently put to work at 
age seven and were often beaten. This 
sort of treatment was not restricted to 
the lower classes-Frederick the Great 
of Prussia and Henry IV of England 
both complained bitterly of the beat
ings they received as children. This 
kind of violent upbringing adds to the 
high levels of stress an individual feels, 
and creates what psychiatrists call a 
"learned helplessness" response. 

In the 18th century, Enlightenment 
philosophers first recognized that con
tinued, affectionate contact between 
parent and child was a key predictor of 
health. It wasn't possible for the lower 
classes to put such findings into prac
tice, however, until industrial produc
tivity increased to the point where one 
breadwinner could support a family. 
This came about in the late 19th cen
tury and allowed mothers to stay home 



with their children, and children could 
go to school instead of working. 

In sickness and in health 

Another psychological factor that 
likely contributed to the decline in 
mortality rates is the development of 
the concept of "romantic love." 

The idea of romantic love can be 
traced back to the minstrels of the 
Middle Ages, but it was not until the 
18th century that it was considered 
fashionable for a man to really be in 
love with his wife. Romantic love meant 
that for the first time a woman's satis
faction was considered important for 
the success of a marriage. It helped 
transform marriage from an institu
tion based on economic necessity and 

moral duty to one based on mutual 
affection. 

Study hard, live longer? 

The correlation of health and edu
cation is another example of the role of 
psychology in determining mortality 
rates. Education is one of the best pre
dictors of health. In fact, there is a 
closer correlation between education 
and health than between income and 
health. College-educated people re
ported to be in excellent health 30 per
cent more than people without a col
lege education. 

Some believe that the reason edu
cated people are healthier is because 
they are more likely to follow the dic
tates of health authorities. But many of 
the treatments prescribed by health 
authorities in the past are now regarded 
as useless or even harmful. Still, there 
is a consistent correlation between edu
cation and health. 

A likely explanation for this link 
may be found in the fact that increased 
education leads to a sense of control 
over one's surroundings, and banishes 
fatalism. Perhaps this positive attitude 
is more important than any of the spe-

cific measures an educated person 
might take to improve his or her health. 

Life unraveling 

The trends responsible for the re
markably high life spans in modern 
society have unraveled in the last sev
eral decades. Divorce has skyrocketed, 
child abuse has increased, academic 
achievement has declined, and women 
have returned to the work force, 
thereby reducing the time parents have 
to care for their children. 

In the past, these types of condi
tions have historically been associated 
with high mortality rates. Perhaps if 
our society makes a conscious effort to 
try to lower the levels of stress, abuse 
and divorce, we can defer this tragic 
consequence. •!• 
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Engineers ada t to differences people 

By Karen Bantes 
For MinnesotaTechnolog 

hoever says engineers 
aren't creative isn't looking at the large 
variety of technology that 
exists in today' s world. 
Since every person is dif
ferent, technology has to 
be able to adjust to those 
differences. People have 
different body types and 
different needs, and tech
nology has adapted by pro
viding machines and 
chemicals to help people 
better survive the demands 
of everyday life. 

Dentistry 

Engineers have come 
up with a metallic solution 
to help people with miss
ing teeth. The element Tita
nium is now used by den
tists to strengthen bones to 
hold tooth implants. 

The Titanium - simi
lar in looks to a metal bullet 
- is drilled into the 
patient's gums. When the 
teeth are implanted, the 
bone grows through the 
metal. Titanium is very useful because 
it is compatible with body chemicals, 
so it is not usually rejected. It also aids 
in the secure placement of dentures, 
crowns and bridges. 

For people with dark or stained 
teeth, dental technology has developed 
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a tooth veneer to hide the discolora
tion. 

The veneer-a kind oftooth "skin" 
- can change the color, shape and 
position of teeth. Veneers are placed 
on the teeth after the enamel is re
moved, giving teeth a more natural 

white color. Veneers are used mainly 
on adult patients with stained teeth 
caused by childhood fevers, harmful 
water minerals or chemical abuse. 

There are three types of veneers. 
The first type, the plastic veneer, is 
made using heat and light. The second 

type is the porcelain veneer, which is 
heated and then ground to fit the tooth. 
The third type, the Dichor veneer, is 
made from glass. This type of veneer is 
the strongest and most expensive kind 
of veneer. 

Engineers continue to create new 
technology to help with cosmetic 
and necessary dental procedures. 



Another method of whitening teeth 
uses a bleaching tray. The tray holds a 
bleach containing the chemical 
carbamide, and is worn for two to three 
hours a day up to six weeks. This en
ables the bleach to reach all sides of the 
tooth. 

Dental technology has also found 
a use for Gore-tex to aid in the cure of 
gum disease. Since the gum is lost 
around the tooth, Gore-texis placed on 
top of a bone graft. The gum tissue is 
then sewn over the material, which is 
removed after four to six weeks. The 
Gore-tex allows for the flow of neces
sary body fluid to the bone graft, and 
prevents the migration of harmful gum 
cells. 

NASA 

People on earth are not the only 
ones who suffer from motion sickness. 
Space researchers at the Biomedical 
Operations and Research Branch at the 
KennedySpaceCenterin Houston have 
come up with a way to treat astronaut 
motion sickness with a drug called 
promethazine. The drug is injected into 
the astronauts on the first day of flight 
to counteract the response of the body's 
vestibular system to zero gravity. 
Promethazine deals with motion sick
ness better than oral drugs such as 
scopolamine, which often has a variety 
of side effects. 

Hair growth 

In the last couple of years, research
ers have used electrical stimulation on 
people with thinning hair. A device, 
resembling a beauty-salon hairdryer, 
uses four pairs of positively and nega
tively charged electrodes that sit one to 
five centimeters from the patient's head 
to cause an electromagnetic field. In
termittent electrical stimulation causes 
the alternate polarizing and depolariz
ing of the root and follicle, enabling 
cells to receive calcium, which stimu-

lates the production of DNA and hair 
synthesis. This treatment is only for 
people with sudden hair loss, and they 
must undergo treatment for life. 

Computers 

Computer technology has also 
adapted to the differences of its users. 
Blind users, for example, need technol
ogy that caters to the senses of hearing 
and touch. A program called the 
Arrenstone Reader II uses synthesiz
ers to transform words on a computer 
screen to an audible voice. The type
written text is converted to an ASCII 
file, and with the synthesizer users are 
able to hear the printed computer 
words. 

Also available for blind people is 
the ALVA Braille Terminal, developed 
by Human Ware Inc. The terminal in
cludes a keyboard strip that contains 
translations of computer words and 
commands into the Braille alphabet. 
This keyboard contains 80 eight-dot 
Braille cells made of tiny plastic pins. 

Articulate Systems, Inc. has also 
developed what is called Voice Navi
gator SW, to be used with the sound 
software of Maciisi, LC, Classic II 
Quadras, and Power Book 140 and 170. 
This software enables the computer to 
respond to the voices of its users -
helpful for those who have hand dis
abilities, speak a different language or 
who just have difficulty using the 
mouse. 

With this system, the user answers 
vocally to an on-screen prompt, which 
is faster than using a mouse. The pro
gram stores individual voices on files, 
so it can distinguish the voice com
mands of many different users. The 
voice command can be used for all 
menu items, to skip between different 
applications or to access windows. 

At work 

Engineers have also developed 
workstations that adapt to the differ
ences in people's work habits. Repeti
tive-motion injuries are suffered by 50 
percent of injured workers. To solve 
this problem, a company called Aero
Motive, Inc. developed "Ergomation" 
products that make up an adjustable 
workstation. 

The workstation includes adjust
able lights, copy holders, bins, tool 
balancers and torque arms that absorb 
up to 20 lb-ft of torque from electric 
power tools that weigh up to five 
pounds. The Ergomation products may 
be adjusted to accommodate users of 
different heights- from 5'4" to 6'1". 
All the components in the workstation 
adjust five ways: forward or backward 
on an upright system, as well as raised, 
lowered and tilted. The corners of the 
table and the steel components are soft
ened, the CRT stands rotate 360 de
grees and articulating arms put all the 
components within reach. 

See Creative technology, page 22 
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Sexes from 7 

psychologist Glen Wilson: 
I believe that men and women 
are equal in the extent to which 
they are predisposed by their 
biological nature to behave in 
particular ways and that sex 
roles characteristically adopted 
by men and women in response 
to their differing natures are 
equally valuable to the species 
as a whole. 

Vive la difference. •!• 
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China from 11 
she may have many chances 
throughout life, despite how poor 
earlier attempts were. A student 
may get numerous opportunities to 
enter the engineering field. With 
hard work, dedication and money, a 
student can see the dream of an 
education fulfilled. This is consid
ered one benefit of the American 
educational system. 

One of the strengths of the 
Chinese system is that it matches 
careers and fields of study with 
individuals most suited for them. In 
theory, this makes the Chinese 
system more efficient than the 
American system, because it 
eliminates unqualified students 
from those fields. In practice, 
however, the efficiency has not yet 
been realized because the system 
has been difficult for the Chinese 
government to implement. Often 
finding jobs that fully use each 
person's education is anything but 
simple. For example, there have 
been instances of "history graduates 
driving trucks, graduates of cryo
genic technology working in hotels, 

Creative technology from 21 

Another benefit of this worksta
tion is the fact that it is not supported 
by other structures - it stands by it
self. Also,linear screws in the worksta
tion eliminate the problem of hydrau
lics, and adjustable tool balancers are 
included to balance tools that weigh 
between one and eight pounds. For the 
future, Aero-Motive plans to develop 
sit-stands and chairs to be used with 
the workstation. 

Since few people are considered 
perfectly "average," today' s technol
ogy is constantly adjusting to better 
accommodate the many differences in 
humans. Engineers, therefore, must be 
creative in order to adapt to the chang
ing world and the variety of people in 
it. ·:· 

and graduates of applied physics 
working in warehouses." Thus, the 
potential efficiency of the Chinese 
system rna y be lost. 

The question of which educa
tional system is more efficient and 
which country will use technology 
to its fullest potential is a difficult 
one. Each system has advantages 
and disadvantages, proponents and 
opponents. With continued analy
sis of other countries' systems, the 
United States should be able to 
come up with a system that is more 
efficient and better suited for its 
citizens- and technological leaps 
could be commonplace in the 21st 
century. •!• 

Sources 

McDonald, T. David. The Technological Trans
formation of China. Washington, D.C.: Na
tional Defense University Press, 1990. 

Sharpe, Benjamin. Personal Interview. Aug. 
19, 1992. 

Simon, Denis F. and Merle Goldman. Science 
and Technology in Post-Mao China. Cambridge: 
Harvard University Press, 1989. 

Sources 
Boggs, Robert N. "Technology Benefits the Visu

ally Impaired." Design News, Dec. 1, 1991: P. 
23-4. 

Berg, Paul E. Personal interview. Aug. 11, 1992. 

Dayton, Leigh. "An electronic solution to losing 
your hair." New Scientist, Sept. 22, 1990: p. 36. 

"Ergomation" workstation fits all sizes and jobs." 
Design News, 1992. 

Harris, Pamela. Personal interview. Aug. 13, 
1992. 

Kvalseth, Tarald. Personal interview. Aug. 13, 
1992. 

"NASA Researchers Score Breakthrough With 
Drug to Curb Space Motion Sickness." Avia
tion Week & Space Technology, Dec. 17, 1990: p. 
73. 



Nf) : ''We still remember the CARE broo 
Food, clothi medicine~~ 

Even tools to us rebuild~~ 
And my son- he is and wi 



ODAY F£Z. :r: s IA~IN(r 1..1\i'l.~ 10~11\A 
1\t'lt' R\C.t\1\R'V 10 \\\e. Gct-l~'f,cl7t:Sl!sN 

LA"BC>RI>.'\oi'\E..S l.l-1 flJ\IGI-\\{,.I'q.J.. f 
\N 1\\E..M ~'\ 1\\t. f~ON\ 'Vt::..SK .. 

[jJlL R\C$1-\I C:t\\L'ORf.t-J f 
TOV~y's 10f\<: IS Wr\';f 

'-"-"--·'-<'1( l PED~LE- A'KE \7\Ffi:~E.N\. 

Page 24 • Minnesota Technolog 

'v.JE. WI\..L E.'J(...\'1.-DR€. 
MANy lt-\H-..i0S TOOAj··· 
., A:'N'O soA't<. V? N\\JC.\1 

kNOWI...t\7<'s-t;.. 

I kNeW I WAS 

tsR\NG-IN\S- MINe. . 
. I t\N\, 1\f\t:R. ALL-; 

f(\\))C.Vl-D\J5:L-)I 

:I:~IC.t..L- t &eN I. 

~E.Sll{ 1Gf€W·S\\M£.f\t..f~V 

u~.{s <ro, \<.\"VS. Wt\~RSS 
Tt\E 5\A\"KWt:\..L !N 1\\\$ 

VAMN fL~Gc~ 





February 1993 @9 University of Minnesota e Vol. 73, No.3 

Page4 

Cosmic strings and other fancy things 
Time travel exists only in our imaginations today, but some scientists believe that the concept 
of traveling through time may not be so far-fetched for explorers of tomorrow. 
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Superconductors still stump scientists 
The mystery behind superconductors continues as researchers look for materials that will 
superconduct in higher and higher temperatures. 

Page 12 

Stonehenge: Ancient engineering project a mystery today 
Although Stonehenge has been around for over four thousand years, scientists are still not 
sure why it was built in the first place. 
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UFOs: Do our eyes deceive us? 
Even the government can't decide if they're caused by plasma, communists or aliens who live 
in the earth's core. 
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Unearthing the Maya temples 
Without metal tools, wheels or animals, the ancient Mayas constructed great monuments 
that impress engineers today. 
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United States inches along behind a metric world 
We have stubbornly avoided the metric system so far, but conversion may be inevitable. 
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From superconductors to Stonehenge to 
space aliens, a myriad of questions are 
left unanswered by science. 
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how much the computer 
C'V.T<''~b1"Yl I bought just one year ago 
costs today. 

My crumpled credit card receipt 
reads: $3,280. 

And my heart is black. 
Every weekend the computer ads 

in the paper jeer at me mercilessly. I 
gawk in disbelief at the circulars her
alding supercomputers three times as 
good as mine, with laser printers and 
sound cards - all for less than my 
system cost me. 

, r 
modem to connect, I can't help but 
dream ... 

Recently, for instance, I needed 
some information about Texas. The 
Internet was somewhat usefut but in 
my mind, any worthwhile computer 
system would show me color photos of 
the state and play-in stereo-"Deep 
in the Heart of Texas." 

Disgusted, I logged out. 
So I set my sights on a CD-ROM 

and sound card. I'd get some of the 
best- a Multispin reader and Ad Lib 
Gold. Atlast) told myself)' d be happy. 

Happy, that is, 
I wasted my 

money on a glori
fied Nintendo. 

"Buying a 
computer is like 
buying a glass of 
water- one drink 
and it's gone/' says 
one Control Data 

Any worthwhile computer 
system would show me 
color photos of the state 
and play- in stereo -

"Deep in the Heart of 
Texas." 

untill caught wind 
of those new
fangled optical 
disk players. 

Whatcanido? 

computer analyst. ---------------------------

Where will it end? 
Is it a big con
spiracy to drive 
computer owners 
nuts? 

Now they tell me. 
Twelve months ago, my computer 

-anAcer386DXwitha 124-megabyte 
hard drive, Super VGA monitor and 
five drive bays - seemed ageless, in
vincible. 

This summer, I'm told, manufac
turers will stop making my machine. 

With that in mind, when I sit down 
in front of my ancient terminal now, 
the excitement is gone. Even doing 
research pains me. As I wait for my 
computer to boot, the drive to load, the 

I can't even turn on the TV any
more without cringing. It's just not" cut
ting edge" to have to turn your head to 
watch it these days. I should be able to 
open a television window on my com
puter screen and watch "Star Tre~" 
with one eye while reading my E-mml 
with the other one. 

Instead, my computer seems so 
outdated to me that when I walk into 
my office and catch a glimpse of it, it 
looks like it should be on the set of a 

by 

Esther Haynes 
Editor in Chief 

science-fiction movie. Add a few lights, 
and three-headed aliens will be land
ing in my living room. 

Hopefully they'll take my dino
saur machine with them when they 
leave. 

I realize now I have only one op
tion to save me from this insanity ... 
this horror. 

I am once again waiting in front of 
my computer. This time, however, it's 
printing my ad: "Computer for sale,:' it 
reads. "One year old, pnce 
negotiable." •:• 
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By Peter Kauffner 
For Minnesota Technolog 

There once was a woman 
named Bright, 

Who traveled much faster 
than light. 

She went off one day 
in a relative way, 

And returned the previous night. 
- Anonymous 

of time travel has 
in scientists and writers since 
tneearly 19th century. Twentieth-cen
tury physicists have proposed various 
methods of traveling through time -
often based on general relativity. The 
theory of time travel, however, creates 
logical contradictions and violates laws 
of conservation. Still, while some refuse 
to believe time travel is possible, oth
ers keep working with equations, try
ing to prove the idea is not so far
fetched. The debate has continued, 
unresolved, for over a century. 

The concept of traveling through 
time is a relatively recent idea. Early 
forms ofliterature seem to be devoid of 
references to time travel. Some stories 
in pre-19th-century literature, how
ever, talk of cultural heroes asleep in 
remote locations, waiting for the mo
ment when their country needs them. 
The characters in essence defy the ef
fects of time. Such stories are told about 
King Arthur in Britain, Emperor 
Frederick Barbarossa in Germany and 
Serbian leader Karageorge in Yugosla-
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via. 

The earliest time-travel stories 
generally reflect the attitude -
traditionally held by theologians 
-that the past is fixed and cannot 
be changed, not even by God. In A 
Christmas Carol (1843) by Charles 
Dickens, for example, Scrooge ob
serves his past, but never tries to 
change it. Mark Twain's A Con
necticut Yankee in King Arthur's 
Court (1889) is the first literary 
work in which a character not only 
observes the past, but actually 
changes events that have already 
occurred. Itwasn'tuntil1895,how
ever, when H.G. Wells came out 
with The Time Machine, that time travel 
was established as an enduring sci
ence-fiction motif. 

Various factors in the late 19th cen
tury prepared society to be more re
ceptive to the idea of time travel. As is 
evident in Goethe's Faust (1808), Mary 
Shelley's Frankenstein (1818) and Percy 
Shelley's Prometheus Unbound (1820), 
the 19th-century literary world was 
concerned that technology would al
low humans to intrude into areas pre
viously reserved for God. Time travel 
-a power beyond reasonable limit
epitomized such concerns. At one levet 
in his stories Mark Twain satirized the 
fear of progress. But at another level, 
he seemed to share this fear. 

It is likely that new scientific theory 
was another inspiration for Twain and 
other time-travel authors. The 
Michelson-Morley experiment of the 
1880s indicated that the speed of star
light reaching the earth was constant 
and did not vary with the motion of the 

n 
• 
I 

earth - contrary to the teaching of 
classical physics. This experiment led 
some scientists to rethink their ideas 
about time and space. 

Although Twain may not have 
been aware of the Michelson-Morley 
experiment, in 1909 he wrote the fol
lowing commentary on the biblical 
story of creation: "It is quite manifest 
that [God] believed his fresh-made 
skies were diamond-sown with those 
myriads of twinkling stars the moment 
his first day's sun sank below the hori
zon; whereas, in fact not a single star 
winked in that black vault until three 
and half years after that memorable 
week's formidable industries had been 
completed." 

As is obvious by this passage, 
Twain understood that since there is a 
vast distance between the earth and 
the stars, the starlight we see today has 
been in transit for many years. Twain's 
awareness that the finite speed of light 
creates different perceptions of time 



for different observers came through 
in his writing. 

In 1905 Albert Einstein proposed 
the theory of special relativity, which 
suggests that if an object goes faster 
than light, it will go backward in time. 
When the theory was first proposed, 
however, few could conceive of a way 
to approach that speed. Charged par
ticles can be accelerated to near light 
velocities by electromagnets in par
ticle accelerators, but do not break the 
light barrier. Massless particles such as 
photons-which transmit electromag
netism - travel just at the speed of 
light. 

