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From the Editor

The fourth issue of the Technology Observer was
quite a challenge for our team, since it was the first
magazine that our staff brought from conception to
completion. In producing this issue, we wished to
maintain the same level of quality, sense of vision,
and purpose of the former three issues while at the
same time adding our own unique stamp to the
magazine.
Early on, it was decided that this issue would be
personal…it would have no overriding theme. Each
member of the editorial staff was asked to explore
recent technological advances in the context of their
major and interests. After brainstorming for ideas,
eight topics emerged, and the articles slowly took
shape. I think that the assortment of articles reflects
the diversity of the Technology Observer staff, along
with the NJIT community as a whole. Our academic
majors range from architecture and industrial
engineering to computer science and biomedical
engineering. The common thread that bound us
together, however, was that we are all avid
technology enthusiasts who enjoy “Observing the
Present with an Eye on the Future.” Since there
already exist so many articles dealing with new
technology in our society, we decided to explore
topics that had not been exhaustively covered in
mass media but which resonated with us.
Technology Observer magazine Issue 4 is the
culmination of our investigative efforts into the cutting
edge of modern technology, covering a broad range
of topics including smart gun technology and cloning
methodology. We also surveyed trans-dermal drug
delivery systems which eliminate the necessity for
needles and pills in localized medicine delivery, as
well as the far reaching implications of plasma
propulsion and superconductor applications.
Pioneering efforts into the nature of extra-solar
4

planets and computational chemistry were also
studied. Finally, we considered how the fields of
engineering, mathematics and computer science
came together to create the minimally invasive
method for performing major surgery known as the
da Vinci robotic surgery system. Some of these
topics are ethically indisputable while others are
controversial, yet we endeavored to treat all of them
both objectively and impartially from a scholarly
perspective.
As you read about the topics that have been brought
together in this issue of our magazine, we hope that
you find it to be more than just educational, but also
inspiring of greatness.
Shivon Boodhoo
Editor-in-Chief

Our Advisor

Dear Reader:
This fourth edition of the Technology Observer was ably
led by Shivon Boodhoo and a new team of Dorman
Honors College students. They were faced with the
challenge of developing topics, conducting research,
designing the magazine, and managing the process
through to publication.
The Honors Scholars departed from prior practice and
decided not to focus on a specific theme, rather to
review recent innovations in technologies which are
related to their academic majors and future
professions. The innovations which were researched
and written about ranged from superconductivity,
transdermal drug delivery systems, and human cloning,
to robotics in surgery and plasma propulsion. The
topics reflect the abundance of access the Honors
Scholars have to the imagination, knowledge and
innovation which surrounds them in their honors
courses, NJIT’s research centers, on-campus incubator
companies as well as the neighboring University of
Medicine and Dentistry, St. Barnabas Medical Center
and the Princeton Plasma Physics Laboratory.
We offer a thank you to those individuals who are
acknowledged in the articles for their access and the
challenges they placed before the Honors Scholars. A
special thanks to Lois Chipepo, Assistant to the Dean,
and Victor Keto for design and layout. I hope you find
the articles informative and thought-provoking.

Joel Bloom
VP Academic & Student Services
Dean, Albert Dorman Honors College
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A D H C

NJIT is a public research university enrolling
nearly 8,300 bachelor’s, master’s, and doctoral
students in 76 degree programs through its six
colleges including: the Newark College of
Engineering, New Jersey School of Architecture,
College of Science and Liberal Arts, the School
of Management, the College of Computing
Sciences, and the Albert Dorman Honors College.
Research initiatives include manufacturing,
microelectronics, multimedia, transportation,
computer science, solar astrophysics,
environmental engineering and science, and
architecture and building science.