General relativity, completed by 
Einstein in 1905, offered one solution. 
According to this theory, space is 
warped by gravity. Three-dimensional 
space is depicted as a two-dimensional 
sheet of rubber that curves when heavy 
steel balls- representing planets and 
stars - are placed on it. If a ball is 
dense enough, it punches through the 
rubber sheet. The resulting hole, or 
"wormhole," is an intensely warped 
region of space-time where classical 
rules of physics don't apply. An object 
can go in one side and come out at any 
time in the past or future, at any place 
in the universe ... or even in another 
universe. In these ways wormholes 
resemble science fiction's 
"hyperspace." 

Immediately after the 
theory of general relativ
ity was published, Karl 
Schwarzchild - a Ger
man cavalry officer bed
ridden at the time -
solved the equations of 
general relativity for the 
case of a "black hole." A 
black hole is a region 
where gravity is so intense 
that nothing can escape, 
not even light. The heart 
of a black hole is a called a 
"singularity," in which the 
mass of a star can be com-

pressed to a single point. 
Schwarzchild' s theory also 
included wormholes. 

Since Schwarzchild's 
black hole did not rotate, 
however, any object falling 
into such an area would be 
"spaghetti -ized" 
stretched out to resemble a 
piece of spaghetti - before 
it could reach the wormhole. 
This factor effectively elimi
nated the non-rotating black 
hole as a practical time ma
chine. 

With the increased use 
of computers in physics, 
however, it became possible to solve 
the equations of general relativity for a 
rotating black hole. In 1963, Roy Kerr 
worked out a description of a rotating 
black hole which showed that it was at 
least theoretically possible to survive a 
trip past singularity and into a worm
hole. 

Kerr's research launched the black 
hole as a popular method of time travel 
in science fiction, but recent research 
suggests that the chance of surviving a 
trip into a rotating black hole is actu
ally slim to none. Unless the black hole 
were at least ten-thousand times as 
massive as the sun, a spacecraft would 

Illustrations by Melissa Mendoza 

be ripped apart by tidal forces even 
before it reached the edge of the black 
hole. This means time travel would 
require a far more massive object than 
those generally found in most science
fiction stories. Furthermore, although 
wormholes may exist in time-indepen
dent descriptions of a black hole, they 
are unstable structures and are likely 
to close up at the slightest disturbance 
-including any effort by a spacecraft 
to fly through them. 

In 1974, physicist Frank Tipler pro
posed using an extremely long cylin
der as a non-lethal substitute for a black 
hole. A "Tipler cylinder" rotating at 
more than one-fourth the speed of light 
would give the same time-travel effect 
as a black hole, but without the crush
ing gravitational field. There's a catch, 
though - any cylinder of sufficient 
length rotating at that speed would 
likely collapse under its own gravita
tional pull. 

Caltech physicist Kip Thorne 
showed in 1988 that a stable wormhole 
could exist independently of a black 
hole. Although it's unknown how such 
a wormhole could come into being, if 
scientists could trap a small wormhole 
between two electrically charged 
plates, it could be manipulated so as to 
allow travel into the past. 

First, the wormhole would have to 
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be expanded with the help of "exotic 
matter" -a material with strength far 
exceedingthatofanyknownsubstance. 
Next one end of the wormhole would 
have to be accelerated to near the speed 
of light and then brought back to its 
original position. This setup would 
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theoretically allow an object to return 
to the time when the wormhole/time 
machine was constructed. 

In 1991, Princeton theorist J. Rich
ard Gott proposed another method of 
time travet this one involving two" cos
mic strings" hurtling past each other. 

Cosmic strings are extremely thin, in
visible strands of concentrated energy 
that could have been created during 
the big bang. According to Gott' s 
theory, a rocket could loop around both 
strings and arrive home at the same 
instant it departed. Other physicists, 
however, have since attempted to dem
onstrate that Gott' s setup is "non-physi
cal" and could never develop in the 
real universe. 

Another approach to time travel 
ignores the space-warping effects of 
general relativity and relies strictly on 
special relativity. As an object is accel
erated to the speed of light, its mass 
approaches infinity. Thus it requires 
infinite energy to accelerate any object 
moving slower than light speed to a 
speed faster than light. This "light bar
rier" could be overcome, however, if a 
particle were created moving faster 
than light. Such hypothetical particles 
are called "tachyons." 

According to the equations of spe
cial relativity, a tachyon would move 
backward in time and have imaginary 
length and mass- giving the particle 
negative energy. Although conven
tional physicists generally view imagi
nary values for mass and length as 
non-physicat some theorists continue 
to research the tachyon issue. Among 
these is Gregory Benford of the Uni
versity of California-Irvine, who pro
posed a "tachyonic antitelephone" in 
1970. This idea uses tachyons to send 
messages in Morse code to anyone in 
the past with a tachyon receiver. 

With the numerous theories about 
time travel today, many people still 
find it difficult to believe traveling 
through time will ever be possible. A 
common objection to the concept of 
time travel is called the "grandfather 
paradox." Suppose a man went back to 
a time before his father was born, and 
killed his grandfather. Then his father 
could never have been born, and there
fore the man himself could not have 

Photo by Viewfinders been born. If he were never born, how-



ever, he could not have gone back in 
time to kill his grandfather. Thus the 
contradiction. In physics this is called a 
"causality violation" -the cause of an 

a.m., they'd have two identical dia
monds at 10 a.m. - one diamond 
would have come from the past nor
mally and the other one would have 

arrived from the future. But 
if additional mass could ap
pear at unpredictable mo
ments like this, the law of 
conservation of mass/en
ergy (better known as 
E=mc2) would be violated, 
as would other conservation 
laws. 

Although a practical 
means of time travel may 
never be developed, some 
fear the consequences of po
tential technological ad
vances in this area. Gott be
lieves scientists should try 

Illustration by Melissa Mendoza avoid causality violations at 
all costs. "At some point, 

event occurs 
caused. 

after the event that it physics will have to find some mecha

One way to resolve this contradic
tion is by assuming the existence of 
parallel universes. If a person were to 
travel back in time, two parallel histo
ries would branch out from the point 
in time to which the traveler went back. 
In one history the time travel would 
have occurred and in the other history 
it would not have occurred. 

Another way to resolve a causality 
violation is to assume the future is 
fated or predetermined. This idea ac
tually predates the concept of time 
travel. In the Greek myths of Oedipus 
and Perseus, dire prophesies cause 
characters to take precautions that in 
turn cause the original prophesies to 
come true. The characters in the myths 
apparently did not have the option to 
ignore the prophesies. 

Even if scientists disregard the cau
sality violation, however, time travel 
would violate some of the most basic 
physical laws. Suppose some people 
had a machine that could send an ob
ject back in time by one hour. If they 
put a diamond in the machine at 11 

nism by which these things are forbid
den, or else learn to live with them," 
Gott said. 

Nevertheless, as time-travel re
search continues, advances in this area 
could help scientists find flaws in cur
rent physical theory- and contribute 
to an increased understanding of the 
universe. •:• 
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Dr. Allen Goldman of the physics department at the University of Minnesota, pictured here next 
to a superconductor, has proposed theories that explain high-temperature superconducting 
phenomena. 
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By David Mirelez 
For Minnesota Technolog 

the past seven years, stories 
, . ...., ..... ...., ..... ~.._ ......... '", ......... LvJ . .::> have been the 
in bookstores and newsstands 

across the nation. It's difficult to browse 
through a bookstore or newsstand 
these days without seeing another piece 
written on the subject. 

But the fact is, superconductors 
have been around for more than 80 
years. Why are they suddenly generat
ing so much excitement? 

Superconductors- materials that 
conduct electricity without resistance 
- were discovered by Heike 
Kamerlingh Onnes in 1911. He found 
that mercury, when cooled to4°Kelvin, 
offered no resistance to electrical cur
rent flow. This meant that none of the 
current's energy was lost when carried 
through the mercury at its" critical tem
perature"- 4° K. 

Onnes' discovery inspired the sci
entific community because of the great 
possibilities associated with supercon
ductivity. If an electrical current, for 
example, were sent around a circular 
wire made of superconductive mate
rial, it would flow forever without any 
loss of energy. This is a great advan
tage over conventional, non-supercon
ductive materials - such as copper 
wire- which offer varying degrees of 
resistance to electrical currents. When 
a current is sent through these materi
als, some energy is always lost in the 
form of heat. 

From 1911 to 1986, scientists con
tinued to find superconductors with 
critical temperatures near absolute 
zero. In 1953, a vanadium-3 silicon com
posite was discovered with a critical 
temperature of 17.5° K. Fifteen years 
later, a composite of niobium and ger
manium was found to have a critical 
temperature of 23° K. Since the progress 
in finding higher-temperature super-

conductors was fairly slow, many re
searchers believed superconduction 
was only possible near absolute zero. 

They were proven wrong in 1986. 
Two scientists, J. Georg Bednarz 

and K. Alex Muller, discovered alan
thanum-barium-copper oxide ceramic 
superconductor that operates at 35° K. 
This discovery showed scientists that 
higher-temperature superconductors 
were possible, thus stimulating a new 
wave of research. Many scientists have 
since developed new superconductors 
based on the Bednarz and Muller ce
ramic - some with critical tempera
tures as high as 125° K. 

Superconductor Theories 

The discovery of higher-tempera
ture superconductors forced scientists 
and researchers to rethink theories gov
erning superconductors. 

The original theory widely ac
cepted by scientists was developed in 
1957 by physicists John Bardeen, Leon 
Cooper and John Schrieffer. This 
theory, called the BCS theory, explained 
superconductors in terms of electron 
coupling. When electrons flow through 
a superconductive material, they are 
joined together in groups of two by 
phonons, which act as a "subatomic 
glue." As the electron pairs travel 
through a material's lattice structure, 
they create an obstacle-free path 
through which other pairs may travel. 
The path prevents the other pairs from 
colliding with the superconductor's 
structure. Any collisions would repre
sent resistance to electron flow, and 

would result in a loss of electrical en
ergy. 

An obstacle-free path can be cre
ated only when no vibration is present 
in the material. To stop an atomic struc
ture from vibrating, it is necessary to 
cool the material to temperatures near 
absolute zero- the exact temperature 
varies with the substance. Onnes, for 
example, discovered that mercury's 
structure stops vibrating at 4° K. 

The BCS theory provided a good 
explanation for all superconducting 
phenomena observed before Bednarz 
and Muller discovered the oxide ce
ramic that superconducts at 35° K. But 
the theory fails to explain the new, 
high-temperature superconductors 
that were found as a result of Bednarz 
and Muller's discovery. In 1987, for 
example, scientist Paul Ching-Wu 
Chu found a yttrium, barium, copper 
and oxygen compound that supercon
ducts at 92° K. At this temperature, 
enough vibration is present within the 
material's lattice structure to destroy 
any path created by electron pairs. If 
this is the case, why does the material 
supercond uct? 

Researchers have proposed many 
theories attempting to explain high
temperature superconducting phe
nomena. According to Dr. Allen 
Goldman of the Physics Department at 
the University of Minnesota, proposed 
theories fall into one of two categories: 
BCS-based theories and non-BCS
based theories. 

One BCS-based theory reasons that 
oxides have unusually soft lattice vi
brations. Since all high-temperature su
perconductors are oxides, this would 
explain why electron pairs could flow 
through high-temperature materials 
unimpeded. Even at high tempera
tures, the vibrations of oxides would 
remain relatively mild. 

Another BCS-based theory 
explains high-temperature 
superconduction in terms of electron-
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bond strength. The electrons of a high
temperature superconductor are 
bonded together more tightly than 
those of other materials, including low
temperature superconductors. This 
increased bond strength would keep 
electron pairs from breaking apart, 
even in vibration-rich structures. 

Other researchers hypothesize that 
fluctuating repulsive forces are respon
sible for the high-temperature 
superconduction phenomena -anon
BCS-based theory. Between any two 
electrons, there exists a repulsive force. 
Some scientists believe, however, that 
this repulsive force exists only at close 
range, and if there is an intermediate 
distance between two electrons, they 
will attract one another. This attractive 
force is what would hold the electrons 
together in a high-temperature super
conductor. 

Although each of these theories 
has its merit, none can be proven. 
"(Present-day) technology is inad
equate to test the theories," Dr. 
Goldman says. This lack of technol
ogy, he says, is a "major obstacle" in 
developing and proving a theory that 
explains superconductors. 

Superconductor Applications 

Scientists continue to look for a 
superconductor theory to work with, 
because with some basis to guide them, 
they could focus their attention on the 
search for room-temperature super
conductors. 

The discovery of materials that 
superconduct at room temperature
around 300° K- would allow engi
neers to finally unlock the huge poten
tial of superconductor applications. 
Using superconductors in integrated 
circuits, for example, would vastly 
improve the performance of today's 
computers. 

Currently, integrated circuits are 
made of semiconductive materials, 
such as silicon and germanium, that 
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resist electron flow and generate heat. 
Because of this heat, integrated circuits 
cannot be packed together too tightly 
or they begin to melt. Superconductive 
integrated circuits, on the other hand, 
would not generate heat and could be 
packed closer together - greatly in
creasing the speed of the computer. 
Some computer engineers claim that 
superconducting computers could run 
ten times faster than today' s best mod
els. 

Room-temperature superconduc
tors could also be used to improve the 
efficiency and power output of electri
cal engines. "Superconductivity at 
room temperature is the key to any 
commercial application in the auto in
dustry," says Robert Eaton of General 
Motors. With the increasing concern 
about the environment, some people 

Vi/VL-:-_~·~ 13 
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have begun using electric vehicles as 
an alternate means of transportation. 
These vehicles are often less than ideal, 
however, because of their limited range 
and power. But by using superconduc
tors, an electric vehicle would draw 
energy from a small, lightweight bat
tery and have a range of several hun
dred miles. It would also provide the 
same amount of power as today' s ve
hicles. 

Scientists also envision using 
room-temperature superconductors in 
the power industry. A great deal of 
power is currently wasted in the gen
eration, storage and distribution of elec
tricity. Replacing conventional mate
rials with superconductors would 
eliminate this waste. Some electric com
panies, for example, lose as much as 
$200 million each year because of inef-



ficient power distribution. If these com
panies used superconductors, this fig
ure would likely be cut by 75 percent. 

Another benefit of room-tempera
ture superconductors would be the new 
sources of energy made available. Fu
sion energy, for instance, would be 
easier to contain with the help of 
superconduction. Fusion-the nuclear 
process of lightweight atoms joining 
together to form a heavier atom -
produces a tremendous amount of en
ergy without generating the toxic by
products associated with nuclear fis
sion reactions. But since fusion reac
tions take place at around 200 million 
degrees Celsius they are difficult to 
control and inefficient. 

Superconductive magnetic coils, 
however, could solve this problem. The 
coils create a magnetic field powerful 
enough to contain fusion reactions. 
Unlike copper and other conventional 
materials, superconductive coils do not 
generate heat and waste energy. 

Complications 

Although some engineers talk op
timistically about the possible applica
tions of room-temperature supercon
ductors, many difficult problems must 
be overcome before such supercon
ductors will be developed. 

One problem plaguing research
ers is electrical current limitations. 
Large electrical current loads destroy 
superconductive properties, even 
when a material has been cooled well 
below its critical temperature. The 
amount of electrical current necessary 
to stop a material from superconduct
ing is called the "critical current den
sity." When this is reached, the mate
rial reverts back to its normal conduct
ing efficiency. 

Large magnetic fields destroy su
perconductive properties as well. Mag
netic breakdown of a superconductor 
occurs in two phases. First, the mag
netic field penetrates the superconduc
tor. When a material is cooled below its 
critical temperature, nominal magnetic 
fields do not penetrate or affect it. This 
characteristic is called the Meissner 
effect. But when the magnetic field 
reaches a certain strength, the Meissner 
effect is nullified. Nevertheless, at this 
stage the material continues to super
conduct. 

It is with the second phase of break
down that the superconductivity is 
destroyed. This occurs at a magnetic 
field greater than the one required to 
eliminate the Meissner effect. The larg
est magnetic field a superconductor 
can withstand before breakdown is 
called the "critical field." As with criti-

cal current density, once the critical 
field is reached, the material reverts 
back to its normal conducting effi
ciency. 

Researchers must overcome these 
problems before superconductors can 
be truly useful. Once a high-tempera
ture superconductor theory is found 
and these problems are confronted, 
superconductor technology will vastly 
improve our lives. •:• 
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By Jeff Conrad 
For Minnesota Technolog 

4,000 years ago a group of 
t out on a mission- mile on 
heaved 26-ton and heavier 

sandstones. They went to great pains 
to stack them just right. 

Why? No one is sure, and math
ematicians, archaeologists and astrono
mers can only guess. 

Some say Stonehenge was used as 
an ancient observatory of sorts, some 
say it was built for religious reasons 

Stonehenge was ini
tially erectecd over 
4,000 years ago in the 
English county of 
Wiltshire. The con
struction took place in 
three phases over a 
period of approxi
mately tSOO years. 
~ 
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mystery t ay 
and some say both. Known as one of 
the seven wonders of the world, 
Stonehenge is a group of jointed, up
right stones on Salisbury Plain, in the 
English county of Wiltshire. No re
corded history of the builders exists, 
however, so what information we have 
about Stonehenge is limited to archaeo
logical finds. 

The prehistoric engineering of 
Stonehenge is remarkable. To nine
teenth-century poet and artist William 
Blake, Stonehenge was a symbol of 
raw power. And rightly so, because 
the tools available to Neolithic con
struction engineers were only muscles, 

ropes, levers, rollers and pick axes 
made from antlers of red deer. 

Experts say the story behind the 
structure is complicated - and the 
mysterious Stonehenge hides many 
chapters. 

Stonehenge 

Stonehenge has a long history of 
construction, use and modification. 
With the use of carbon dating, climato
logical information and astronomical 
data, however, scientists estimate that 
the Stonehenge site was first used in 
the Late Neolithic period. 

Photo by Viewfinders 



A ditch 91.5 meters in diameter 
circles the structure's four series of 
stones. The outermost circle of stones 
is made of sarsen, a type of hard sand
stone. The sarsens are 4.1 meters high 
and are connected by horizontal pieces 
across the top, called lintels. The next 
circle contains bluestone Menhirs, or 
single standing stones. The third set of 
stones is made up of sarsens 
arranged in a horseshoe 
shape; and the innermost 
ring is an oval comprised of 
about 20 bluestones. The 
largest bluestone of all -
the "Altar Stone" - lies 
within this innermost ring. 
A huge upright sarsen, 
called a "Heel Stone," lies 
4.8 meters northeast of the 
center of Stonehenge, near 
an old turnpike road from 
Amesbury to Shrewton. 

Phase I 

The building of 
Stonehenge occurred in 
three major phases over a 
period of two thousand 
years. The first phase, 
known as Stonehenge I, 
took place during the Late 
Neolithic period- around 
3000-2700 BC. 

Initially, the creators 
dug a ditch and constructed 
a bank about 2.5 meters 
high, in a 94-meter diam
eter circle. Fifty-six Aubrey 
holes- round pits dug into 
the chalk soil about one 
meter wide and deep -
were also added at this time 
around the perimeter of a 
86.6metercircle. They were 
filled soon after they were 
dug. Some scientists say 
these filled holes could have 
been used for astronomical 

predictions. 

Phase II 

Stonehenge II was added around 
2100 BC, during the Early Bronze Age. 
At that time, bluestones were added 
from the Preseli Mountains in south
west Wales. The stones were placed in 
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a double circle that was never com
pleted - resulting in a horseshoe 
shape. Also, an area on the northeast 
side was widened to about 8 meters, 
and a pair of Heel Stones were built. 
Researchers believe the builders 
dragged the stones from the moun
tains-which are 180 miles away- to 
the Stonehenge sight. In a recent ex-

periment,20 men dragging a 
4-ton bluestone clocked at a 
rate of one mile per day. 