The vision of the Albert Dorman Honors College
is the engagement of excellent students with the
best faculty, original research, and practiceoriented projects. The context of this engagement
is inquiry-based learning, a computer intense
campus, an urban setting, diverse populations,
global relationships, and an environment that is
erudite and transformational.
The Honors College currently enrolls over 500
students, with average SAT scores above 1300.
They are enrolled in Honors courses, participate
in leadership colloquia, are involved with
professional projects, and conduct research with
faculty at various NJIT research centers. These
scholars work closely with national and
international businesses and industries, and
participate locally in community activities. They are
leaders on the NJIT campus, and future leaders in
the science, engineering, mathematics, and
technology professions.

The Albert Dorman Honors College

T h e N e w J e r s e y I n s t i t u t e o f Te c h n o l o g y

N J I T

The staff of the
Technology Observer
sends its sincere Thanks
to all who helped us
in producing
Issue 4,
and a special thanks to Victor Keto for his excellent work
in designing and assembling our magazine.

Image Courtesy of the National High Magnetic Field Laboratory
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The Next Frontier
of Scientific Discovery

by Shivon Boodhoo &
Lamine Dieng, PhD candidate
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…trains that float on their tracks with virtually no
friction between materials.
…power being transmitted to customers with
virtually no energy loss along the transmission
lines between the power station and the consumer’s
residence.
A hundred years ago the examples above would
have been considered by most as elements from a
science-fiction novel. Today, however, many
researchers believe that mankind can look forward
to these formerly improbable events becoming
aspects of everyday life in the very near future,
because of advances in superconductor
applications.
What are superconductors?
A superconductor is defined as any element, intermetallic alloy or compound that conducts electricity
without resistance below a certain temperature. The
characteristic of superconductivity that has ‘wooed
the masses’ of science so-to-speak, is the fact that
once set in motion, electrical current will flow almost
indefinitely within a closed loop of superconducting
material, thus making it the closest thing to perpetual
motion in nature.
The remarkable journey of superconductivity
begun in 1911 in the laboratory of Dutch physicist
Heike Kamerlingh Onnes at Leiden Univerisity. He
observed that when he cooled mercury to the
temperature of liquid helium (4 degrees Kelvin, 452F, -269C) its resistance disappeared. It is a
10

well-known fact that the Kelvin scale represents a
measure of ‘absolute temperature’, therefore it was
necessary for Dr. Onnes to achieve a temperature
that was within four degrees of the coldest
temperature theoretically attainable in order to
witness the phenomenon of superconductivity.
Two decades later, in 1933 another great landmark
of superconductivity was achieved when Walter
Meissner and Robert Ochsenfeld (1913 Nobel
Prize) discovered that superconducting material will
repel a magnetic field. When a magnet is moved
by a conductor, it induces currents in the conductor,
but in a superconductor the induced currents exactly
mirror the field that would have otherwise penetrated
the superconducting material, thus causing the
magnet to be repulsed. This phenomenon called
the Meissner Effect is so powerful that a magnet
may actually levitate over a superconductive material
(See Magnetic Levitation application in this article).
The American physicists John Bardeen, Leon
Cooper and John Schrieffer (1972 Nobel Prize)
postulated the first widely accepted understanding
of theoretical superconductivity in 1957 in Theories
of Superconductivity, which became widely known
as the BCS Theory. This complex theory explained
in essence of superconductivity at temperatures
close to absolute zero for elements and simple
alloys. The BCS Theory, however, has become
inadequate in later decades when attempting to
expound on the occurrence of superconductivity at
higher temperatures with different superconductor

systems.
In 1962, Brian Josephson (1973 Nobel Prize) at
Cambridge University was able to predict that an
electrical current would flow between two
superconducting materials even if a nonsuperconductor or an insulator separated them.
This occurrence has been dubbed the ‘Josephson
effect’ and has been applied to modern electronic
devices such as the SQUID (Superconducting
Quantum Interface Device). This is a very sensitive
detector consisting of a superconducting loop with
two Josephson junctions used to measure magnetic
fields.
The 1980’s saw a remarkable flurry of discovery in
the field of superconductivity. In 1980, Klaus
Bechgaard of the University of Copenhagen in the
Netherlands along with his French teammates were
the first to synthesize organic or carbon-based
superconductors. Their work illustrated that
molecules could actually be designed to function in
a predictable way. This was followed in 1986 by the
work of Muller and Bednorz (1987 Nobel Prize) in
Switzerland which saw the creation of a ceramic
compound that was able to superconduct at the
highest temperature then known – 30 degrees
Kelvin. Muller and Bednorz’ work was truly
groundbreaking in that ceramics were normally very
good insulators, meaning that they do not conduct
electricity well, and prior to this, researchers did not
consider these to be viable candidates for high
temperature superconductors. Some parts of Muller
and Bednorz’ ceramic concoction were actually

superconducting it was later found, at a remarkable
58K!
This discovery started a new impetus for
researchers around the world to create ceramics of
every conceivable combination in attempts achieve
even higher Tc’s (Critical transition temperature
below which a material begins to superconduct).
Such research has yielded the world record for
superconductivity, a Tc of 138K obtained by a
thallium-doped, mercuric-cuprate comprised of the
elements Mercury, Thallium, Barium, Calcium,
Copper and Oxygen. Under cases of extreme
pressure, even higher Tc’s have been obtained –
as high as 25-30K greater under 300,000
atmospheres.
Researchers around the world continue to discover
new superconductor properties everyday, but just
as exciting are the applications of superconductors
in today’s society.
TRAINS THAT FLOAT ABOVE THEIR TRACKS
– The MagLev
MagLev is literally defined as the support and
propulsion of objects or vehicles by the use of
magnets. This support is frictionless and without
contact, which allows for fast, quiet, reliable usage
without a great deal of maintenance and low
environmental impact. The typical system consists
of the a train-like vehicle and a guide way which repel
each other, providing the lift force. By engineers
continuously reversing the polarity of the magnets
along the length of the track, a series of attractions
11__

and repulsions are created which leads to the
movement of the vehicle along the track. Under
normal, non-superconducting conditions, the energy
required for such an operation would be exorbitant
and thus impractical for commercial use. (See
illustrations).

The propulsion of the train is based on two
types of motors – Linear Synchronous Motor
(LSM) and Linear Induction Motor (LIM).

A maglev train floats about 10mm above the
guide way on a magnetic field. It is propelled
by the guide way itself rather than an onboard
engine by changing magnetic fields (see
Illustration). Once the train is pulled into the
next section the magnetism switches so that
the train is pulled on again. The Electromagnets run the length of the guide way.
12

Superconductors though, provided hope that this
system could become a reality, to the extent that
today MagLev has become synonymous with
Superconducting MAGnetically LEVitated Vehicle.
Research into such as system has been carried out
simultaneously in the United States, Great Britain,
Japan and Germany since the 1960’s. Several
projects have been started and cancelled in each
of those countries in the 40-odd years that have
passed since the inception of research. A
partnership between China and Germany is
showing real promise, though.
In late 2002, the world’s first commercial
magnetically levitated train was unveiled in
Shanghai, China. The sleek, white train performed
flawlessly during its maiden voyage between
Shanghai’s financial district and the Pudong Airport
reaching a top-speed of 420km/h effortlessly. The
futuristic vehicle glided noiselessly on its gray raised
platform and completed the 30km journey in 14
minutes. China is upgrading its rail system and
watching the Shanghai system with a wary eye as it
considers possibly implementing the MagLev
system for a 1,300km link between Shanghai and
China’s capital, Beijing. A MagLev would be able
to make the trip in 3hrs – a speed that rivals air travel.
Even though this technology carries the hopes of
the future railroad industry, it also comes with a hefty
price-tag. At a staggering $1.9 billion cost for a short
line and about $39 billion for 1,300km, the MagLev
is no minor undertaking.
The United States has been considering several
MagLev applications across the country. One of two
finalists selected by The Federal Railroad
Administration (FRA), of the U.S. Department of
Transportation is The Pennsylvania Project. The
proposal is for a 50 mile long system extending from
the Greensburg Area to the Pittsburg International
Airport in about 30minutes. This is just the initial
system, but the dream is that eventually there will
be stops in Johnstown, Altoona, State College,
Lewistown, Harrisburg, Lancaster and Paoli,
eventually extending farther East to connect to the