Phase III 

When Stonehenge III 
was built in 2000-1500 BC, 
workers took down the 
stones added during 
Stonehenge II. The stones 
currently visible at 
Stonehenge were then 
added, comprising the sarsen 
stone circle and sarsen horse
shoe. The sarsens came from 
a cap of tertiary sandstone, 
major outcroppings of which 
exist in North Wiltshire, at 
Marlsborough Downs. 

Each sarsen stone has an 
average height of 4 meters, 
an average diameter of 29.25 
meters2 and an average mass 
of 26 tons -with the largest 
stone weighing over 45 tons. 
An arch of three stones
called a "trilithon" - lies 
inside the circle of stones. 
Each trilithon is made up of 
sarsens between 6 and 7.5 
meters tall. 

Each average sarsen, at 
40-pounds pull per man, 
would require the strength 
of 250 workers to get it over 
the hills to the site. The larg
est sarsens were likely 
brought to the site using a 
land route, because water 

Hlustration by Daniel Ruen 
See Stonehenge, page 25 
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Doubting Thomas's 

The fact is, a vast majority of UFO 
sightings are later explained. Usually 
they turn out to be meteorites, weather 
balloons or man-made satellites. But 
what about the rest, that small per
centage that are true UFOs? 

Phillip Klass, a writer in the field 
of avionics, put forth one theory. 
Plasma - usually considered the 
fourth state of matter- can be found 
drifting about through outer space and, 
in smaller quantities, in our own at
mosphere. It consists entirely of ion
ized particles. On rare occasions this 
matter clumps together densely and 
forms a phenomenon called 
"kugelblitz," or more commonly, ball 
lightning. 

Kugelblitz, being electrically 
charged and practically weightless, 
interacts erratically with the natural 
and artificial electromagnetic fields all 
around us. They dart and hover, or 
suddenly change direction at right 
angles to their current trajectory, 
should the fields around them change. 
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confirmed by over 30 
civilians. 

Government 
looks for clues 

The 1940s and 
'50s were the heyday 
of UFO research. The 
late 1940s hailed the 
beginning of the first 
11 great wave" of UFO 
sightings in the 
United States. It fell 
under the jurisdiction 
of the U.S. Air Force 
to gather data on UFO 
sightings, as this was 
considered a possible 
communist threat. 
The bureaucratic pa
perwork formed 
mountain after moun
tain, and the first offi
cial UFO investiga
tion, Project Sign -
known publicly as 

Illustrations by Jennifer Hughlett Project Saucer- was 
formed to deal with it. 

At high energy they glow with an eerie 
aura from red to blue-white. They have 
even been known to appear to play 
"tag" with airplanes and other objects, 
demonstrating repellence and attrac
tion of charged objects. In short, this 
phenomenon behaves exactly as many 
UFOs sighted by people around the 
world do. 

July 29, 1953. 
Port Huron, Michigan 
Patrick Obost is an Air Force pilot 

making a nighttime training run on a 
B-24. He yawns listlessly into the night; 
he's done this a million times before. 
This time, however, will be different. 
His heart leaps with excitement when 
Air Defense Command orders him to 
investigate an unidentified blip on their 
radar screen just to his south. As he 
climbs above the cloud bank, a scintil
lating multi-colored light emerges. It 
accelerates towards Obost' s B-24, 
circles, and leaps around it like a 
friendly puppy. After 15-20 seconds of 
frolicking, the object zooms off at break
neck speed: over 20,000 mph accord
ing to radar tracking. The report is 

After two years of intensive investiga
tions, Project Sign came to a conclu
sion: People were seeing things in the 
sky that may or may not have been 
Russian weapons, but that could not 
be positively identified. 

With these results, the bigwigs in 
Washington decided they needed a 
new name. So Project Grudge was born. 
And then Project Blue Book. And then 
the Condon Committee. And then the 
National Investigators Committee on 
Aerial Phenomena. One by one, the 
reports come back, and they invari
ably read something like: 11 

... and the 
committee has determined that people, 
who may or may not be crazy, are 
definitely seeing things that may or 
may not exist, and cannot be positively 
identified. What we propose is another 
investigation ... " 

1974. 
Osyka, Mississippi. 
Mrs. Kampfer is doing the nightly 

household chores, listening to a song 
on the radio. Without warning, the 
radio cuts out. Annoyed, she goes to 
the window to adjust the antenna. Sud-



denly, an oblong, shiny form screams 
by, just feet from the house. It flashes 
brilliant blue-white light, bright 
enough to cause the automatic street 
lights to turn off Minutes later, depu
ties are summoned to the sight of a 
local shop where a burglar alarm rings 
into the night. They are shocked to 
discover the alarm ringing in synchro
nization with the blinking blue-white 
egg hovering sleepily above. The alarm 
stops when the egg glides into the inky 
blackness of night ... 

Alien origins 

At this point, the question is inevi
table: If aliens did in fact exist, where 
would they come from? Researchers 
say the environment on the planets in 
the rest of our solar system are too 
hostile to foster native life forms. Any 
planetary being farther from the sun 
than Earth would be too cold for life as 
we know it. Well, Mars does get up to 
a scorching -27°C ( -17°F) during its 
summer, but scientists have yet to dis
cover evidence to suggest anything 
currently lives there. This leaves Mer
cury and Venus. Mercury has next-to
no atmosphere and temperatures rang
ing from 510°C (950 °F) during the day 
to -210°C (-346 °F) during the night. 
You thought last fall's temperature 
swings were extreme! Venus has an 
atmospheric pressure 95 times that of 
Earth, which would make walking on 
Venus approximately equivalent to 
walking on the bottom of the ocean. 
This, combined with its 427°C (800°F) 
ambient temperature- hot enough to 
melt lead -leads us to believe that in 
all likelihood, Venus and Mercury are 
truly lifeless. 

Ruling out our neighbors leaves, 
well, the rest of the cosmos. At least 
we've narrowed it down a little. Could 
UFOs come from other solar systems? 
The nearest stars to our system are 
Alpha Centauri (4 light-years away) 
and Sirius (8 light-years away). This 
maynotsound that faraway, until you 
considerthatevenat80,000mph (twice 
the average speed of Pioneer 10 on its 
620-million-mile flight to Jupiter) it 
would take over 30,000 years to reach 
the nearest star. Better hope there's a 
good in-flight movie ... 

Another theory about aliens sug
gests that they could be right under 
our noses. American author William 
Reed first introduced this idea in 1906. 
Commonly called the "Hollow Earth" 
theory, it states that the earth has both 
an outer 
and an in
ner surface, 
and is in fact 
an 800-
mile-thick 
shell with 
holes at 
both poles, 
allowing 
travel be
tween the 
inner and 
outer sur
faces. Ac
cording 
Reed, the 
inside is lit 
by a small 
sun- ap
proxi
mately 600 
miles in di
ameter -
that gives 
the "Inner 
Earth" a 
wonder
fully tem-
perate climate with mountains, lakes, 
green vegetation and animal life. It is 
possible, the theory says, that the inte
rior has its own advanced civilization, 
which could in turn be the source of all 
those bothersome UFOs zooming 
about our airspace. 

Rear Admiral Richard Byrd alleg
edly reached this mystical land on an 
expedition to the North Pole in 1947, 

and again through the South Pole in 
1956. It is reported that he flew 1700 
miles beyond the North Pole into the 
polar opening, and crossed an iceless 
region with green vegetation, rivers 
and even a large animal resembling a 

Photo by Andrea Murrill 

woolly mammoth. None of these 
shouldexistneartheNorthPole, which 
led some to the conclusion that Byrd 
was no longer on the outer surface of 
the earth. They ignored the fact, how
ever, that 1700 miles south would have 
put him around 65°N latitude, which 
is equivalent to Nome, Alaska-where 
they do have green vegetation part of 

See UFOs, page 26 
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By Alice Chen 
Technolog Staff Writer 

and gentlemen, I would like 
you to a mystery in sci

entfei¥tn award winner that is full of 
surprises, pure to its hollow core, and 
rarer than diamonds. Please welcome 
the c60 molecule, otherwise known as 
the buckyball .... 

For many in the scientific commu
nity, buckminsterfullerene - or 
"buckyball" -needs no introduction. 
The molecule is shaped like a soccer 
ball and gets its name from American 

Photo courtesy o£ John H. Weaver 

A single C
60 

molecule. 

architect Buckminster Fuller, who in
vented a geodesic dome with the same 
symmetry. At a glance, the fine black 
c60powder looks as if a crazed student 
did the Mexican hat dance on a piece of 
charcoal. But whereas a gram of pow
dered charcoal is worthless, a gram of 
pure c60 fetches one- to two-thousand 
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dollars. 
About two years ago, the Univer

sity of Minnesota began research on 
what was named the 1991 Molecule of 
the Year by Science magazine. Today, 
with grants from the National Science 
Foundation and the Office of Naval 
Research, a 15-member team at the 
University is collaborating with scien
tists from Rice University and a group 
from Japan to learn more about this 
curious carbon lattice. 

Pieces of the past 

Although Richard E. Smalley dis
covered the existence of the buckyball 
in 1985, itwasn'tuntil May of 1990 that 
Wolfgang Kratschmer and his col
leagues in Germany, and 
Donald Huffman and his 
colleagues in Arizona, 
learned how to form c60 in 
large enough quantities for 
scientists to do substantial 
research. 

Professor John H. 
Weaver of the chemical en
gineering and materials sci
ence department has stud
ied many properties of c60' 
Since research on buckyballs 
goes back only a few years, 
however, there is much 
about buckminsterfullerene 
that is unknown - some
thing that Weaver and other 
scientists hope to change. 
They believe fullerenes 
could play a role in the tech
nology of the 21st century. 

• 
I 

II 
Exploring frontiers 

Fullerenes have produced several 
surprises. The carbon structure has 
been used in a process in which a sub
stance - such as potassium, for ex
ample - is sandwiched between two 
layers of C60. The added substance can 
give up electrons to fullerene, causing 
it to show superconducting qualities. 
Also, similar experiments that com
bine the molecule with other elements 
show the molecule to have magnetic 
properties. 

Since buckyballs are made of car
bon with strong covalent bonds, the 
structure is very difficult to break; 
graphite and diamond are the only 
other forms of pure carbon. Weaver 

Illustration by Jennifer Hughlett 



andhisteamofcollaboratorsarestudy
ing ways to crack open the spherical 
shell long enough for an atom of an 
element- in particular uranium or 
scandium - to pass through and be 
captured as the shell closes. "It'll be 
interesting to investigate the proper
ties of these novel forms of matter. 
Some may prove to be the keys of 
tomorrow's technologies," Weaver 
says. 

The search continues 

As more is learned about this 
uniquely symmetrical molecule, more 
questions arise. Scientists are research
ing to find out why C

60 
is a good super

conductor, whether the molecule is 
toxic and what are possible future ap
plications of the molecule. They con
tinue looking for answers to these and 
other questions- answers that will 
lead to more mysteries, and more dis
coveries. 

The buckyball burst upon the sci
entific community with an attention
getting name and an attention-getting 
structure. After two years of research, 
it is still capturing our attention with 
its novel "personality" and the possi
bility of what is yet to come. A few 
years from now the pieces of the puzzle 
may be in place, or perhaps the puzzle 
will still be ragged around the edges. 
Regardless, keep your eye on the 
buckyball. You never know which way 
it will bounce. •:• 

See Buckyball sources, page 26 

Photo by Andrea Murrill 

Professor John H. Weaver, from the University of Minnesota 
chemical engineering and materials science department, oper
ates equipment used to study the C60 molecule. 
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By Wade Petrich 
For Minnesota Technolog 

pressive architecture can be 
d all over - the Sydney Opera 

.·. se in Australia, the Parthenon in 
Greece, the Taj Mahal in India -but 
few structures rival the ancient Maya 
pyramids in South America. 

Between 1200 B.C. and A.D. 900, 
the Maya people lived in thriving settle
mentsinSouthernMexico,Belize,Gua
temala, Honduras and El Salvador. 
They were a relatively modern civili
zation, with advanced writing, accu
rate calendars and elaborate architec
ture. The Maya's structures were so 
durable that some temples still deco
rate the landscape of South America. 

The early temples- used mainly 
for worship -were generally quite 
small, around 27 feet high. As time 
went on, however, the temples were 
built larger and larger, reaching to 
heights of more than 175-feet high and 
spanning up to five acres ofland. Often 
the new larger temples were built di
rectly over existing temples, resulting 
in pyramids built on three or four older 
foundations. 

Since the Maya society was made 
up of around 50 separate states, the 
building and architecture varied from 
place to place. In general, the earliest 
forms of temple construction involved 
the piling of dirt and rock into a mound 
on which a summit temple was built. 

One group of people- the Cerros 
Maya -built temples with a layered 
foundation of soft lime marl, or "white 
earth," found underneath the hard 
capstone of the region. The people shat-
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t 
tered pottery and mixed it in with the 
white earth, along with flowers from 
fruit trees. After the foundation was 
laid, the Mayas constructed the temple 
in the shape of a "T" - the stem was 
the stairway that rose from the base of 
the pyramid up to the plaza, and the 
arms held the sanctuary room and the 
galleries. 

The temple and the stairway were 
raised by members of the building team 
and community workers, in an effort 
of mass collaboration. To ensure cor
rect proportions and to accommodate 
the decorative panels included in the 
temple, the Mayas made numerous 
calculations during the course of the 
temple constructions. The entire con-

I 

Illustrations by JenniferHughlett 

struction was done without the help of 
metal tools, wheels or animals, and all 
the lifting was done by the male Mayas 
-who averaged little over five feet in 
height. 

The Maya building projects were 
generally established and coordinated 
by the king and his counselors. The 
king determined the decorative style 
of the pyramid, and the builders had to 
consult him throughout the construc
tion. 

The Uxmal ruins - in the low
lands of the rain forest - span an area 
of 250 acres. Uxmal was a city that 
flourished for nearly 300 years, begin
ning in A.D. 600. The constant rains in 
the area, however, were a great archi-
tectural challenge for inhabitants of 
the region. 

One architectural trademark of the 
Uxmal Maya was the use of wood 
lintels over the doorways. The wood 
came from the Sapodilla tree, which 
grew only in the rain forest of the El 
Peten province 300 miles away. Great 
numbers of people were required to 
transport the wood to the locations of 
the temple construction sites. Regard
less of the distance, the Uxmal used 
only Sapodilla wood, because of its 
durability and resistance to termites. 

Tikal - one of the largest and 
oldest Maya ruins - was once a city 
that contained houses, ball courts, 
water reservoirs, storage bins, tombs, 
altars, steam baths and numerous large 
temples. The city's largest temple, the 
Temple of the Giant Jaguar, stood 187 
feet tall from the base to the top of its 
roof comb. Other temples reached 
heights of 178 feet and 143 feet, cover
ing six square miles. Massive amounts 
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of quarry stone were used in the temple 
constructions, and a large number of 
workers were required to bum the lime
stone to make plaster. 

In many ways the ancient Maya 
were an advanced culture. The Maya 
temples still visible today are a testi
mony to the great civilization that lived 
and died away too early in South 
America. •:• 

See Maya sources, page 26 
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By Andrew Denker 
For Minnesota Technolog 

Take off was smooth for Air 
~ da Flight 143 from Toronto to Min
neapolis. But 41,000-feet up and half
way to its destination, the fuel tank 
read empty. Disaster was avoided only 
through the efforts of the pilot, who 
landed the Boeing 767like a glider. 

Just how the crisis happened was 
not clear until officials realized that 
grounds crew had unwittingly filled 
the airplane's fuel tanks using the 
wrong measurement system. 

The ground crew apparently made 
an error in converting pounds of jet 
fuel to kilograms. 

The United States is one of few 
countries in the world where the 
Systeme Internationale, commonly 
known as the metric system, is not the 
primary system of measurement. In
stead the United States follows the 
English system, which, ironically, is no 
longer even used by England. With the 
UnitedStatesstillmeasuringinpounds, 
inches and ounces, differences in mea
surement arise when it deals with for
eign countries - leaving situations 
open to confusion. 

Confusion that-in cases like flight 
143 - could turn tragic. 

The emergence of two 
different systems 

The invention of weights and mea
sures is thought to have been one of 
humans' first developments. Primitive 
societies needed units of comparison 
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for the same reasons people of today 
do -for sharing ideas about construct
ing shelters, making clothing, trading 
food or raw materials, and for describ
ing the size of the fish that got away. 

Early standards of measurement 
came from the human body. Ancient 
Babylonian and Egyptian records, in
cluding the Bible, indicate that length 
was first measured with the forearm, 
hand and finger. In much the same 
way, the first values for capacity- or 
volume - were likely measured by 
the handful. The first units of weight, 
however, were seeds of grain - a 
quantity's mass was measured bynum
ber of grains that equaled its mass. 

These methods of measurement 
were useful at the time, but problems 
arose because of the lack of standard
ization. Itwasnotuntil the early Saxon 
kings brought about a standardized 
system of units, known as the English 
system, that these problems were 
solved. 

The English system has not 
changed much since it was first devel
oped based on the "yard" as a mea
surement for the length of the kings' 
belts. To the system that also included 
the foot, inch, mile, furlong, pound 
and ounce, the Romans contributed 
non-decimal bases - 12 inches to a 
foot, three feet to a yard and 5,280 feet 
to a mile. These units and relationships 
became the backbone of a system with 
standard values and ease of use in 
commerce, causing it to be used widely 
throughout the English colonies. 

In the meantime, while England 
was spreading this system to the Com
monwealth, the French was develop
ing another system - the metric sys-

I 
I 

tern. Today, this system has evolved 
into the Systeme Internationale, a 
worldwide standard based on three 
units: meters to measure length, kilo
grams to measure mass and seconds to 
measure time. All other units in the SI 
system can be derived from these units. 
Also, in a departure from other sys
tems, the SI system is based on decimal 
conversions- that is, on the multipli
cation or division of 10 and its powers. 
Conversions within the system can be 
made by simply shifting the decimal 
point. 

Although the metric system was 
first greeted with skepticism and sus
picion, its use was steadily incorpo
rated in France following an 1840 
French law making its use mandatory. 
From that point the metric system 
spread rapidly throughout the world. 
Today it is used in more than 90 per
cent of the world's countries. 

Some wonder why the metric sys
tem isn't currently in use in the United 
States. Thereisnosimpleanswer. Basi
cally, when the opportunity arose, it 
was ignored. Early Congresses chose 
not to conform to the world's stan
dard. It seems some Congressmen did 
not see the importance and others were 
blindly nationalistic, with the senti
ment: "We're the best country in the 
world. Why should we conform to ev
eryone else?" 

Furthermore, after the massive in
dustrialization of the country took 
place, the cost of changing systems of 
measurement rose significantly- do
ing substantial damage to the argu
ments of proponents of metric conver
sion. According to Frank Donovan in 
his book Prepare Now For A Metric 



Future, "The debate on whether the 
United States should adopt the metric 
as its sole official system ... is perhaps 
the world's longest nonstop argument; 
it has continued for over a century and 
a half. At times, the conflict has quietly 
simmered for two or three decades ... 
then periodically, the controversy has 
livened to a raging boil." It appears 
currently the debate is quietly simmer
ing. 

Advantages of the 
metric system 

The problems with the English 
system of measurement are in effect 
solved with the advantages of the met
ric system. Cumbersome conversion 
factors within the English system are 
replaced by the decimalized SI system, 
which reduces confusion over the deri
vation and meaning of certain units. 

Illustration by Daniel Ruen 

There is also a distinct advantage in the 
metric system's wide-ranged accep
tance and use over the isolationistic 
English system. 

The advantages of the SI system's 
decimal nature can perhaps best be 
shown in the engineering profession. 
Donovan explains, "Engineers will be 
more affected by a change to the metric 
system than any other group ... for no 
other profession is more intimately as
sociated with precise measurements 
and computations based on measure
ments. It has been estimated that the 
exclusive use of SI units in engineering 
computations shortens them by some 
60 percent to 80 percent in length and 
time." 

In his book What about metric?, 
Louis E. Brabrow explains one of the 
most confusing points of the English 
system: "a pound can mean either force 
(as in pounds required to break a rope) 

or weight (as in a pound of sugar); an 
ounce can mean either volume (as the 
number of ounces in a quart) or weight 
(as the number of ounces in a pound.)" 
This type of confusion is alleviated 
when using the metric system, in which 
the foregoing English units would be 
theN ewton, kilogram, cubic meter and 
kilogram, respectively. 

More important, the metric sys
tem defeats the English system of mea
surement in its worldwide compatibil
ity. Dealing with foreign companies 
forces U.S. companies to either convert 
all units to the English system, or to 
manufacture their goods in the SI sys
tem. Either one of these decisions 
means extra work for American indus
tries, giving the advantage to foreign 
competitors who already are familiar 
with the SI system. 

As an answer to the metric system's 
decimal superiority, it should be noted 
that the United States is already using 
a decimal system of measurement -
basically a decimalized English sys
tem. Fact is, in industries that deal with 
rather small dimensions, such as ma
chining, all measurements are done in 
a decimalized English system. For this 
reason, the metric system's edge as a 
simpler, more user-friendly system 
becomes a "moot point/' according to 
Myron Hanson, vice president of Go
pher Machining. "Most of the mea
surement is done with respect to inches 
and thousandths of an inch/' he says. 

Jeff Tupper, a mechanical design 
engineer for Rosemount Engineering, 
agrees. "Everything we design is in 
thousandths of inches. I have a feel for 
what a thousandth of an inch is." 

Nevertheless, the metric system's 
other advantages would compensate 
enough to make conversion an attrac
tive option for the United States. It 
wouldresultinareductionofthenum
ber of units, and would also clear up 
the confusion surrounding the dual
purpose pound and ounce. Also it 
would put the United States in step 
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with the rest of the world regarding 
measurement. The ease of interchange
ability between parts and tools, and 
the common ground in international 
communication would be a definite 
gain. 

Costly conversion 

The question that every proponent 
of metric conversion must answer is 
this: "Can the advantages that would 
be gained as a result of a changeover 
justify themselves over the problems 
that would be encountered?" 

In this light, finding a strong
enough argument in favor of conver
sion has not yet surfaced. Concerted 
efforts have been made and the public 
nearly convinced, but the leaders of 
industry haven't seen a need pressing 
enough to change over to the metric 
system. And industries are not likely 
to make changes that do not readily 
present profitable advantages, espe
cially when such changes would bring 
a host of problems. 

The most serious problem with a 
mass changeover would be the initial 
cost. Machines would have to be re
tooled, gauges changed and new tools 
designed. Also, it would be necessary 
to have two sets of tools, machines and 
spare parts for the conversion period 
and for some time afterward. The enor
mous price tag placed on such a 
changeover, coupled with the time that 
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such a conversion would take, could 
cost companies their livelihood. "In 
[totally] converting over today, we 
would lose ground on our competi
tion," explains Tupper. 

As yet, no one has found a reason 
pressing enough for metric conversion 
that would justify an immediate full
scale conversion. In these times of eco
nomic doldrums for the United States, 
industrial leaders are not looking to 
add to their costs with the staggering 
costs of such a changeover. The situa
tion will likely remain as it is: in a state 
of limbo between exclusive use of ei
ther system. 

Caught between an apple 
and an orange 

Beverages are sold in liters, drugs 
are sold in milligrams and engines have 
specifications in metric quantities. 
These are everyday situations that 
Americans have become accustomed 
to- they know certain quantities in 
the English system and others in the 
metric system. This is the result of a 
major effort made in the 1970s to con
vert to the metric system. After this 
drive stalled, the changes made re
mained, but no additional conversions 
were pushed through - leaving the 
country in the current middle ground. 

This middle ground is apparent in 
many companies. Some industry work 
is done in the metric system today, but 

most often if metric measurements are 
used in design and manufacturing, they 
are used along with English units. Such 
dual dimensioning can cause confu
sion if an operator mistakes one value's 
units to be of the wrong system. There
fore use of both systems is not a long
term solution for companies in the 
United States that are trying to reach a 
common standard with the rest of the 
world. 

The future of measurement in 
the United States 

In the near future, the United States 
will likely continue its use of both sys
tems of measurement. The costs of 
immediate conversion to metric mea
sures are just too expensive to pay all at 
once. If the United States hopes to keep 
its place in world industry, however, it 
cannot afford to drop the metric sys
tem altogether. Thus, U.S. schoolchil
dren will have to continue learning 
and working with two measurement 
systems. 

The great metric debate may now 
be "quietly simmering" as Donovan 
stated, but it is definitely not dead. 
Professionals within the "real world" 
of industry, such as Hanson and 
Tupper, doubt that a full-scale conver
sion will occur in their lifetimes, but 
most scholars agree that a conversion 
is inevitable. Metric conversion will 
probably continue unit by unit, gen-

See metric, page 26 



Stonehenge from 13 

transport would have been nearly im
possible. Over land, the largest sarsen 
would need to have been pulled by at 
least 500 men using a log and rope 
technique up hills, with an additional 
100 workers setting down logs for use 
as wheels. At this rate, to transport one 
stone would have taken about a year. 

Before the sarsens were erected, 
they were squared and polished with a 
heavy stone hammer the size of a foot
ball. The trilithons were held in place 
using a mortice and tenon system of 
joints - a system of projections and 
corresponding hollows for vertical con
nections. Also, a tongue-and-groove 
connection was used to hold neighbor

ing lintels together 
around the circle. This 
technology was prob
ably derived from 
wooden construction 
methods used at the 
time. The precise and 
smooth stones charac

teristic of Stonehenge's trilithons, how
ever, are atypical for the generally ir
regularly shaped stone rings existing 
in the British Isles. 

After the erection of the sarsens, 
the bluestones of Stonehenge II were 
dressed into shape, and erected in an 
oval on the site of another horseshoe
ring. This process was never completed, 
however, and the oval setting of stones 
was demolished. Also at this time -

around 1550 BC -the unshaped stones 
still left from Stonehenge II were placed 
in a circle 

At around 1100 BC, the surround
ing stones were extended beyond 
Stonehenge Bottom, the nearby valley 
to pass over the hill to the east. 

At completion, the Stonehenge III 
construction had a series of 16 lintels. 
Unfortunately, today few lintels re
main- because stone is strong under 
compression, yet weak in tension. 

VVhy Stonehenge? 

The proposed purposes for 
Stonehenge have varied: a temple of 
the sun, a temple of the serpent, a 
shrine of Buddha, a planetarium, a 
calendar in stone and even a gigantic 
gallows on which defeated British lead
ers were hanged. 

In short, numerous plausible theo
ries have been suggested, but none has 
been proven. 

One common theory is that 
Stonehenge was an eclipse predictor
-eclipses were important phenomena 
to the religious men of the day. It was 
quite possible that by this time a calen
dar and astronomy had been worked 
out, though archaeologists question 
whether the mathematicians of the time 
were advanced enough to do so. 

Experts say that Stonehenge I was 
likely built for astronomical purposes, 
and Stonehenge II and III were added 

for religious, awe-insp1nng reasons. 
The stones at Stonehenge have been 
shown to provide predictions of lunar 
and solar eclipses. They could have 
been used in this 
way once or twice a 
year by priests as 
part of a death and 
rebirth festival. 
Some astronomers 
think that the 
Stonehenge struc
ture can be used to calculate time along 
the Metonic cycle that occurs every 19 
years. It resets the lunar orbit each 
time. The horseshoe-shaped circles 
have axes that line up with the mid
summer sunrise and sunsets. Also, the 
Heel Stone, when seen from the geo
metric center of Stonehenge, is aligned 
to coincide with the first sunrise on the 
summer solstice. 

This data suggests that the build
ers of Stonehenge essentially wanted a 
clock. It seems to be an observatory 
and time keeper; though not a Timex, 
it takes a licking and keeps on ticking. •!• 

Sources 
Hoyle, Fred, Sir. On Stonehenge. San Francisco: 
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Richards, Julian. English Heritage Book of 
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UFOs from 17 

the year .... 
So, with all this mystery around 

us, what should we do to make it 
easier for any beings that might be 
out there to contact us? Even now 
scientists are listening intently, via 
radio observatories, to whatever the 
universe has to offer - hoping to 
one day find a pattern hinting at 
intelligent intervention. Pictures, 
symbols and even a gold phono
graph record have been sent into 
space on unmanned probes in order 
to give anyone who finds them a 
hint of what we're like, as well as a 
road map of how to get here. 
Scientists have also beamed a three
minute message into the great 
beyond, in the hopes that someone 
is listening. By the way, better mark 
your calendar - if anyone is 
listening, we can expect a reply in 
about 50,000 years. In the mean
time, we earthly folk will have to be 
content to sit back, scan the night 
sky and watch the pretty lights. 

Maya from 21 
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Author's note: All the italicized 
scenes are based on actual reports 
on file with the U.S. Air Force. •!• 
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AT MOST COM IES, THE S 
FOR US, IT'S JUST 

liquid Air, one of America's leading 
industrial gas companies, offers you a 
variety of unique career opportunities 
to utilize the sky's endless resource
air - in a limitless array of applications. 

As an MBA or Engineering 
graduate, you'll be working in virtually 
every industry on leading edge 
technology that has beneficial uses in 
the real world. For instance, we're 
developing advanced ozone technolo
gies that help eliminate the need for 
harmful chemicals in everything from 
drinking water to pulp and paper 
products. Our laser and lasing gases 
enable surgeons to perform laser 

procedures with greater precision. 
And we're working with ultra-pure 
process and carrier gases to help 
create today's super semiconductors. 

MBAs can choose careers in 
product management, strategic 
planning, finance, marketing or sales. 
Engineers will find opportunities in 
production, project, design and 
applications engineering, as well as in 
sales and marketing. 

We are the American affiliate of 
Air llquide, the world's largest indus
trial gas organization, which offers 
you national and international career 
opportunities. And our progressive 

career development and management 
programs mean there are endless 
possibilities for advancement. 

So if you want your career to soar 
above the clouds, contact Liquid Air or 
call your college placement office 
today. 

LIQUID AIR 
AN AIR LIQUIDE GROUP COMPANY 

2121 North California Blvd. 
Walnut Creek, CA 94596 
(510) 977-6500 

© 1992 Liquid Air Corporation 
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Are you in your right mind ... or your left? 
Some say that you can harness creative powers by using the right side of your brain. Others 
say there is no evidence to back that up, and that left/ right brain proponents are just looking 
for another way to label people. 
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Virtual hype 
Columnist Anton Crane says that all the excitement about virtual reality has falsely led 
people to believe The Lawnmower Man is just around the corner. 
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Looking for a job? Better get an internship 
Since many companies are cutting back on new hires, an internship may be a good way to 
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Brain-like computers are teaching themselves 
Artificial intelligence researchers are developing computers that are built much like the 
brain to simulate the problem solving skills we thought only we had. 
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Biocomputing: synthetic brains 
Scientists are studying ways to use living cells as building blocks for the next generation of 
computers. 
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Failing calculus may not be your fault 
Researchers studying twins say that personality traits and intellectual ability has more to do 
with genetics than the environment. 
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About the cover ... 
Even with new technology that attempts 
to imitate the brain, none yet come 
close. 
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his time last year, I sat at a 
at the LT. Week Tech Fair, 

behind my construction-paper 
sign that read: "Join Technolog! 
Be heard!" 

I patiently waited for poten
tial writers and photographers to 
flock to my table and join the 
magazine. 

I had even provided cookies 
to lure potential hires away from 
the plastic neon sunglasses that 
Anderson Consulting was giving 
away at their booth. 

But instead of entertaining 
flocks of people, I found myself in 
a conversation with a man from 
another booth, who had no inten
tion of joining Technolog. 

He was just as bored as I was 
at that point, because all the other 
Techies were at the more-enter
taining robotics exhibit. 

But shortly after he left- as I 
was contemplating whether I 
should hop over to the exhibit 
with everybody else- I got my 
first real taste of the tradition of 
LT. Week. 

Anoldermanapproachedmy 
table and stared at my sign. For a 
second I actually wondered if he 
might want to write for me this 
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year. 

Then he introduced himself. 
"I was the editor of Technolog 50 
years ago," he said. 

I couldn't believe it. He had 
my job in 1942? He was more than 
just my predecessor - he edited 
during World War II. I was talk
ing to Techno log history .... And I 
didn't know what to say. 

In all my eloquence, I man-
d d "W " age to utter one wor : ow. 
But I soon gained control and 

chatted with him for a while. He 
told me that he'd been around the 
world doing research and was in 
town for an engineering reunion. 

He said he still enjoyed read
ing Technolog. 

In those few minutes, I felt 
rejuvenated, motivated. It began 
to sink in that I was part of a long 
history at the Institute of Technol
ogy. I was proud to be involved. 

This year is the 75th anniver
sary of LT. Weekattheinstituteof 
Technology, and Plumb Bob 
wants everyone to show up and 
celebrate. 

I say you should also go to get 
remotivated and excited about 
your futures in science. 

LT. Week, May 3- 7, will fea
ture a comedy troop, the."Build-

iti 

by 

Esther Haynes 
Editor in Chief 

ing a New World" project, the 
Technology Fair and, as always, 
the LT. Olympics. 

Show up to see it all. 
The week is organized by 

Plumb Bob, the leadership honor
ary society of I. T. They've been 
hosting it for 75 years, and they 
know what they're doing. 

Don't forget to bring copies of 
your resume to the Tech Fair on 
May 5 and 6, because many com-
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panies will be there to show off 
their new technology. 

And enter the LT. Olympics 
- the winner will get the "Baby 
Blarney" trophy, one of Plumb 
Bob's numerous wacky traditions. 
Plus you get to toss calculators 
and race your peers on a tricycle. 

I.T. Week logo courtesy of Plumb Bob 

No other college on campus 
has a week to call its own. So go 
and be proud, go and schmooze 
the bigwigs, go and have fun. 

You won't be sorry. •:• 
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By Andrew Denker 
For Minnesota Technolog 

f you're looking for new ways to 
u · ash your inner creativity, author 
Betty Edwards may have the solution 
for you. 

Use the other side of your brain. 
Edwards says that people can in

crease their creativity and heighten 
their intuition -just by learning how 
to "awaken" the right sides of their 
brains. This concept is known as the 
two-mind theory, and Edwards says 
that her art students are proof that it 
exists. 

In her book, Drawing on the Right 
Side of the Brain, Edwards lists many 
examples of marked improvement in 
the artistic abilities of her students af
ter they did some of her right-brain 
exercises. Edwards says many of her 
students reached what she calls the "R
mode state," or heightened right-brain 
awareness, as they worked. They felt 
"alert, but relaxed- confident, inter
ested, absorbed," she claims. 

In the book, Edwards introduces 
several ideas that build upon accepted 
scientific theories about the brain. An 
individual's ability to draw, she says, 
is "perhaps mainly controlled by the 
ability to shift to a different-from-ordi
nary way of processing visual infor
mation." 

People can initiate this change by 
recognizing that there are "two paral
lel ways of knowing," Edwards says. 
The left brain is logical, symbolic and 
sequential, whereas the right brain is 
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intuitive, concrete and spatial, she says. 
But she doesn't stop there. According 
to Edwards, with the right side of the 
brain we "use intuition and have leaps 
of insight- moments when 'every
thing seems to fall into place' without 
figuring things out in logical order." 

Although few dispute that the two 
sides of the brain control vision, speech 
and movement differently, there is 
some debate as to what extent the two 
sides of the brain control different func
tions. Two-mind theorists believe that 
the right brain has great potential to 

• 
I 

increase creativity if only people could 
learn to "unlock" that potential. Oth
ers say the theory is merely scientific 
rumor and myth, and that the hemi
spheres of the brain are really quite 
interdependent. Either way, the idea 
has caught hold in our society and the 
concept of "right-brain" and "left
brain" thinking has infiltrated our 
popular culture. 

Right-brain revolution 

Scientists have shown that there 



are functional differences between the 
hemispheres of the brain. The left and 
right sides, for example, work 
"contralaterally" - each controlling 
the opposite side of the body. Thus, the 
left hand is controlled by the right side 
of the brain. Also, studies of brain
damaged people show that speech and 
verbal processing are controlled, or 
"lateralized," in the left brain, and that 
spatial and visual processing are later
alized in the right brain. 

It is on this concept of lateraliza
tion that the two-mind theory is based. 

"By thinking in images instead of 
words, the right brain can recognize a 
face in a crowd or put together the 
pieces of a jigsaw puzzle, which would 
totally baffle the left brain," says Tho
mas Blakeslee, author of The Right 
Brain. 

Blakeslee advocates the two-mind 
theory. In his book, he cites the "inner 
sports" theory of the mid -1970s. Ac
cording to this theory, when a person 
plays a game, the right brain plays the 
game instinctively while the left brain 
attempts to distract the player. Thus, 
the key to inner sports is to enter a 
"zone" in which the left-brain interfer
ence has no affect. 

Blakeslee says that this blending 
of both brains, with a heightened right
brain awareness when needed, is often 
what yields genius-like discoveries. 

"Man's highest achievements are 
a result of using the full power of both 
halves of the brain together," he says. 

People can begin this mind-meld
ing by studying Eastern theories of 
thought, Blakeslee says. Nonverbal 
consciousness - or what Blakeslee 
describes as an advanced right brain 
- is found in some Asian philoso
phies, such as Taoism and yoga. Each 
of these disciplines, he says, is "the 
polar opposite of verbal Western intel
lectualism," and can lead to right-brain 
enhancement. 

Edwards and Blakeslee both criti
cize the U.S. educational system for 

concentrating on what they describe as 
the left hemisphere's type of thought 
- analytical subjects and rote memo
rization of names and dates. This sup
presses creativity and intuition, they 
say. They believe more information 
should be presented in "right-brain 
style," emphasizing hands-on learn
ing. 

"In time, I am sure," Edwards says, 
"my cognitive-shift method of teach
ing . . . will be further developed by 
teachers and researchers in art and 
applied in other fields." 

Just more labels 

Not everyone, however, is as en
thusiastic about the two-mind theory 
as Edwards and Blakeslee. 

"There's a lot of overlap in the way 
in which the two hemispheres oper
ate," says Stanley Coren, a professor of 
psychology at the University of British 
Columbia, "and there is little evidence 
that tremendous differences in think
ing styles, so entrenched in the public 
mind, are really characteristic of the 
left and right hemispheres." 

He says of two-mind theory pro
ponents: "Sometimes being a scientist 
is more of a burden than remaining 
blissfully ignorant of the facts." 

According to Coren, the popular
ity of the two-mind theory stems in 
part from the novelty of the new set of 
labels it gives to the public. He says the 

right/left brain theory serves the same 
function as astrology does in society: 
to label people and give explanations 
or excuses for behavior. These labels 
have no scientific backing, Coren says, 
because no one could be solely left
brained or right-brained. 

Psychologists Sally Springer and 
Georg Deutsch are also skeptical of the 
two-mind theory. They claim that the 
popularity of the theory stems from 
society's tendency to try to use a simple 
theory to explain complex differences 
in people. Often oversimplification 
leads to overs peculation, Springer and 
Deutsch say. Although they agree that 
the left hemisphere of the brain con
trols the verbal functions and the right 
hemisphere controls the nonverbal, 
visuo-spatial functions, Springer and 
Deutsch say that anything beyond that 
is merely speculation or sensational
ism. 

Whole-brained or 
hare-brained? 

Two-mind theorists may have little 
scientific evidence to back up their theo
ries, but they're adamant that they see 
the results in people who have done 
right/left-brain exercises. Their oppo
nents, on the other hand, call it mere 
sensationalism. So far, neither side has 
eno~gh concrete evidence to defini
tively end the debate. Stuck at an im
passe, they can only wait until science 

See Right, page 27 
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By Anton Crane 
For Minnesota Technolog 

he idea of virtual reality has been 
rage in the past few years. Ever 

since the movie The Lawnmower Man 
debuted, the media has played up the 
vast possibilities associated with vir
tual reality. The entire world, people 
said, would be connected by comput
ers, and everyone could sit at home in 
full virtual-reality gear and interact 
with others, seemingly face to face 
through computers. You could see, 
hear, smell and touch others who were 
hooked into the system. They described 
a completely separate world -inside 
of a computer. 