very populous Northeast Corridor. The high hopes
for this system also include a Southern Link to
Wheeling, Morgantown, Clarksburg and
Charlestown (West Virginia), a Western link to
Cleveland and Chicago and a Northern link to
include Erie (Pennsylvania) and Buffalo (New York).
High-profile companies such as Boeing are also
getting into the act by working with other firms and
the United States Government to upgrade the
Holloman High Speed Test Track at Hoffman Air
Force Base in New Mexico. Not only will this facility
be a good testing ground for national defense
parameters, it will also provide the design
constraints necessary for the application of this
technology in aerospace launch assistance.
Knowledge gained in this area will be used to
benefit NASA programs such as the Highly
Reusable Space Transportation Phase II study.
As the world continues to watch the MagLev with a
keen eye, another superconductor application has
caught the attention of both skeptics and optimists
– Power transmission using superconducting wires.
POWER TRANSMISSION –
Wires that lose no energy from wire resistance

This involves the use of the HTS (High Temperature
Superconductivity) cable system, which is a power
cable designed to carry large amounts of electrical
current over short or long distances without energy
loss. It will increase the capacity of the transmission
system while saving money, space, and energy.
One example of its implementation in the United
States is S.P.I.- the Superconductivity Partnership
Initiative – a team made up of Pirelli Cables &
Systems (team leader), American Superconductor
(wire manufacturer), Detroit Edison (utility end user),
Electric Power Research Institute (project support),
Los Alamos National Laboratory (cable testing),
Lotepro (refrigeration systems) and the U.S.
Department of Energy. The SPI is at the cutting edge
of commercially viable HTS (High Temperature
Superconductivity) power transmission.
*At the time of writing this article, the S.P.I was in
the process of implementing a 3phase HTS cable
system in Detroit.
It is no secret that power demands in urban US
areas have been increasing at a significant rate in
recent years and that international markets have
grown just as rapidly. Not only must power
companies meet this mounting demand but around
2,200 miles of existing underground power cables
either have reached or are soon to be at the end of
their service life and must be replaced.
Instead of replacing these old cables with the
traditional copper wire, it is possible to replace
these underground cables with the S.P.I’s Pirelli HTS
cable which is specifically designed to replace
existing cables. This means that there will not be a
need to expand existing conduits since HTS cable
can often be pulled through the same pipes and
cable raceways that previously held the copper wire
cables. Remarkably though, HTS cable can carry
three to five times more power than conventional
cable, all of this with no electricity loss due to
conductor resistance!
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Part of the significance of this technology lies in the
fact that underground HTS cables can be used in
lieu of overhead transmission lines when there are
environmental and other possibly aesthetic
concerns that would prohibit traditional overhead
installation.
How does this work?

The HTS wire is pulled through the existing pipes
and cable raceways. Liquid nitrogen is then used
to cool the conductor material to superconducting
temperatures. The Pirelli cable uses a “room
temperature dielectric” design. This means that the
dielectric (electrical insulation) is outside the thermal
insulation and is not exposed to the liquid nitrogen
temperatures (above 77Kelvin or -1960C).
As shown in the diagram, the overall assembly
consists of a flexible, hollow core wrapped with
14