The possibilities seemed endless. 
Now it seems only the hype is 
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It brings another hyped computer 
innovation to mind. Anybody remem
ber Zork? Zork was a computer game 
in which the computer accepted writ
ten English sentences as commands, as 
long as there were no indirect objects, 
clauses or anything else that makes 
our language fully functional. The 
game was supposed to make the play
ers feel like they had real choices and 
control over their fate during their wild 
adventures in a strange land. But it 
didn't always turn out that way. 

Instead, the player would often 
get frustrated with the limits of the 
game's vocabulary and type "go eat 
yourself," or a related derogatory 
phrase, as a command. The offended 
computer would then beep and flash 
"bad name error" at the player, who, 
irritated, would load up Castle 
Wolfenstein and blow away a few thou-

sand bad guys to forget about the an
noying game of Zork. 

So much for innovation. 
The games didn't get much better. 

They never accepted actual written 
English sentences that normal people 
would use. So the players had to spend 
half their time figuring out how to 
communicate the exact command to 
the computer, in only the most generic 
English. Zork did give the player a 
feeling of being inside the story and 
tinkering with the flow of things, but it 
never came close to our full expecta
tions. 

Virtual reality today is as far from 
presenting "reality" as Zork was from 
expressing the English language, per
haps even a little further. The hyped 
vision of virtual reality- one of float
ing through space and physically jour
neying to other worlds by computer
fools the public into thinking that such 



technology is just around the corner. It 
is not. 

At the University of North Caro
lina, virtual reality research is under
way for pharmaceutical applications. 
Henry Fuchs, professor of computer 
science, sums up the discrepancies be
tween the public's perception of vir
tual reality and the actual reality: "We 
haven't a clue how to do that." 

The. hype over virtual reality is 
growing at a far faster rate than the 
capabilities of virtual reality itself. 

In actuality, the limits on attaining 
the virtual reality as envisioned in 
Neuromancer, The Lawnmower Man 
or any of a score of science fiction nov
els, is speed. Computers would have to 
operate at a speed at least a thousand 
times faster than today's best to even 
come close to producing a reliable vir
tual reality model. 

Another limiting factor is money. 
Supertechnology is within our reach 
through parallelism - the technique 
of linking several thousand micropro-

cessors together to form a computer 
capable of performing faster than 
today' s best supercomputers - but 
many corporations are hesitant to 
"downgrade" toward parallelism. 
With many budget cuts in research 
programs across the country, many 
argue against speeding up the quest 
for true virtual reality because the price 
for today' s technology will be cheaper 
five years from now. Why allocate 
funds for research now when it will be 
cheaper, and hopefully the economy 

Photo by Paul Owen 

This is one of the 
many eager 
participants of 
the virtual reality 
game at 
America's 
Original Sports 
Bar in the Mall of 
America. 

more optimistic, later? 
The military and the entertainment 

industry are responsible for much of 
the hype over virtual reality. In enter
tainment, virtual reality video games 
and movies give virtual reality an un
realistic reputation. And the media has 
promoted the military's Patriot mis
siles-guided like" cybernetic sharks" 
to the correct target- as if the missiles 
useq standard technology that could 
perhaps soon be used in everyday life. 

When Zork first came out, people 
See Reality, page 27 
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By Adam Talle 
For Minnesota Technolog 

ke many students, Institute of 
gy senior Steve White is con

cerned about where he's going to work 
after he graduates. 

But if experience counts for any
thing, White may have less to worry 
about than others. He's got an intern
ship on his resume. 

White was one of seven University 
of Minnesota students to participate in 
last year's annual Minnesota Techni
cal Assistance Program internship. 
MnTAP- a University organization 
that helps Minnesota companies re
duce waste - pairs volunteer interns 
with companies to come up with new 
methods of waste reduction within the 
company. 

MnTAP interns have not only 
helped the environment, but they've 
saved companies money too. As a 
MnTAP intern, White worked for 
SCIMED Life Systems in Maple Grove, 
Minn. When he started, the company 
was using CFC-113, an ozone-deplet
ing chlorofluorocarbon, as part of a 
cleaning process for manufacturing 
medical equipment. 

But White soon came up with a 
better alternative. 

He proposed using isopropyl al
cohol as a cleaner instead of CFC-113 
-and saved the company $20,400 per 
year. 

White said saving money for 
SCIMED was a fortunate result of the 



environmentally conscious internship. 
"I'm glad I could do something for the 
environment," he said. 

Hands-on experience 

The companies involved in the 
MnTAP internship seem to be pleased 

Photo by Dilip Vishwanat 

with the results too. 
Don Mosch, human resources di

rector of Continental Machines, Inc. in 
Savage, Minn., said his MnTAP intern 
was so critical to the company's waste
reduction efforts during the summer 
of 1991 that the intern was asked to 
continue his work later that year. 

MN Tap's internship director 
Rich Bosshardt helps find U of 
M students to take part in 
waste-reduction programs in 
Minnesota. 

"He kept the cohesiveness of the 
program going through the summer," 
said Mosch. 

Val Sybrant, human resources re
cruiting specialist of SCIMED, said in
terns are a "positive thing," and are 
generally trustworthy because they go 
to school and tend to be dedicated to 
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their work. 
"We look at (internships) as a good 

tool to use," Sybrant said. "There's the 
opportunity for future employment if 
they work out well." 

MnTAP's internship director Rich 
Bosshardt said White's hands-on ex
perience is important for both students 
and companies. Internships are practi
cal for companies, he said, since today' s 
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hard economic conditions have forced 
manyinstitutionstoscalebackin-house 
training programs and campus recruit
ment for full-time positions. And stu
dent interns gain valuable experience 
to increase their marketability. 

Bosshardt said it's difficult for stu
dents to get engineering jobs without 
experience. "Employers want to know 
what you have done outside of the 

classroom," he said. 

Start now 

But although internship experience 
can help your chances, it's no guaran
tee of a good job right after graduation. 
Mosch and Sybrant both said the bot
tom line has forced their companies to 
downsize the number of their employ-



ees, limiting who they hire. 
Sybrant said her company can only 

afford to hire engineers with at least 
three years' experience, and Masch said 
that in order for Continental Machines 
to stay competitive the company can't 
afford to replace employees who leave. 

Unfortunately, the future doesn't 
seem to be getting much brighter. 

The 1993 Northwestern Univer
sity Linquist-Endicott Report, which 
tracks the job outlook for college gradu
ates, states that 49 percent of the com
panies surveyed will decrease campus 
visits this year. Only 23 percent fore
saw increased visits. 

Furthermore, 42 percent of the 
companies surveyed said they will 
decrease hiring of college graduates 
with bachelor's degrees in 1993. 

These statistics are only slightly 
better than in 1992. The decrease in 
college job recruitment reflects the 
growing trend of companies offering 
internships instead of jobs to gradu
ates. 

"Companies are more often look
ing at internships before hiring," said 
Herb Harmison, IT director of job place
ment. "Companies want to find out if 
the students are good or not before 
hiring them. It can be a gamble." 

Harmison said he expects a de
crease in the number of recruiters on 

campus this year, with Goodyear, IBM 
and General Motors scaling back. In
stead, Harmison said, companies are 
posting internship notices on campus 
without offering jobs. 

Competitive selection process 

But getting an internship these 
days may not be as easy as it sounds. 
According to one of last year's MnT AP 
interns, the screening process for the 
internship is no cake walk. 

Each applicant for the MnTAP in
ternship has to submit an application, 
a resume and an essay about their goals, 
achievements and experience. 

The applications and essays are 
reviewed by Bosshardt who look for 
academic achievement, creativity and 
a self-starting attitude. 

"They do a good screening job," 
said White. "I tried not to worry too 
much about it." 

When Bosshardt has whittled the 
number of students down to a reason
able number, interviews are arranged 
with the companies that will be work
ing with the interns. 

Bosshardt said over 100 IT stu
dents have expressed interest in this 
summer's internship, but only five or 
six applicants will land a spot with a 
company. 

'Companies want to find 
out if the students are 

good or not before hiring 
them. It can be a gamble.' 

-Herb Harmison 

Companies applying for the free 
intern help are also screened. MnTAP 
reviews company proposals, visits the 
companies' facilities and then chooses 
the organizations that best fit the spirit 
of MnTAP's pollution-prevention ef
forts. 

"We also consider how long the 
project will take to complete, so that 
the student can make progress on it 
over the summer," said Bosshardt. "We 
try to keep the programs focused." 

Employers and job-placement di
rectors say internships like MnTAP's 
are the ammunition students need to 
track down jobs. 

Harmison's advice for soon-to-be 
graduates: "Be persistent" and "look 
for internships." 

"The more you learn the earlier the 
better off you'll be," he said. •!• 
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By Alice Chen 
Technolog Staff Writer 
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magine a puzzle, a complex one. 
suppose the puzzle is just a tiny 

part of another puzzle. Next imagine 
both puzzles as part of yet another 
puzzle, one that is exponentially more 
complex than the first. This pattern 
keeps going until you realize that if 
you are going to solve this mystery, 
you aren't going to do it by looking at 
each individual section. It gets so com
plex that just comprehending the na
ture of the puzzle becomes a formi
dable task. 

Dr. Robert A. Gross of the 
University's Department of 
Neurosurgery is trying solve this 
puzzle - the human brain. Gross is 
studying the brain to determine how 
nerves turn on and off. 

Gross's research has several focal 
points, all involving the mechanisms 
by which ion channels are regulated. 
Ion channels are gateways that control 
the electronic current flow through cell 
membranes by selectively moving ions 
into or out of the cell. 

The first area involves calcium 
channels. The flow of calcium through 
ion channels controls the process for 
releasing neurotransmitters- chemi
cals that cause nerves to communicate 
among themselves- that activate a 
variety of enzymes and other ion chan
nels. Gross's research in this area will 
lead to a better understanding of the 
nervous system and how it works. 
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Gross also analyzes how anti-con
vulsant drugs- such as valproic acid 
and ethosuximide, two drugs used to 
control epilepsy- affect neuronal cal
cium channels. 

"If we can determine differences 
in basic signaling processes in normal 

• 
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and diseased brains, we may be able to 
develop new pharmaceuticals to help 
those with neurological diseases like 
epilepsy and Parkinson's disease," 
Gross says. 

Another focus of Gross's research 
is the amino acid gamma-amino-bu-

Illustrations by Jennifer Hughlett 



tyric acid, or GABA. GABA is an in
hibitoryneurotransmitterthatactivates 
a chloride ion channel. Gross first stud
ied GABA at the University of Michi
gan with Dr. Roy Twyman and Dr. 
James Ferrendelli. Gross and other re
searchers are attempting to determine 
how GABA changes the shape of the 

University of 
Minnesota 
Neurologist, Dr. 
Robert A. Gross 
M.D., Ph.D. is 
conducting 
research in an 
attempt to 
understand how 
nerves turn on 
and off. 

Photo by Dilip Vishwanat 

channels and how certain anti-convul
sants affect the GABA channel. 

Although the solutions to the mys
teries of our nervous system may take 
a lifetime to find, along the way scien
tists will gradually gain a better under
standing of how nerves turn on and 
off. The answers, when found, how-

ever, will likely be just a small piece of 
a puzzle within a puzzle within a 
puzzle. 

"The brain is incredibly complex," 
says Gross, "and recently, the rate in 
the growth of knowledge about the 
brain has increased tremendously ... 
but there is much more to learn." •!• 
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cience-fiction writers and moviemakers have long 
t ith the idea of artificial intelligence. They've created 
worlds populated by robots, and computers that think like 
humans- only better. 

In the Star Wars trilogy, George Lucas conjured up robots 
R2D2 and C3PO as companions for our movie heroes. Authors 
Isaac Asimov and Arthur C. Clarke have both written novels 
in which machines do everything from flying spaceships to 
performing surgery. And in the Terminator movies, Arnold 
Schwarzeneggerplaysarobotthateventuallysavestheworld. 

But today' s scientists are trying to make those ideas more 
than just fiction. And although researchers may not have 
come up with anything rivaling the Terminator yet, in recent 
years they have made significant progress building comput
ers that can simulate human intelligence. Such studies are 
done by scientists in the field of artificial intelligence- or AI, 
as it is commonly known. 

Expert systems 

AI specialists have used a variety of approaches to mimic human intelli
gence with computers. Expert systems, for example, are AI programs that use 
knowledge from specialists in a particular field to solve specific problems. To 
make expert systems, the computer programmers interview experts in a given 

See Computers, page 16 
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scientist has yet been able to devise a computing 
more advanced than the human brain. The brain can 

a .. face in a crowd in fractions of a second, and still 
allow us to walk and chew bubble gum at the same time. But 
scientists are not about to give up trying to outdo evolution. 

Based on a model of the brain's structure and its chemical 
processes, researchers are attempting to construct what some 
have termed the "sixth generation" of computers - the 
biocomputer. 

Biocomputers are difficult to define because the molecu
lar computing field is still in its infancy. But, in general, a 
biocomputer is a type of molecular computer that uses or
ganic molecules to detect, process, transmit or store informa
tion. 

Natural biocomputers include every plant and animal in 
our biosphere. And although man-made biocomputers have 
yet to be fully developed, primitive prototypes are beginning 
to show up. Such artificial biocomputers are blurring the 
boundary between the living and non-living, the organic and 
non-organic ... and will perhaps one day even cross the border 
that separates humans and machines. 

Real computer bugs 

At the Max Planck Institute for Biochemistry in Germany, scientists are 
studying one potential biocomputer component: bacteria from ancient bugs. 

The bugs grow in warm stagnant pools, and contain a unique pigment, 
See Biocomputers, page 18 
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field, and then put the relevant infor
mation into programs that reflect the 
behavior of human specialists. 

One of the first expert systems, 
called MYCIN, was developed in 
Stanford in the early '70s. MYCIN di
agnoses infectious blood diseases by 
applying if-then rules to patient symp
toms. These rules were made based on 
knowledge gathered from medical 
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doctors who regularly performed such 
diagnoses. An example of the type of 
rules found in MYCIN is: "If patient A 
exhibits characteristics X andY, then 
the infectious blood disease is not M." 
MYCIN saved doctors time and money, 
allowing physicians who were not ex
perts in hematology and neurology to 
receive knowledgeable advice from a 
computer. 

Neural networks 

Some AI practitioners prefer to use 
a different method for creating intelli
gent computers. One technique in
volves modeling computer processing 
elements to resemble the architecture 
of nerve cells in the human brain. These 
computer elements are called neural 
networks, because they function much 
like organic neurons. 

Illustration by Jennifer Hughlett 



The billions of neurons in the brain 
act as transmission lines for brain sig
nals. The neurons are linked together 
and transmit signals to the entire body 
via chemical and electrical impulses. 

A transmitted brain signal flows 
through four different regions of an 
individual neuron before moving on. 
One end of the neuron consists of re
ceivers, called dendrites. The dendrites 
receive chemicals - named neuro
transmitters- that trigger an electri
cal impulse through the body of the 
neural cell. From the body of the cell, 
the electrical impulse travels into a 
long, thickened area called the axon. 
When the signal reaches the end of the 
axon, it emits another neurotransmit
ter that diffuses across a barrier to ad
jacent neurons. This barrier, called the 
synapse, determines how much influ
ence a neurotransmitter will have on 
its neighbors. If the synapse is strong, 
neurotransmitters will not affect neigh
boring neurons. 

Computer neural networks are 
made up of processing elements that 
are very similar to those in the brain. 
The components that represent neu
rons are called units, and they transfer 
data back and forth through connec
tions- called links- that act as arti
ficial dendrites and axons. Computer 
synapses are created by weighting the 
links between units; the weights deter
mine how strongly the units influence 
their neighbors. A large weight, for 
example, indicates that a unit has a 
strong influence on its neighbors. 

Standard neural networks have 
three layers of units: the input, hidden 
and output layers. The input layer is 
composed of units that take in infor
mation from the computer user on the 
outside. This information is sent via 
links to the units in the hidden layer. 
The hidden layer modifies the data 
and transfers it through the links to the 
output layer. Then the output layer 
sends the final data back to the com
puter user. 

This type of system is faster than 

conventional computer systems be
cause each transistor is hooked up to 
most, if not all, of the others. Thus, a 
signal entering the system spreads out 
rapidly across the entire network. 

Computers that learn 

Scientists believe that human learn
ing occurs when the effectiveness of 
the synapses change. If a particular 
neuron contributes to the wrong an
swer on a test, for instance, the brain 
minimizes that neuron's transmission 
by increasing the strength of its syn
apse. In doing this, the neuron can no 
longer affect its neighbors, and the 
undesired result- the wrong answer 
-is eliminated. 

This process occurs in neural net
works as well. If data for a particular 
problem is fed into the network and 
the output answer is wrong, the 
weights of the links between the units 
are changed. 

In some systems, the programmers 
have to change the weights of the links 
themselves. But recently, using a con
trolled method of altering weights, AI 
practitioners have developed neural 
networks that -like the brain -learn 
from their own mistakes. Such net
works are "trained" with sample prob
lems in a three-step training process. 

First, a programmer gives the net
work an example problem, and the 
computer develops an answer. Then, 
the network compares its answer with 
the correct one. Next, using various 

mathematical methods, the network 
modifies its weights and develops a 
new answer that more closely re
sembles the correct answer. Then the 
computer repeats the process, and con
tinues to do so until the network's 
answer precisely matches the correct 
one. At that point, the computer con
siders itself trained, and the final 
weights are permanently stored for 
future use. 

Often, numerous example prob
lems are necessary in the training pro
cess to give neural networks the ability 
to solve many problems. The 
McDonnell Douglas Corp., for instance, 
developed a neural network to act as a 
flight controller that assisted pilots in 
flying damaged airplanes. The network 
required training that used hundreds 
of example problems involving a vari
ety of in-flight predicaments-such as 
fractured wings or failed engines. With 
the training, the computer was 
"taught" how experienced pilots suc
cessfully dealt with dangerous situa
tions. At the end of the network's train
ing process, pilots who tested it found 
they could fly slightly damaged air
planes as though the planes were new. 

From handwriting to EEGs 

There are hundreds of applications 
for neural-network technology. In fact, 
neural networks have already affected 
most people's lives in one way or an
other. AT&T uses neural networks to 
filter long-distance phone calls. Ford 

See Computers, page 26 
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called bacteriorhodopsin. This pigment 
enables the bugs to carry out photo
synthesis, the process of converting 
light energy into chemical energy. 

Scientists at the institute believe 
that if the bacteria's light-processing 
material could be captured, it could 
lead to new kinds of storage and pro-
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cessing materials for optical comput
ing, and could outperform the best 
electronic switches. 

Scientistshavealreadyisolated the 
bacteriorhodopsin and have used it as 
a film on glass that can be used in a 
similar way to photographic film. Un
like photographic film, however, the 
color change in the film can be re-

versed, and the film re-used. 
The bacteriorhodopsin film has 

been used to record holograms and 
three-dimensional images. This could 
be used to aid in pattern recognition. 
Three-dimensional images of specific 
people, for instance, could be stored in 
the computer and compared with im
ages from a camera scanning a crowd. 
The computer could recognize the pat
terns and could pick out the people 
from the crowd. 

Imitating the brain 

To some extent, artificial 
biocomputers attempt to imitate the 
brain. Each neuron in the brain is con
nected by synapses to up to 80,000 
other neurons. Based on their inputs, 
the neurons produce electrical output 
signals, taking the form of ions diffus
ing through membranes. Then the syn
apses weight these signals and trans
port them to other neurons. 

The brain also transmits informa
tion to the rest of the body. This is done 
in part through hormones released into 
the bloodstream under the direction of 
the brain. Hormones are molecules that 
travel throughout the body until they 
happen upon cells possessing the spe
cial receptor substrate for that hor
mone. The hormone fits into the sub
strate much the way a key fits into a 
lock, and triggers the desired response 
in the cell. The substrate acts as a sen
sor for the particular hormone mol
ecule. 

Insect communication is a good 
example of hormones in action. 
Through special hormones, called 
pheromones, one grasshopper can de
tect another kilometers away. The 
grasshopper's antennae possess the 
"lock" into which the pheromone "key'' 
fits, allowing the insect to detect just a 
few airborne molecules of the hormone. 