several layers of HTS tape, followed by thermal and
electrical insulation. Pressurized liquid nitrogen
flows through to core to cool the HTS tapes. The
cable assembly is then jacketed just like
conventional wires and completed with skid wire to
provide physical protection during installation and
use.
HTS wire continues to advance – in the spring of
2002, American Superconductor released their first
batch of HTS wire for commercial manufacturing.
American Superconductor’s Massachusetts facility
is the first commercial HTS production plant of its
kind in the world. At full production capacity, this
factory can produce around 20,000 km of HTS wire
every year. It is the hope of American
Superconductor that putting such quantities of HTS
wire on the market will drive prices downward and
facilitate more HTS applications.
What does this mean for the future?
No human can accurately predict the future. All that
we can do is watch trends and postulate what we
believe the world will be like in later times. It is the
opinion of this author that superconductors are
indeed the next frontier. The possibilities are virtually
limitless. There are so many possible applications
that this article was only able to briefly touch on the
surface of two of these – HTS wire and MagLev
trains.
The immense capacity of superconducting wire with
no energy loss could mean drastically lower energy
costs. This would translate into savings across the
board for everything from automobiles to aluminum
foil. In turn, the implications on the world’s market
economy is almost unimaginable.
The MagLev may very well revolutionize travel as
we know it today. Such high-speed transportation
over land would have far-reaching ramifications on
commerce – some of the MagLev’s speeds can rival
air travel without the dependence on petroleum.
Perhaps this technology will dramatically change the
way we move – the way the internal combustion
engine changed human travel forever.

15__
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By Val Akkapeddi & Mallav Naik

Though man’s imagination has soared into the
heavens since time immemorial, it is only in the last
fifty years that he has been able to establish an actual
physical presence in the universe outside of his own
dear home planet. Soviet scientists first launched
the earliest unmanned ‘spacecraft’ into orbit in 1954,
an unremarkable sphere of metal. At the time, this
was hailed as one of the most profound
achievements of human ingenuity. Today, artificial
satellites are significant links in the chain that binds
the world of global commerce and communication
together – and their existence is quotidian enough
to the average person who uses them that they
hardly even wonder how ‘they got up there’.
Though initially motivated by a quest for military
superiority, the space program has expanded into
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something without which the modern world of
commerce simply could not exist. Furthermore,
space exploration has implications that could
contribute a great deal to our understanding of the
universe, as well as provide unique opportunities
for the betterment of the human race – from the
science-fictioneque dreams of terraforming Mars
and establishing extra-terrestrial habitations, to the
very realistic and commercially fruitful prospects of
research, development, and manufacturing in a
zero-gravity environment. As the benefits of space
exploration manifest themselves, we also find
ourselves face to face with the limitations of
conventional rocket-driven technology.
Basic rocket flight is powered by the elementary
principle of action and reaction. An explosive
mixture of hydrogen and oxygen is combusted within
the engine, releasing high-velocity exhaust, and
producing a reactive force that propels the rocket
forward. The chief limitation of this conventional
propulsion technoque lies in the speed of the
combusted fuel that is expelled. The relationship
between the propellant exhaust velocity of a given
engine and the propellant required is described
within the fundamental equations of rocketry.

It requires an enormous amount of fuel to produce
the kind of forces it takes to counteract the attractive
pull of the Earth’s gravity. Just to get an idea of the
amount of fuel involved, consider that only about five
percent of the mass of a space shuttle is the
payload, the rest is all fuel.
Objects in near-Earth orbit, such as communications
satellites, are still subject to the same force of
gravity, though somewhat weaker than at the planet’s
surface, as well as certain other constraints of inertia.
Keeping these on their prescribed orbits which they
must maintain to be of use as communication
devices requires occasional course corrections,
which must be made by firing thrusters. Though the
change in velocity is somewhat less for the kind of
maneuvers required to keep a satellite oriented, the
savings in terms of propellant mass delivered by
increasing the velocity are nevertheless significant.