Von Neumann architecture 

Biocomputers attempt to capture 
Illustration by Jennifer Hughlett these typically organic kinds of infor-



mation systems and use them in a con
trolled structure. 

Most modern computers are based 
on a structure called "Von Neumann 
architecture." In such a structure, all of 
the computer's instructions are stored 
in memory, and the central processing 
unit accesses and performs them se
quentially. The Von Neumann com
puter is very straightforward to de
sign, control and program. 

This type of computer, however, is 
much slower than it has to be. For 
example, even if instruction B utilizes 
entirely different sections of the CPU 
than instruction A, B must still wait for 
the CPU to finish with A before it gets 
any attention from the CPU. 

Parallel architecture 

Biocomputers will break from the 
silicon mold in many ways. Most of the 
designs that have been proposed use a 
"non-Von Neumann", or parallel, ar
chitecture. This structure-which links 
many smaller computers together to 
form a type megacomputer - allows 
many instructions to be evaluated at 
the same time, cutting computation 
time dramatically. Although some 
modern computers use a limited form 
of parallel processing, none utilize it to 
the degree that biocomputer research
ers hope to one day achieve. 

Biodevices naturally perform func
tions that are difficult or impossible for 
today's technology. For example, con
sider the above mentioned "lock/key"
based molecule detectors. Using this 
idea, a biodevice could be constructed, 
on the molecular level, to detect a spe
cific perfume present in the air. 

The signals inside biocomputers 
will be continuous (analog) signals as 
opposed to the discrete (digital) sig
nals- made of a code of 0' sand 1 's
found inside today' s computers. This 
ability to deal with analog data will 
allow biocomputers to more easily rec
ognize patterns- video, audio, etc.
and make correlations. Consider how 
easily we can sometimes recognize ac-

quaintances after several years, even 
though their physical characteristics 
may have changed. This task is quite 
difficult for digital computers, which 
must first digitize the visual represen
tation of the person, then compare in
dividual features to a database until a 
match is achieved. This provides the 
computer with a huge amount of data, 
and the time required to find a match, 
within a database of any useful size, is 
staggering. 

If computers dealt directly with 
analog visual data, however, the op
eration would be much more efficient. 
It would greatly reduce the amount of 
data the computer needed to sift 
through. Biological organisms already 
havethisabilitynaturally,andcancarry 
it out in fractions of a second. 
Bioengineers, on the other hand, are 
still trying to discover how this is done. 

One significant advantage of the 
biocomputer would be its size. In cur
rent technology, silicon devices are 
running up against what some have 
called the "sub-micron wall." It has 
become increasingly difficult to make 
devices smaller than about 0.8 microns. 
In fact, the chemistry of silicon makes 
it impossible to go much smaller. 

In contrast, consider a single cell, 1 
micron across. The DNA in that cell 
contains all the information necessary 
to reproduce an entire human being
that's 700 megabytes of information. If 
researchers could unlock these biologi
cal secrets, the resulting biocomputer 
would be a valuable tool. 

Rio-obstacles 

Unfortunately, biocomputers have 
a long way to go before we will see 
them in useful products. There are some 
fundamental obstacles to hurdle. First, 
we must gain a better understanding 
of the structure of our own bodies be
fore we can figure out how its structure 
fits into the technological revolution. 

Also, researchers must find the 
proper tools for analog computation 
and programming. Perhaps entire new 
systems of mathematics will need to 
emerge. Analog data is much less 
straightforward than the 1 's and 0' s of 
the digital world, and learning to work 
with this data may take a significant 
amount of time. 

Finally, there's the question of so
ciety. We will be forced to rethink some 
of the fundamental ways in which we 
view computers. Some fear that, com
bined with advances in artificial intel
ligence technology, biocomputers 
could become as "human" as you and 
I. After all, what is the human organ
ism if not one incredibly complex and 
well-integrated biocomputer? 

Perhaps T. Kaminuma and G. 
Matsumoto said it best in their book 
Biocomputers: 

Science in the 20th century has 
demonstrated that the biological 
organisms are a kind of chemical 
computer, but the science of the 
21st century will undoubtedly 
open the road toward engineer
ing implementations of such 

See Biocomputers, page 27 
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Steven Axelson has a bachelor's 
degree in computer science and a 
master's degree in electrical engineer
ing. He is currently writing essays on 
technology and the environment. 

hese days, most people in the 
U:N~-"~,1,,.d States live very comfortable 
lives, compared to those in other coun
tries. We do not have the seemingly 
unconquerable starvation <:tnd malnu
trition of some nations. We do not have 
ongoing civil violence as do countries 
such as Ireland. We have not been 
physically attacked by another nation 
in recent years, as have countries in the 
Middle-East. We have managed to 
overcome difficulties as a nation and 
regain personal comfort and relative 
individual freedom. Except in aber
rant situations, nobody really tells a 
free U.S. citizen what to do with his or 
her time and life. This is left to the 
individual. Naturally, there are legal 
limits on what a person can do, but 
these are formulated more for telling 
us specifically what we should not do. 

Looming in the background of this 
contemporary condition of personal 
comfort is a pervasive problem associ
ated with our entire U.S. culture. It is 
both an intellectual problem and a prac
tical problem for the society of the fu
ture. It is a problem that I feel scientists 
and engineers of the immediate future 
should one way or another voluntarily 
devote their life efforts to solving. 

It is the problem of the corruption 
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of our environment. 

Our culture has evolved, piece by 
piece, over a long period of time. When 
the first settlers arrived in the "New 
World" from the Europe, they brought 
with them their culture, and they ap
plied their knowledge and skills to
ward the creation of a new culture here 
in the United States. They also brought 
with them knowledge in many areas, 
including ship-building, metallurgy, 
textiles and clothes-making. 

Since then, we Americans have 
engineered the means for many indi
viduals to have food available daily, 
with fewer people working in agricul
ture. We have engineered environ
ments that protect us from the climate, 
and services for transporting people 
and heavy loads. We have also engi
neered clever ways to send messages 
from one place to another. All these 
human-service systems - food, shel
ter, transportation, communications 
and others-are well-established, and 
they continue to evolve. The technical 
evolution of these human-service sys
tems is spearheaded by scientists and 
engineers. Unfortunately, the processes 
underlying the development and main
tenance of these widely enjoyed ser
vices have the loathsome phenomena 
of environmental pollution and re
sourcedepletionassociated with them. 

Although successfully supplying 
living humans with food galore, our 
food-supply system remains a science 
and engineering problem entirely un
solved. While healthy Americans 
chomp down on a plethora of pure or 
highly processed foods, the system that 
supplied the food is causing erosion of 
the soil, depletion of natural petro-

• 
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leum deposits, and depletion and con
tamination of natural ground water. In 
essence, our food-supply system is 
depleting and degrading the Earth. 

But it's not only the food-supply 
system that is dangerous. During the 
winters here in Minnesota, I appreci
ate the well-heated buildings that we 
have. During the summers, I also enjoy 
the coolness of the air-conditioned 
buildings. The temperature in such 
buildings, however, is currently con
trolled through the use of finite, non
renewable fuel resources - coal, oil 
and gas. Needless to say, this cannot 
go on forever. Also, modern building 
materials, such as metals, plastics, ce
ramics and adhesives, are all brought 
to their final form through the use of 
our finite fuel resources and their asso
ciated environmental pollution. 

Our modern transportation sys
tem is another pathetic source of envi
ronmental pollution, and it also de
pletes our finite fuel resources. For these 
reasons this issue has received much 
media coverage in recent years. 

Furthermore, the modern commu
nications system that we now have is a 
source of environmental pollution and 
another consumer of our finite fuel 
resources. It might be argued that the 
human species could survive comfort
ably on Earth withoutthe modern com
munications system that we now have. 
Nevertheless it is still used extensively, 
and many high-tech companies are 
major polluters of the environment. 

Thus, our human-service systems 
may carry out their designed functions 
today-supplyingfood, shelter, trans
portation and communications -but 
they are performing these functions 



with hidden costs that are becoming 
more and more apparent in our U.S. 
society. We should start working now 
to design and develop human-service 
systems that work well into the future. 
Let's help out our future genera
tions. •:• 

Illustration by Erin Heers 

Sources: 
Ehrlich, Paul R. and Anne H. Ehrlich. Healing 

the Planet: Strategies for resolving the envi
ronmental crisis. New York: Addison-Wesley, 
1991. 

Sherry, Susan. High Tech and Toxins: a guide for 
local communities. Sacramento: Golden Em
pire Health Planning Center, 1985. 

Soule, Judith D. and Jon K. Piper. Farming in 
Nature's Image. Washington, D.C.: Island 
Press, 1992. 

April/May 1993 4D Page 21 



iii I I 

Page 22 El Minnesota Technolog 

I 

Dr. Thomas Bouchard heads 
the Minnesota Center for Twin 
and Adoption Research, which 
has been studying identical 
twins reared apart since 1979. 

Photo by Natasha Frost 



By Peter Kauffner 
For Minnesota Technolog 

t a New Jersey firefighter's 
n, Fire Chief Jerry Levey was 

a e had a twin. Jerry laughed, 
"If I had a twin I'd certainly know." 
The questioner persisted, insisting 
there was a firefighter who looked ex
actly like Levey in Paramus, N.J. So a 
meeting was arranged between the two 
fire chiefs. Upon meeting, they stared 
at each other skeptically. "Lop off a 
few extra pounds and I was looking in 
the mirror," Jerry said later. 

Although each man knew he had 
been adopted, neither had any idea 
that he had a twin. Jerry Levey and 
Mark Newman soon discovered they 
had more in common than just looks. 
Both were compulsive flirts and had 
never been married. They shared a 
sense of humor and a boisterous laugh. 
They both drank the same brand of 
beer and held their beers in the same 
peculiar way: with the little finger 
awkwardly placed under the beer 
bottle. 

"It was spooky," said Levey. "We 
kept making the same remarks at the 
same time and using the same ges
tures." 

Twin research at the U 

Since identical twins such as these 
who are raised apart are quite rare, 
they represent a valuable opportunity 
for researchers to separate the effects 
of upbringing and genetics on human 
personality. Identical twins have no 
genetic differences, so any differences 
between them are presumed to be the 
result of environmental factors. 

The Minnesota Center for Twin 
and Adoption Research (MICTAR), at 
University of Minnesota, studies iden
tical twins who were raised apart. 
MICTAR, headed by Dr. Thomas Bou-

chard, has analyzed about 120 sets of 
reunited twins or triplets since 1979. 
Participants in the studies are subject 
to a six-day test marathon, during 
which about 15,000 written questions 
are asked. Each individual twin is asked 
to write about his or her life history 
and sexual history, and then take a 
battery of medical, IQ and personality 
assessment tests. The tests are repeated 
every 10 years. "This is a long term 
study," said Bouchard. "I told one man 
that by the time he came in for the third 
time, I would be 70." 

A 1990 Science magazine research 
article by Bouchard and other research
ers concluded that intelligence is 

Illustration by Jennifer Hughlett 

largely inherited. "Like the prior, 
smaller studies of monozygotic (iden
tical) twins raised apart, about 70 per
cent of the variance in IQ was found to 
be associated with genetic variation." 
This finding puts Bouchard at the cen
ter of a politically charged debate on 
whether heredity or environment has 
greater influence on the development 
of intelligence. 

The study still leaves room for de
bate - it did say 30 percent of the 
variance in IQ is due to environmental 
influences. And although the study 
carefully com pared twins based on 
social class and the educational back
ground of their adoptive parents, the 
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participants in the study 
were predominately from 
the United States. A hand
ful were fronn VVestern 
Europe. So, the twins 
largely grew up in sinnilar 
cultural and econonnic 
conditions. 

Since even poorer 
Annericans are well-off by 
third-world standards, all 
the twins in the study grew 
up with adequate food, 
water, shelter and a nneans 
to educate thennselves. 
Sonne speculate that the 
connfortable VV estern cul
ture nnay allow individu
als free rein to develop the 
personality innprinted in 
their genes. If so, environ
nnental effects would be 
greater in people brought 
up in nnore restrictive cul
tures. "No one denies that 
if sonneone is brought up 
in a deprived environ
nnent, that will affect their 
behavior," said Bouchard. 

Perhaps one of the 
nnore surprising results of 
the University twins re
search is the discovery that 
those brought up sepa
rately show no greater dif
ferences in personality 
than twins who are reared 
in the sanae honne. This 
suggests that parents have 
nnuch less influence in the 
developnnent of their chil
dren than previously 
thought. 

Nature vs. Nurture 

TheMICTARstudyis 
only the latest contribu
tion to the "naturevs. nur-
ture" war. The controversy began in 1869 when Sir Frances 
Galton, a cousin of Charles Darwin, published Hereditary 
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Genius, which presented 
evidence to support the 
clainn that talent can be 
inherited. Its innovative 
statistical nnethod nnade 
the book a scientific break
through. 

Galton, however, was 
also the founder of eugen
ics, a political nnovennent 
that advocated policies to 
innprove the gene pool 
that would be inherited 
by future generations. 
Critics branded the nnove
nnent "Social Darwin
isnn," and clainned that 
such policies would lead 
to the breeding of hunnans 
like cattle. 

Eugenics was a 
highly influential nnove
nnent in the 1920s and 
1930s. Margaret Sanger, 
founder of Planned Par
enthood, argued that pro
viding birth control to the 
lower classes would help 
to reduce the nunnber of 
children born with unde
sirable genetic qualities. 

On the other side of 
the issue, Annerican an
thropologist Margaret 
Mead wrote about her 
studies in the South Pa
cific islands, clainning to 
have found a paradise of 
free love and sexual 
equality. This, Mead hy
pothesized, proved that 
sex roles were culturally 
deternnined. Today, how
ever, it's generally ac-
cepted that genetics is an 
innportant factor in deter
nnining sex roles, and that 
nnales are inherently nnore 

Illustration by Jennifer Hughlett aggressive and connpeti-
tive than fennales. Sonne say that Mead's discovery had 
nnore to do with her ideas for social refornn in Annerica than 



with her observations in the South Seas. 
In 1937, Chicago social scientists 

Horatio Newman, Frank Freeman and 
Karl Holzinger did the first study of 
identical twins raised apart. Nineteen 
pairs were examined, and researchers 
found it difficult to distinguish between 
the effects of heredity and environ
ment. These results helped turn the 
scientific community against eugen
ics. The field soon fell into disrepute 
due to its ideological similarity to the 
beliefs of the Nazi party. 

In 1962, a British psychologist 
named Sir Cyril Burt published a study 
of identical twins raised apart. His 
study claimed that 80 percent of intel
ligence was linked to genetics. Then, in 
1969, Berkeley psychologist Arthur 
Jensen used Burt's data to support his 
claim that racial intelligence differences 
were caused by genetic factors. Jensen's 
article provoked a storm of protest. 
Years later, however, Princeton psy
chologist Leon Kamin proved that 
Burt's study was a fraud. 

Still, eugenic policies are not com
pletely dead. The government of 
Singapore, for example, revived the 
ideology in the 1980s. Singapore now 
pays bounties to encourage its college
educated citizens to marry and have 
children with other college-educated 
citizens. In a 1983 speech, Prime Minis
ter Lee Kuan Yew cited Bouchard's 
study in support of these policies. 

Politics of genes 

The debate between geneticists and 
environmentalists continues as one of 
the oldest controversies in political 
theory. Are there differences among 
humans that justify the existence of 
social rank? Many liberal environmen
talists believe that unequal distribu
tion of wealth and power is the result 
of discrimination, prejudice, exploita
tion or other social factors that need to 
be changed. But if personality and in-

If personality and 
intelligence are genetically 

programed, social 
engineering schemes may 

be doomed to fail. 

telligence are genetically programmed, 
it would suggest that social engineer
ing schemes to eliminate inequalities 
among the classes, races or genders are 
doomed to fail. 

In The Mismeasure of Man, 
Harvard biologist Stephen Jay Gould 
claims that geneticists are apologists 
for the existing social order, and that 
this prejudice makes their work sus
pect. Bouchard disagrees. "A study 
done in Stockholm and published re
cently in Psychological Science con-

firms our study to the decimal place. 
So our study has been reproduced," he 
said. 

Even the most conclusive scien
tific resolution of the nature vs. nur
ture debate, however, would notre
solve the underlying issue of social 
equality. But to present the argument 
as "traditional power structure" vs. 
"utopian social equality" is to set up 
both sides as a strawperson. Few people 
today would agree that those with high 
social status should have exclusive 
rights to lead society. Even fewer would 
believe that communism's "from each 
according to his ability, to each accord
ing to his need" is a practical way to 
run a society. Rather, the question is: 
"How much social equality is practical 
given other social goals?" Thus, politi
cally, the twin studies could help to set 
a measurable limit on how much social 
equality is reasonable to expect. •!• 
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Motor Co. uses them to analyze and 
ensure quality products in its engines. 
And networks are used at Paquet Com
puter Corp. to decipher users' hand
writing in its pen-top personal com
puters. 

Many companies are using neural 
networks today not only because they 
are faster than most conventional sys
tems, but also because they have the 
special ability to solve problems using 
limited or "noisy" input data. Noisy 
data contains interfering data that dis
torts the accurate reading of the de
sired information. Scientists at Johns 
Hopkins University took advantage of 
this distinct ability of neural networks 
by developing a new type ofEEG moni
toring system. 

An EEG, or electroencephalogram, 
is a device that monitors the electrical 
activity of the brain for potential ab
normalities-such as seizures, tumors 
and strokes. In hospitals, EEGs hooked 
up to patients must be continually 
watched for warning signals, to pro
tect the patients against serious brain 
complications. 

One problem with EEGs, however, 
is that the data they provide contains 
noise, which causes false alarms in con
ventional-software-based automated 
monitoring. Because of this, the re
searchers at Johns Hopkins University 
developed the neural-network EEG 
monitoring system. 

So far, the system has been suc
cessful. In tests run by doctors at Johns 
Hopkins, the neural-network system 
had an error rate of 10 percent- a 
great improvement over the previous 
top monitoring systems that had error 
rates of around 20 percent. 

Another advantage of neural net
works is their ability to process and 
recognize categories of information. 
JFK airport in New York, for instance, 
uses neural networks to scan for bombs 
in suitcases. At the airport, gamma 
rays are shined on luggage passing 
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along a conveyor belt. Then the neural 
network analyzes the wavelengths of 
the gamma rays that bounce off the 
luggage, and determines the chemical 
composition of the materials inside the 
luggage. Based on the results of the 
analysis, the neural network recom
mends which luggage should be pulled 
aside and inspected for bombs. If a 
suitcase contains an unusually high 
amount of nitrogen, for example, it 
will be pulled aside and inspected by 
airport security. 

Neural networks also have unprec
edented pattern-recognition abilities. 
1f the computer is shown three or four 
different views of a person, for instance, 
the network will instantly recognize 
the person from any other angle. This 
can be useful in product assembly and 
inspection, as well as in the military. 

Network drawbacks 

There are some disadvantages to 
using neural networks. First, neural 
networks do not readily explain their 
results. When a network solves a prob
lem, the user generally has little way of 
knowing how it comes up with its an
swers. Thus, some users have less con
fidence in the answers because there 
are no explanations. 

Another problem with neural net
works is their inability to deal with 
constraints. It is not always possible 
for a user to limit the answers a net
work can generate. For instance, the 
researchers at Johns Hopkins have 
found that certain EEG abnormalities 
are not unusual in some patients. In 
such cases it would be useful for the AI 
programmer to be able to place con
straints on how the neural network 
monitoring the EEGs interprets sig
nals for individual patients. Without 
the constraints, the monitoring network 
can cause false alarms. 

Also, AI practitioners have some
times run into problems with training 
neural networks. It can be difficult for 

programmers to determine how many 
examples are needed for the network 
to be able to solve a certain class of 
problems. If the network is trained with 
too few examples, it will not give good 
answers. If the network is trained with 
too many examples, on the other hand, 
it "memorizes" answers and loses its 
ability to solve noisy or incomplete 
problems. Programmers say that giv
ing the proper amount of training to a 
neural network can be frustrating and 
time-consuming. 

AI technologies and neural net
works are helping researchers over
come complex problems. But don't 
expect to see half-human cyborgs run
ning around your neighborhood any
time soon. Neural networks and other 
AI technologies still fall short of accu
rately duplicating the intricacies of 
human thought. With more research, 
however, scientists will discover more 
about both the mind and machines -
leadingthewaytocomputersthatthink 
for themselves. •!• 

Sources: 
Berardinis, Lawrence A. "Untangling the Mys

tery of Neural Networks." Machine Design, 
June 25, 1992: p. 55-9. 

Hayes-Roth, Frederick. Building Expert Systems. 
Reading, MA: Addison-Wesley Publishing 
Company, 1983. 

Hinton, Geoffrey E. "How Neural Networks 
Learn from Experience." Scientific American, 
Sept. 1992: p. 145-151. 

Samdani, Gulam. "Neural Networks." Chemi
cal Engineering, Aug. 1990: p. 37-45. 

Ubell, Earl. "Health on Parade." The Houston 
Chronicle, Sept. 13, 1992: p. 20. 

Verduin, William H. "Neural Network Software 
Assists Expert System." Control Engineering, 
July 1991: p. 37-40. 

Wash, Darrel P. "Artificial Intelligence." Occu
pational Outlook Quarterly, Summer, 1989: 
p.2. 

Winston, Patrick H. Artificial Intelligence. Read
ing, MA: Addison-Wesley Publishing Com
pany, 1984. 



Right from 5 

provides a better understanding of the brain. •!• 

Sources: 
Blakeslee, T. R. The Right Brain: A New Understanding of the Uncon

scious Mind and Its Creative Powers. New York: Anchor Press/ 
Doubleday, 1980. 

Coren, S. The Left-Hander Syndrome: The Causes and Consequences of 
Left Handedness. New York: The Free Press, 1992. 

Edwards, B. Drawing on the Right Side of the Brain. Los Angeles: J.P. 
Tarcher, Inc., 1979. 

Springer, S.P. and G. Deutsch. Left Brain, Right Brain. New York: W.H. 
Freeman and Company, 1985. 

Reality from 7 

were calling it a revolution in computer games- a game 
that accepted written English sentences instead of cryptic 
commands. The hype made reality all the more disap
pointing. 

Virtual reality will likely have the same fate. 
What will we do when we're frustrated with the 

hyped virtual reality computer? Let's see what happens 
when we scream: "Go eat yourself." •!• 

Biocomputers from 19 

chemical computers .... The question 
of whether they should be called 
computers or living objects will be
come nothing more than a matter of 
personal preference. In spite of those 
obvious differences ... we believe that 
it will gradually become more and 
more difficult to enumerate what 
their differences are. •!• 

Sources: 
Conrad, Michael, ed. "Molecular Computing." Spec. 

issue of Computer, Nov. 1992: p. 1-128. 
Hong, Felix T., ed. Molecular Electronics: Biosensors 

and Biocomputers. New York: Plenum, 1989. 
Kaminuma, Tsuguchika and Gen Matsumoto. 

Biocomputers. New York: Trans. Norman Cook, 
1991. 

Lazarev, P.L, ed. Molecular Electronics: Materials 
and Methods. Boston: Kluwer, 1991. 
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l!1 Plumbers 

[!{ Pipefitters 
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Gas Fitters 

E!1 Refrigeration Fitters 

Ready to work with engineer's 
specifications to produce superb 
craftsmanship and lower costs. 
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*Monitor not included. 
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No 

I hen I was little, I used to think 
how cool it would be if I could 
see my best friend Kristin while 

I talked to her on the phone. 
Wecouldalmostdoit-ourhouses 

were close enough that if I looked out 
my back window I could faintly see 
her waving at me. 

That was fun- but not very high 
tech. Instead, we wanted special 
phones. Phones with little screens, so 
we could see each other when we dis
cussed whether Hohos or Dingdongs 
tasted better. 

But that was twelve years ago. 
Now the idea isn't quite so appeal

ing. 
I went shopping the other day and 

I saw that the new video phones are 
already on sale. They looked a bit 
smaller than I had imagined when I 
was ten, but still, there they were. 

At first I was impressed- we've 
all been taught that technology and 
progress are good for our well-being. 
But then I got to thinking about what 
life would really be like if everyone 
had that new breed of telephone. 

I envisioned sleeping late one day 
and my new date calling me at noon 
and waking me up. Would I really 
want him to see me with dried drool 
and pillow wrinkles on the side of my 
face? 

I guess you'd always have the op
tion to turn the video screen off, but 
once you've talked to some friends 
with the monitor on, it would look a bit 
suspicious if you showed them a blank 
screen the next time they called. 

I know I'd certainly wonder if I 
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Danger: 
ahead • pr1vacy 

called my boyfriend at noon and he 
wouldn't turn on the monitor. "What 
are you doing? Who's there? What's 
going on? ... " 

And what if you had to call in sick 
to work? "(Cough, cough) Uh, I'm re
ally sick today, can't make it in ... " 

"Oh really? You don't look sick. .. " 
Or what about when you just get 

out of the shower and you forget that 
the screen is on? The phone rings, you 
rush to pick it up. Hair dripping, cold 
and buck naked, you tell the repair 
man you'll pick up your stereo on Fri
day. 

No thanks. 
I'm content with traditional 

phones. Real phones. They give you 
that anonymity and privacy you don't 
enjoy when talking with someone face 
to face. Granted, video telephones may 
be a breakthrough for the scientific 
world, but they signify a step back
ward for those who think technology 
is dangerously close to eliminating our 
private lives. Because these days it 
seems nothing is private. 

And it's only getting worse. 
With CD-ROM computers, the 

amount of information readily avail
able to the public has increased dra
matically. Already phone books from 
every state are available on compact 
disc. So if someone has the money, he 
or she can get the name, address and 
phone number of anyone in the nation. 

It's not that this information wasn't 
public before, it's just that now it's so 
easily accessible. That's the scary part. 

Credit bureaus have data bases 
with financial information about mil-

by 

Esther Haynes 
Editor in Chief 

lions of people in the country. And 
companies buy that information for 
their own use. This can affect whether 
you get approved for a loan or not. But 
what's particularly disturbing is that 
these records are not always accurate. 
In other words, if someone at the bu
reau has mistaken you for somebody 
else, you could feel the consequences 
of another person's mistakes -and 
you may never find out what went 
wrong. 

Also, new spying and surveillance 
device companies are part of a multi
million-dollar industry. But this 
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shouldn't be a surprise, considering 
that these are times when husbands 
and wives hire private investigators to 
spy on each other. One gadget on the 
market alters your telephone voice to 
make it sound as though you have a 
secretary who is answering for you. 
With a product called "Mail Inspec
tor," you can coat envelopes with a 
spray that allows you to read their 
contents. And if you want a step-by
step guide on invading the privacy of 
your friends, you can send off for a 
book called "How to Eavesdrop on 
Your Neighbor." 

Sound good? 
Such new devices are slowly eat

ing away at our right to privacy, and 
the more people buy them, the faster 
we will lose this right. 

I'm not saying that video phones 
are going to turn our houses into Big 
Brother's domain. But I do think we 
need to put limits on how far we can 
go. Before it's too late. 

Our society has stretched the 
boundaries in other areas of technol
ogy, and the effects have not always 
been beneficial. With our nuclear 
weapon arsenal we have the ability to 
destroy the Earth many times over. 
And with the corruption of the envi
ronment by pollution, we are threaten
ing our lives and the lives of future 
generations. We are paying the price 
now because we've pushed the tech
nological limits. 

Let's not pay the price again with 
our privacy. •!• 

Illustration by Daniel Ruen 
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Earth's 
blanket' 

'protective 
unraveling • 

IS 

By Wade Petrich 
For Minnesota Technolog 

Ill uring the long, cold winters in 
Minnesota, it can be difficult to 
believe that the entire planet is 

heating up. Still, each spring it seems 
that somebody claims the sun is 
warmer on Earth than it was the previ
ous year. That's because studies have 
shown that with the depletion of the 
ozone layer, the sun's rays on Earth are 
indeed getting more intense as the years 
go by-and the negative effects of this 
could grow to be considerable if the 
situation continues. 

The ozone layer is often portrayed 
as if it were a large protective blanket 
that spreads over the Earth like a shield. 
Ozone is comprised of 0 3 particles, 
which are present in high concentra
tion in the Earth's troposphere and 
stratosphere. The largest concentration 
of ozone- 10 parts per million- is 
about 25 km above the surface of the 
Earth. But as the ozone layer in the 
Earth's atmosphere slowly thins, more 
ultraviolet rays penetrate, causing in
creased sunburns and other negative 
effects on humans. 

In recent years, scientists have 
learned a great deal about the ozone 
layer. In 1985 the British Antarctic Sur
vey discovered that the ozone in the 
atmosphere over Antarctica had de
creased 40 percent from 1977 to 1984. 
This dramatic loss in the ozone layer 
caused a hole to form above Antarc
tica. 
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Unfortunately, it is difficult to re
store the ozone layer once holes have 
occurred. "Ozone never becomes 
larger," said Konrad Mauersberger, 
professor of physics and astronomy at 
the University of Minnesota. 

Researchers have pinpointed chlo
rofluorocarbons as the major cause of 
ozone depletion. Since CFCs are used 
as coolants, every time people turn on 
the air conditioners in their cars, these 
gases are released into the atmosphere 
-leading to the breakdown of ozone 

particles. Refrigeration, aerosol sprays, 
foam-producing agents and cleaning 
agents for electronic parts also cause 
the release of chlorofluorocarbons. 

When CFCs are exposed to ultra
violet light, they break down, releas
ing chlorine. The free chlorine then 
causes the ozone molecules to break 
down, resulting in less absorption of 
ultraviolet light. Since nothing natu
rally reacts with chlorine to break it 
down, it can stay in the troposphere for 
50 to 100 years 

Illustration by Jennifer Hughlett 

... 



.. 

FnJing the Earth 

What are the consequences of the 
loss of the ozone layer? Most people 
have heard that with more ultraviolet 
rays hitting the Earth's surface, skin 
cancer is more likely to occur. But ul
traviolet rays can affect more than just 
your skin. 

"Eye defects will be more common 
- the retina and the lens are very 
sensitive to ultraviolet light," said 
Mauersberger. 

Animals and wildlife are also af
fected by the depletion of the ozone 
layer- the ultraviolet rays could harm 
certain crops and aquatic life, affecting 
the food chain. 

NASA and ozone research 

With the launching of space 
shuttles and satellites that disrupt the 
ozone particles in the atmosphere, the 
space program has taken some blame 
for the decrease in the ozone layer. But 
some say organizations like NASA are 
committed to protecting the ozone 
layer. 

"NASA is doing a lot for the envi
ronment," said Mauersberger. NASA 
conducts research, he said, and tests to 
find out what affects the ozone layer 
and how to minimize its depletion. But 
Mauersberger said that there's not 
much that NASA- or anyone else
can do to fix the ozone layer right now, 

'Eye defects will be more 
common - the retina and 

the lens are very 
sensitive to 

ultraviolet light.' 

- Konrad Mauersberger 

except warn politicians and work with 
the United Nations to find answers 
about environmental destruction and 
ozone depletion. 

Ozone research could lead to more 
atmosphere-friendly technology in the 
future. NASA is currently developing 
a civilian aircraft that can reach speeds 

Professor Konrad 
Mauersberger is one of 
many scientists from 
around the world who is 
conducting research at 
the University to help 
save the ozone layer. 

ofuptoMach2.4,andonerequirement 
of the airplane is that it cannot further 
the destruction of the ozone layer. 

Industrialized countries are par
ticularly worried about the conse
quences of ozone depletion, since they 
are creating products that destroy 
ozone particles in the Earth's atmo
sphere. The United States, Great Brit
ain, France and Germany are all search
ing for ways to stop the further deple
tion of the ozone layer. The elimina
tion bf aerosol spray cans is one of the 
ways that some of these countries are 
trying to control the release of CFCs. 

Greater public concern about the 
ozone layer has led researchers to de
velop several tools to measure the layer. 
Balloons carrying research equipment 
monitor the atmospheric air chemis
try. And ground-based equipment and 
satellites measure the thickness of the 
ozone layer, based on the idea that the 
ozone is brought to a standard pres
sure and temperature directly above 
an object at the earth's surface. 

Researchers determine the thick
ness of the layer by measuring the 
radiation that strikes Earth. By mea-
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suring at different wavelengths and 
determining the amount of radiation 
absorbed by the ozone layer, scientists 
can find where the ozone has decreased. 

Scientists are also looking for ways 
to produce cloud particles in laborato
ries that might aid in the reconstruc
tion of the ozone layer. Mauersberger 
and a former University graduate stu
dent named David Hanson have al
ready found ways to produce cloud 
particles using nitric acid trihydrate. 
Their research, done in 1988, has pro
vided much information on the forma
tion of polar stratospheric clouds con
taining H

2
0 and HN0

3
• 

"We did the right experiment at 
the right time," said Mauersberger. 
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Southern exposure 

The most extensive research of the 
ozone layer has been conducted in the 
area over the South Pole, because there 
is a reduction in the ozone layer be
tween 12 and 22 krn in altitude above 
this region. 

Low temperatures, darkness, 
stable air mass and cloud particles are 
factors that cause the deterioration of 
the ozone layer over the South Pole. In 
winter, the air in the South Pole is 
isolated and swirls around in circles, 
like a hurricane. Then polar strato
spheric clouds form over the continent 
of Antarctica, when winter tempera
tures are low enough to have water 
vapor and nitric acid condense and 
freeze. Scientists believe that the for
mation of these clouds cause the de
struction of chlorine reservoirs. When 
the sunlight returns in spring, its rays 
free the chlorine, allowing it to attack 
the ozone. Mauersberger said that the 
hole over the South Pole came about 
mainly because the air is very stable 
there in the spring. 

Fortunately, there is less ozone 
depletion over the North Pole. The air 
is less stable in that area, making it 
nearly impossible for polar strato
spheric clouds to form as they do over 
the South Pole. 

There is still much to learn about 
the ozone layer and the factors causing 
its destruction. Scientists like Dr. 
Mauersberger have made great dis
coveries over the last decade to help 
save the ozone layer. As we near the 
year 2000, technology is increasing our 
body of knowledge and, in some cases, 
our standard of living. But are these 
advances causing the downfall of life 
on Earth? The world is closer than it 
ever has been to destroying every liv
ing thing on this planet, through the 
use of artificial products. So the next 
time you think about going to the beach 
to get that perfect tan, or plan to drive 
with the air conditioner on full blast
think again. •!• 

Sources: 

Hanson, David and Konrad Mauersberger. 
"Laboratory Studies of the Nitric Acid 
Trihydrate: Implications for the South Pole 
Stratosphere." Geophysical Research Letters, 
Aug. 1988: p. 855-8. 

Mauersberger, Konrad. "Das Ozonlich uberdem 
Sudpol." Die Geowissenschaften, Nov. 1991: 
p. 352-6. 

Mauersberger, Konrad. Personal interview. Mar. 
15, 1993. 

Stolarski, Richard. "The Antarctic Ozone Hole." 
Scientific American, Jan. 1988: p. 30-36. 

Wade Petrich 
Age: 22 
Year in school: Senior 
Major: English 

After freelancing for various Twin Cities publications, Wade 
will finally graduate this summer. He hopes to be novelist 
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Society of 
not just 

Women 
a woman's 

Illustration by Daniel Ruen 

Engineers 
world 

By Janet Szuba 
For Minnesota Technolog 

s I strolled into the office of the 
Society of Women Engineers, 
past the file cabinets and the 

faded blue couch, I expected to find at 
least one SWE member to talk to. After 
all, the door was wide open, as I had 
often seen it. 

So I was surprised when I found a 
group of guys looking up at me expect
antly. 

"I'd like to leave a message for one 
of the SWE members," I said. 

"I am a SWE member," they all 
said. 

Men? In the Society of Women 
Engineers? 

Better get used to the idea. Because 
men now comprise 15 percent of the 
142 SWE members at the University
and they're proud to be in it. 

Actually the concept may not be as 
strange as it sounds. Men have been 
associated with the organization for 
decades, according to Estelle Zito, the 
membership supervisor of SWE' s pro
fessional society. When SWE first 
started in 1949, she said, no men were 
allowed. So the male engineers started 
their own group to help with the cause, 
calling themselves the Men's Auxil
iary of the Society of Women Engi
neers. Then SWE changed its rule in 
1976, and decided to accept both male 
and female members. Men have been 
involved ever since. 

Mohammed Al-Aidy says he be
came a member of SWE because he is 

--~r-------------------------------------------------------------------------------~--------------
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very interested in women's issues. 
"I know that there is still discrimi

nation," says Al-Aidy, who was re
cently elected secretary of the organi
zation. "I hear women students com
plaining that maybe they don't have a 
fair share in class. They talk about an 
instructor who doesn't ask women 
engineers for answers to questions, but 
will ask men. Maybe this isn't done 
intentionally, but it's important to bring 
it to their attention." 

Al-Aidy says he has benefited by 
being a member of SWE. "There are so 
many things I've become more aware 
of and more sensitive to just by hang-
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ing out with women engineers," says 
Al-Aidy. "SWE's goal is to advance 
women's issues and they're only going 
to do that by bringing men in and 
making men understand what the 
problems are" 

SWE' s male co-director of outreach 
says being a member of the organiza
tion brings him personal satisfaction 
as he helps recruit more females into 
the field. "I pushed to become the out
reach director because that was what I 
wanted to do - make sure that high 
school and elementary students don' t 
shy away from science and math," says 
Ben Root. 

Photo by Allen Smith 

These are five of the men that 
make up 15 percent of the Society 
of Women Engineers. From right 
to left: Ivan Hyde, Thomas Enebo, 
David Hendrickson, Steve Ebel, 
Dave Grinnell. 
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He says he thinks it's a shame that can help me out, and they're in big to an interpersonal level, to discussing 
young women are pushed into preset corporations like 3M, Honeywell, and discrimination. For a man to have the 
roles. "You can see that there are so few General Mills. You also get to know so responsibility of trying to set direction 
women in engineering compared to many people. The campus has 45,000 for SWE - I think it's ridiculous. I 
men. There was a talking Barbie doll students,20,000ofwhicharei.T. That's think this is one position that needs to 
on the market recently that said, 'I hate like the population of a small city. But be filled by women." 
math.' If these young women can see being in SWE, suddenly I knew faces Female SWE members welcome 
men reaching out to them, especially walking down the street." the men into their organization. The 
when men are probably the ones push- Lin says that he learned a lot from women say they believe the males in 
ing them away, then these young la- being a involved in thewomen'sgroup. the group come out of the experience 
dies might consider going into math "In SWE you see that men and women more open-minded. "The men who 
and science." ------------------------ join SWE aren't going to 

Eric Hendrickson, the Th ~·I If be the ones who sit back 
current SWE vice president, I ere were test I es, 40¢ pop ' a sma and bash women," says 
sayshewasinitiallyattracted refrigerator and a quite place tO Study... SWE member Julie 
to SWE because he had it was like a clubhOUSe.' Smolarek. "They're going 
friends who were members. to be different." 
He claims both men and Nancy Ghoneim, the 
women can benefit from newly elected co-presi-
males being members of the - Felix Lin dent, says she believes 
group. "When women in SWE needs men. "Men 
SWE get out in the career place they're 
going to be working mostly with men," 
he says. "So, an organization made 
solely of women isolates them from 
interacting with men." 

Hendrickson says he approves of 
allowing men to be elected to any lead
ership position in SWE, including presi
dent. "I don't think there would be any 
problem with having a man as presi
dent," he says. "Men and women need 
to work together, and as long as the 
main goals are being carried out, I don't 
see any problem with it." 

Although Felix Lin has now gradu
ated, he was a SWE member for four 
years and vice president of the group 
in 1992. He says he first joined the 
group because he heard about the 
fringe benefits. "There were test files, 
40~ pop, a small refrigerator and a 
quiet place to study," he says. "That 
was in the old SWE office, in 338 Walter 
Library. It was like a clubhouse." 