Several such advances have been made in the field
of electrical propulsion technologies. Some of us
might be greatly surprised to learn that not only does
the technology exist, but also that electrical
propulsion has been regularly implemented for quite
some time now.
The potential of electrical propulsion was recognized
by the eminent Robert Goddard, generally
considered as being the father of modern rocketry,
as early as 1906. Electrical propulsion research
was part of the explosive growth of the United States
space program in the 1960’s. The practical
application of this technology began in the 1980’s,
and greatly picked up steam in the next decade,
and continues on to this day. Over one hundred and

As Dr Choueiri explained, given even the best
chemical rockets available today, which delivers a
maximum velocity of 4.5 km/s, the transfer of sixty
metric tones from low-Earth orbit to Mars would still
take the equivalent of six and a half shuttle-loads of
fuel! However, an exhaust velocity of an order higher,
such as the 5 km/s electrical rockets, would require
only one half of a shuttle-load to make the same trip.
Continued exploitation of space will benefit greatly
from advances geared towards cheaper and more
reliable methods of propulsion: ones that deliver
greater exhaust velocities than chemical rockets.
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Existing electrical propulsion technologies can be
grouped into three broad categories: electrostatic,
electrothermal, and electromagnetic. Of these,
perhaps the simplest are the electrothermal designs,
which were the first to see practical implementation
in the eighties.
Electrothermal

However, resistojets, for all their appeal, are limited
by the nature in which they transfer thermal energy.
The upper limit on the temperatures which can safely
be reached without degradation of the materials
which make up the engine is only about three
thousand Kelvins, which places a cap on the exhaust
velocity of the propellant ejected. If higher exhaust
velocities are to be reached, then the temperature
of the fuels must be allowed to reach much higher
levels.

The basic concept behind electrothermal propulsion
is easy to understand. A propellant is electrically
heated, then allowed to expand through a nozzle just
as in rockets, except the reaction is not a chemical
explosion. Two kinds of engines currently use
electrothermal means to generate thrust: resistojets
and the arcjets.
Resistojets.
As the name implies, resistojets operate using
resistance-heated coils to transfer thermal energy
to their fuels, rather like a toaster. Exhaust velocities
of up to 10 km/s are possible in the best case, using
a hydrogen propellant. However, given entropic and
storage considerations, other propellants such as
hydrazine or ammonia are more common in
practice. Systems for the storage and delivery of
hydrazine propellant previously developed for
monopropellant hydrazine-based rockets can be
fitted onto resistojet engines, resulting in savings of
money and R&D time. Producing anywhere from
half to a third of the optimal case with hydrogen,
hydrazine-fueled resistojets still maintain a
performance edge over conventional rockets, while
being cheaper and more efficient than if hydrogen
was used. Their scalability to sub-kilowatt power
ranges is also a major winning point for tasks that
require efficiency more than power, such as keeping
satellites oriented; a role they have served since
their first application in the sixties through their
dominant period of proliferation in the eighties.
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Arcjets.
One solution that has found popular practical
application is the arcjet, which runs a powerful arc
of electricity directly through the propellant, heating
it to incredible temperatures, much higher than
those produced in a resistojet engine, thereby
providing greater exhaust velocities. When
compared to a resistojet, this system practically
hemorrhages energy due to heat lost through
ionization (a process about which anyone who’s
smelt the ozone tang in the aftermath of an electrical
discharge knows – or rather ‘nose’), and other
entropic and thermodynamic losses.
Still, the greater exhaust velocities and power levels
delivered by the arcjets make them the more popular
option. Starting in the early nineties, arcjets fueled
by the same hydrazine as earlier resistojets,

delivering twice the exhaust velocities (up to 6 km/
s) and consuming about twice as much power, have
been fitted on satellites for the roles of altitude
maintenance and orbital orientation.
Although they are to a certain extent quite practical,
electrothermal engines still have several glaring
drawbacks and inadequacies. For example, the
engine parts exposed to high temperature are prone
to erosion, which curtails their lifetimes. The exhaust
velocities of even the best electrothermal thrusters
are still only on an order of a few times better than
conventional chemical rockets, inadequate for
deep-space missions, where high velocities must
be achieved.
The most significant factor limiting the obtainable
velocities by electrothermal means of any
implementation is the temperature to which the
propellant gas can be raised. This weakness can
be eliminated if the driving force could be directly
applied to accelerate the propellant, giving them a
momentum independent of the thermal energy that
can be imparted to the material.
Electrostatic
The electrostatic method of doing this through
electropropulsion means is to suspend charged