But soon Lin got swept up in the 
activities and recognized other advan
tages. "SWE is great for networking," 
he says. "Right now I know four or five 
alumni who are members of the pro
fessional society that I can call and they 

can relate in a professional manner, 
working together," says Lin. "I've also 
learned that you can't say, okay, this is 
a group of women and they all gossip, 
and they all do this, or that. That's 
wrong. You have to take people indi
vidually because they're all so differ
ent." 

Unlike Hendrickson, Lin believes 
the position as president can only be 
filled by a woman. "I would never 
presume, being a male, to know any
thing about women's issues," he says. 
"The general meetings and seminars 
that SWE schedules can be held on a 
variety oflevels: on a professional level, 

Janet Szuba 
Age: 24 

also want to support women in engi
neering, just because there's not that 
many [women] there," she says. 'When 
we go out on outreach programs we 
like to have at least one man come 
along. That way we can show kids it's 
not a male-dominated field, but men 
and women can work together." 

And so it's up to the men to weather 
the surprised looks and the occasional 
snicker - but most are used to it by 
now. "The men jibe me a little bit about 
being a member," says Root. "But I just 
give them all the same response: Men 
can promote women in engineering 
just like women can." •!• 

Year In School: Senior 
Major: Journalism 

Janet hope to find a job writing and editing after she 
graduates this quarter. If she's still jobless by June, 
she says she'll fly to Europe and try her hand at 
travel writing. 

---·-----------------------------------------------------------------------------------------------
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Lighting the road to the future 
By Adam Talle 
Photo by Kari Shuda 

mericans have been building and racing cars 
for decades. Johnny Cash sang about building 
his own Cadillac in the song "One Piece at a 

Time." Burt Reynolds raced his Trans Am against a 
field of exotic cars and ding bat cops in Smoketj and the 
Bandit. And soon some Institute of Technology stu
dents will merge these two tributes to American cars, 
as they race across the country in their own home
made vehicle. 

Butunlikemostcars,thismusclemachineguzzles 
no gas. Instead, the "Aurora"- built by University 
students to race from Dallas to Minneapolis in June 
-needs only the sun to turn its crank. 

The solar-powered car is the culmination of two 
years of work by I.T. students, proving that they not 
only have a need for speed, but they can also apply 
their classroom skills to a practical project. 

The students are preparing the Aurora to run in 
the 1993 Sunrayce, a solar vehicle race sponsored in 
part by the U.S. Department of Energy, General 
Motors Corp. and the Environmental Protection 
Agency. The race is a national acid test for future 
solar cars, and universities from all over the country 
will be taking part. 

But the project has not exactly been easy. Uni
versity students involved with the Aurora say the 
road to completion of the solar-powered car seemed 
much longer than the 1 ,000-mile racecourse they will 
face this summer. They say their dedication to the car 
has exhausted them, but it has also given them a 
sense of accomplishment. 

"The caliber of the people is matched by the 
caliber of the project," says I.T. student John Ander
son, who spent nearly 40 hours a week designing 
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and building the car. "People watch
ing what we do have been surprised." 

Elbow grease 

Constructing a car with a space
age design, and racing it in the 
Sunrayce, with only solar cells is no 
weekend job, even for motorheads. In 
fact, Virgil Marple, the faculty adviser 
for the project, says there has never 
been an LT. student endeavor as large 
as this in the history of the engineering 
school. 

"It's a humongous project," says 
Marple. 

Some students have been with the 
project ever since it began over two 
years ago, Marple says, and as the car 
emerged from rough sketches into a 
racing machine, nearly 20 LT. students 
dedicated numerous hours to the ve
hicle. 

Anderson says he and the other 
students spent 2,000 hours just con
structing part of the car's underbody. 

"The dedication is unbelievable," 
says Anderson. "A group of about 15 
to 20 has been knocking themselves 
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dead." 
Anderson says most of the stu

dents involved with the Aurora project 
are full-time LT. students- but some
times their devotion to the vehicle's 
completion compete with class atten
dance and work at their other jobs. 

"It's not easy for many of the vol
unteers to keep up with school work 
while constructing the car," he says. 

During the construction of the 
Aurora, students used advisers only to 
secure financial help through Univer
sity channels. Otherwise, Marple says, 
the project belongs exclusively to the 
students. 

And at a total cost of nearly 
$130,000 the students say they hope 
the car not only surpasses their expec
tations, but also wins the race. 

"It's no soapbox derby car," says 
Anderson. 

Big and sleek 

LT. studentScottGrabowsays their 
solar car is punchy enough to burn 
rubber if they want it to, but the race's 
rules dictate that the cars must abide 

These solar cells power the Aurora 
solar race car. 

by highway speed limits. The race 
guidelines also limit the cars' power, to 
create a more level playing field. The 
rules state that any batteries used in 
the vehicles must be available in gen
eral stores, and the electric motor can 
be no larger than 10 horsepower -
about the size of a golf-cart motor. 

The University's 700-pound, 20-
feet long car - described by Grabow 
as a "three-dimensional airfoil"- bal
ances aerodynamics with its large 
frame, to make room for as many solar 
cells as possible. 

"It's the biggest vehicle to ever 
enter the Sunrayce," says Anderson, 
who describes the design as "unique." 

Grabow says, "We had to be effi
cient while keeping in mind that we 
had friction with the road and a finite 
amount of power to deal with." 

Even when it was no more than a 
computer image, the Aurora awed and 
intimidated people. 'We've been told 
that we're the school to beat," says 
Grabow. "We're up there with Michi
gan who won the last [Sunrayce]. It 
makes us feel good that the national 
champions are wondering what we're 
doing." 

Pay to play 

But being the best costs money
and more than once the Aurora project 
was nearly penniless, says Marple. The 
students had to depend on donations 
from computer and software manu
facturers for technical equipment, and 
on companies, such as Northwest Air
lines, for their facilities to build the 
car's mold. 

University students say selling 
themselves hasn't been easy, however, 
since for a long time they were without 
even the shell of the car to present to 
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potential investors. 
"It's been a hurdle to get money," 

says Marple. "It's taken quite a bit of 
energy away from work on the car." 

Anderson says they could only af
ford to spend money on items that 
went directly into the car, which hurt 
promotion of the Aurora. But, he says, 
that students involved with the project 
have a new appreciation for the work 
involved in finding donations for sci
ence projects. 

"Once we were able to get in con
tact with some alumni with money, we 
learned a lot about networking." he 
says. "We had limited funding success 
before the University helped us." 

Racing with the sun 

The catalyst for much of the solar 
car work, say Anderson and Grabow, 
is the students' desire to win the 
Sunrayce competition. But coming up 
with a winning strategy requires much 
foresight about the road between Dal
las and Minneapolis, and intimate 
knowledge of every inch of the Au
rora. 

It's no flat-out drag race. Instead, 
the racers will have to consider weather 
conditions, damage to the fragile solar 
cells and the position of the sun during 
the seven-day event. 

After each day's competition, 
Sunrayce officials will impound the 
cars for the night at a common stop
ping point. The car with the lowest 
cumulative elapsed time will win. 

Racers will need to consider how 
much stored energy they'll need for 
the next morning, while jockeying for 
position with other cars. "The strategy 

Photo by Michael Branscom will be to know when to have two 

I.T. students Jessica Gallagher (left) and Rob Miller are two of the 
more than 20 students who are working on the Aurora project. 

hours to charge up the batteries or to 
try to gain ground," says Grabow. 

Anderson and Grabow say they 
don't know yet who will drive the 
Aurora in the Sunrayce, but he or she 
can be no taller than 5 feet 10 inches 
tall. The driver will stay in constant 
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contact with a University crew, to moni
tor the vital signs of the solar car. 

"We want to bring everyone who 
was really involved in building the 
car," says Anderson. "If[thecar]breaks, 
they built it, and they would have a 
great deal of control in all the 'what if' 
situations." 

The race also presents a good op
portunity to cultivate connections for 
those interested in continuing their 
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work in the sun. Anderson and Grabow 
say that job recruiters at previous solar 
car races hired students right off the 
track. They say that they, too, would 
like to continue their solar car research 
after graduating, but they realize the 
job market for their solar interests is 
small. 

"Corporate America won't de
velop solar cars until it's forced to," 
says Grabow. 

Adam Taite 
Age: 23 

John Anderson, a junior 
in electrical engineering, 
has been working on the 
Aurora project for two 
years. 

But even if Anderson and Grabow 
can't predict what trouble they'll en
counter down the road, they say they've 
seen the future of automobiles while 
working on the Aurora. 

"We're at the stage where we can 
look back 100 years, when race cars 
with internal-combustion engines were 
lucky not to blow up," says Grabow. 
"We're sort of in the same place now 
because we're developing solar cars of 
the future ." •!• 

Year in school: Senior 
Majors: Journalism 

Adam is looking forward to graduating this quarter, and 
hopes to be writing for a Minneapolis weekly paper. If 
he's still jobless by July, he says he'll re-read all his 
Hemingway novels and seek adventure overseas. 



A new profession 
on a poisoned planet 

By Steven Axelson 
For Minnesota Technolog 

ith the environmental move
ment in the United States only 
about two decades old, there is 

already a widespread awareness that 
the rapport between human civiliza
tion and the Earth's biosphere is not 
very good. But despite some efforts by 
Congress- such as the passage of the 
Clean Air Act and the Clean Water Act 
- to help protect the biosphere, eco
logical degradation continues un
abated. 

Modern civilization's excessive use 
of energy from earthly fuels has played 
a significant role in the corruption of 
the Earth. But, still, this has been just 
part of the problem. Another factor 
that should not be overlooked is that 
many poisonous wastes are generated 
in the production of modern artifacts. 
And the extent of this detrimental situ
ation is becoming more obvious as time 
passes. I believe this problem is so 
urgent that it calls for a new science
named artifact ecologtj - to help counter 
this plight in our society. 

Historically, it seems humans got 
off on the wrong foot, as far as the 
environment is concerned. People have 
continually introduced new technolo
gies that, while beneficial to humans in 
some specific ways, later turned out to 
be profoundly harmful to the bio
sphere. 

One example of this is the intro
duction of the steam engine. Using 
coal as fuel, the steam engine had nu-

merous applications - factory ma
chine operation, water pumping, elec
tricity generation, ocean transport and 
so on. At its onset, the steam engine 
was a great blessing to society, chang
ing the nature of work for many people 
so that life required less physical toil. 
Today, however, the Earth's biosphere 
is paying the price for our quest for 
convenience. 

The introduction of the automo
bile is another example. Since its first 
large-scale proliferation during the 
early 1900s, the automobile has allowed 
people to significantly expand their 
ranges of travel. This has allowed for a 
greater separation between the work
place and the home, giving rise to sub
urbs and "bedroom communities." 
Now, millions of people are depen
dent on the automobile for their eco
nomic, and thus physical, survival in 
our contemporary culture. But in the 
meantime, toxic fumes from those au
tomobiles continue to corrupt the en
vironment. 

The invention of new chemical 
products has also been a mixed bless
ing. As the attractive, sellable products 
leave the company through the front 
door, the chemical wastes that result 
are quietly - and sometimes secretly 
- deposited somewhere in the bio
sphere. 

Cultural analysts and ecologists 
have said that a profound change in 
the way we live may be necessary to 
halt the degradation of the biosphere 
so that the human species can have a 
long-term, healthy existence on Earth. 
This, of course, cannot be known for 

sure. But with our excessive use of 
finite and polluting fuels, with our cul
ture continually generating malignant 
artifacts, and with the known corrup
tion that is continuing to take place, it 
seems that we are now slowly headed 
for "eco-suicide." 

This is where my proposed field of 
artifact ecology comes into play. The 
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dictionary defines ecologtj as the sci
ence of the relationship between an 
organism and its environment. I gen
eralize this definition by referring to 
the relationship between an "entity" 
and its environment. An entity could 
be an organism, a man-made artifact 
or something else. With the qualifier 
artifact, I limit the study to the relation
ship between an artifact- the mate
rial result of human endeavor- and 
the environment. The dictionary de
fines science as any methodological ac
tivity, discipline or study. Since the 
new professionals in this field would 
work methodologically in the study of 
the relationship between artifacts and 
their environment, they would be 
working in the science of artifact ecol
ogy. Thus the new experts in this field 
could be called scientists of artifact 
ecology, or artifact ecologists. 

This new order of technical profes
sionals is needed to help coordinate 
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the technological progression of our 
society so as to a void the further degra
dation of the biosphere. High-perfor
mance technical specialists of the past 
created the means to destroy our envi
ronment. It now seems necessary for a 
new generation of professionals tore
think the standards for what are con
sidered "good" technological innova
tions. 

One principle that artifact ecolo
gists would promote in order to direct 
a cultural evolution is that the entire 
environment be kept in mind when
ever a new artifact is invented. It is not 
necessarily easy to anticipate all the 
ramifications of a new invention. Learn
ing from history, however, the artifact 
ecologists would assess the likelihood 
and extent of harmful impacts associ
ated with the existence and produc
tion of a new artifact on the Earth's 
biosphere. They would then report 
their findings to society at large, so that 

an informed society could choose 
whether or not to allow proliferation 
of the artifact. 

The artifact ecologists would ana
lyze and report on presently used arti
facts as well. In pursuit of a benign 
culture for the future, perhaps some 
such artifacts would have to be left out, 
simply because they may be too detri
mental to have around. Or the scien
tists may determine that a limited pro
duction of an invention is ecologically 
acceptable. 

As part of the evolution toward an 
ecologically benign culture, artifact 
ecologists would gradually establish a 
realm of knowledge within which in
ventors would work to design non
harmful artifacts for eventual intro
duction to society. They would pro
vide ecological information about ma
terials and artifacts that may be under 
consideration for use in new inven
tions. Currently, this sort of knowl
edge is, to a large extent, unavailable to 
contemporary engineers- and prob
ably unwanted as well . 

Some scientists are already pursu
ing this type of study to a certain ex
tent, but there is much more work to be 
done. The development of our under
standing of the ecology of artifacts will 
likely become increasingly important, 
in order to make cultural decisions 
that will affect generations of humans 
yet to be born on Earth. 

The thought of attempting to 
achieve "ecological benign-ness" in our 
culture can be overwhelming. The 
magnitude of the project could be used 
as an excuse for some to ignore the 
issue, and those people may feel more 
content hiding in a secure, traditional 
career, working out the details of some 
malignant technology. But the envi
ronmental situation should instead be 
seen as a great personal challenge and 
potential career path. With an optimis
tic attitude toward success in the en
deavor of redesigning our culture to be 
environmentally friendly, artifact 
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ecologists may be applauded by soci
ety as cultural heroes, and thus inspire 
others to work toward a healthy rap
port between human civilization and 
the remainder of the Earth's biosphere. 

The notion of deliberately "evolv
ing" our culture with ecological analy
sis as a guide for choice-making seems 
to be generally non-traditional. Many 
ecologically significant choices of the 
past have been based on ideologies 
that did not consider the goal of eco
logical benign-ness important. It seems 
that many choices leading to signifi
cant cultural changes that have turned 
out to be ecologically detrimental were 
made for the sake of immedia te conve
nience or for the desire for more money. 
Consider again the introduction and 
use of the automobile. Did Henry Ford 
manufacture cars to create a better cul
ture for humans, or to make money, or 
both? And why did people buy his 
cars? We are now paying the price for 
these conveniences. 

Perhaps some innovators truly 
believed that no ultimate harm could 
result from the utilization of their arti
facts, and society later accepted them 
with few questions. This seems to be 
the case with the now-infamous chlo
rofluorocarbons. Invented in the 1930s, 

Illustration by Jennifer Hughlett CFCs were found to be an improve-
ment over previously used refriger
ants, such as ammonia, methyl chlo
ride and sulfur dioxide, all of which 
have noxious or toxic properties. But 

now, decades later, CFCs have been 
linked to the degradation of the Earth's 
s tratospheric ozone layer . Artifact 
ecologists could help prevent such 
harmful situations from occurring in 
the future. 

With the CFC case as a punctua
tion mark, I suggest that what is now 
known a bout the relationships between 
our countless artifact species and the 
environment is just scratching the sur
face. Who is going to bring forth cred
ible knowledge of these relationships 
so that human society of the h1ture can 
make intelligent choices in the evolu
tion of human culture on Earth? •:• 
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Steven Axelson 

Steven Axelson has a bachelor's degree in Computer 
Science and a master's degree in Electrical Engineer
ing. He is currently writing essays on technology 
and the environment, and hopes more people will 
get involved in the effort to protect the Earth. 
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Research spheres 
turned inside out 

By Alice Chen 
Technolog Staff Writer 

orne researchers have all the fun. 
A team of mathematicians at 
the University is working on a 

video project that shows how a sphere 
can be turned inside out ... with no 
creases or tears. 

But it's no joke- six or more team 
members have been working on the 
project part time over the past four 
years. 

A mathematician named Steven 
Smale came up with the sphere theory 
in 1957, and in 1964 Arnold Shapiro 
proved it in practice. The theory shows 
that a sphere made of an abstract mate
rial that can stretch, bend and pass 
through itself could turn completely 
inside out without ripping or folding. 
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And now the video by a team at The 
Geometry Center is putting this con
cept into visual form, using a method 
invented by Bill Thurston in 1974. 

Visual mathematics 

Tamara Munzner, the technical 
director for the program, says the pur
pose of the video- called Outside In
is education. "We hope to communi
cate the fun and beauty of mathemat
ics through visualization," she says. 

And the video is indeed visually 
pleasing. It is entirely computer-gen
erated animation, with vibrant colors 
and imaginative associations with ev
eryday things, to help the viewer un
derstand the sphere theory. 

Other members of the team in
clude Stuart Levy of the University of 
Minnesota, Mathematical Director 

Silvio Levy (the Levy's are not related), 
from the West Coast, and Artistic Di
rector Delle Maxwell, from the East 
Coast. 

The video project has also drawn 
students from both sides of the United 
States. David Ben-Z vi, an apprentice at 
the center, is deferring his undergradu
ate studies at Princeton to research the 
sphere; and another apprentice, 
Nathaniel Thurston, is a graduate stu
dent at Berkeley. 

The group works together on all 
aspects of the video. "Everyone is in
volved in producing graphics and writ
ing the script," Ben-Zvi says. 

Munzner hopes to complete the 
project within the next year. She says 
the Outside In project receives funding 
from the National Science Foundation, 
the Department of Energy, Minnesota 
Technology, Inc. and the University of 

Mark Phillips, Stuart 
Levy, Tamara 
Munzner and David 
Ben-Zvi (clockwise 
from left) are develop
ing a video about 
turning a sphere 
inside out without 
tears or creases. The 
video is being made at 
the University's 
Geometry Center. 



Minnesota. 
The Geometry Center also received 

grants in the past for a similar type of 
educational video project. "The first 
video, Not Knot, was a guided tour of 
hyperbolic geometry and knot theory," 
says Munzner. "Both videos are made 
for a wide audience that ranges from 
mathematicians to junior high school 
students." 

Spheres of the future 

Currently there are no applications 
for turning a spherical surface inside 

out- but applications are not neces
sary. The growth of knowledge from 
pure research tells us more about the 
world, and can entertain us at the same 
time. Who knows, maybe someday 
we'll discover that the dimension of 
time is like an inside-out sphere, or 
that the universe twists and turns, fol
lowing the same route of a sphere's 
eversion. 

But that's in the future . Right now, 
says Stuart Levy, "What we want to do 
is make mathematics visible." •:• 

Alice Chen 
Age: 21 

) 
Graphics courtesy of The Geometry Center 

These computer graphics show 
eversion - the process of turning 
an object inside out. Bill 
Thurston's face is displayed on 
the outside of the sphere first, and 
then Steve Smale's face is shown 
on the inside-out sphere. 

Year in school: Senior 
Major: Scientific & Technical Communication and 
Pre-physical Therapy 

Alice is glad to be graduating this quarter. She hopes to be 
a forest ranger this summer in Washington state or 
California's redwood forest. 
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