particles of propellant in an area occupied by
powerful electrical fields. Electrostatic engines of
this type can also deliver longer lifetimes because
of the greatly reduced heat stresses on the individual
parts. Higher power levels become more
manageable, and thus, practical.
Ion Thrusters.
The basic design of the engine that is commonly
known as the ion thruster is fairly simple and intuitive.
A cathode releases positively charged ions towards
a set of grids through which an electric current is
passed. When the ions enter the electric field
pervasive in the grid, an accelerating force is
imposed on them, expelling them as a propellant
stream. A charge neutralizer which releases a
steam of electrons is built into the exhaust
mechanism, neutralizing the positively charged
exhaust which might be attracted back towards the
negative current running through the grids.
Even though electrostatic ion thrusters can promise
long lifetimes, low beam divergence, and a fairly
dependable degree of efficiency, their usefulness
is limited by the low thrust densities they are capable
of achieving because of charge density
considerations.
Despite it’s drawbacks, a 30 cm(diameter) ion
thruster was mounted on the asteroid probe Deep
Space 1. The 2.5 kW power source, with 81 kgs of
Xenon, accelerated the ship to nearly 35,000 km/h
for it’s rendezvous with the asteroid Braille. By
September of 2001, it had logged a continuous
1400 hours of operation.
Electromagnetic
This leads to the concept of using electromagnetic
fields as a source of spacecraft power.
Hall Thrusters.
Perhaps the first popular implementation of
electromagnetic engines centers around exploitation
of the Hall Effect. The Hall Effect occurs when a
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current is generated perpendicular to magnetic
fields, inducing an electrical field perpendicular to
both of them on a third axis.
When super-heated gas is introduced to a chamber
with the Hall Effect, light and negatively-charged
electrons are stripped away by the induced electric

school and college. Magnetoplasmodynamic
structures take advantage of this.
The shell of the propulsion chamber itself acts as
an anode, and a single spike thrusts from the center
of the chamber to act as a cathode. The interaction
between the self-induced magnetic field surrounding
the cathode and the electrical fields pervading the
area between the spike and shell creates a Lorentz
acceleration, by F = E x B.
Megnetoplasmodynamic Thrusters.
Currently existing MPDTs are the cutting edge of
non-chemical propulsion options for deep-space
exploration due to the high thrust densities and
power they can provide, albeit solely at higher power
levels. Research is currently concentrated towards
addressing the low durability of the cathode, which
erodes under the stresses of high levels of electrical
power flowing through it. Different propellant options
are also being sought.

field. As massive ions escape this induced field,
they become accelerated by the current, and are
cast out as exhaust. After the accelerating force
has been delivered, the electrons are then allowed
to rejoin the exhaust stream, neutralizing the circuit.
Thus, the final exhaust stream is both neutral, and
charged with kinetic energy. With no charge density
problems to overcome, much greater thrust
densities than those of electrostatic methods can
be obtained.
Though the former Soviet Union has run Hall
thrusters on its satellites since the seventies,
Western space powers have only now gained
interest in them. Currently, Hall thrusters are under
development in private firms funded by the
government.
In its most basic form, electromagnetic propulsion
uses the well-known equation F = E x B, taught in
most elementary physics courses through high
22

Dr. Choueiri’s research, as he explained at the
plasma propulsion lab in Princeton University, has
produced a solution to the erosion problem. By
using hollow cathodes consisting of metal rods, and
flooding the space between them with lithium
propellant, a 200 kW thruster is able to operate
continuously for five hundred hours.
Conclusion
As the human race moves boldly into the twenty first
century already armed with many of the tools of a
space-faring race, one can’t help but wonder what
marvels of ingenuity await just beyond the horizon.
No less than sixty years ago, it was idle speculation
that man should one day rise to conquer the heavens.
Perhaps, as we look at what the human mind is
capable of accomplishing, the days of warp drives
and TIE fighters as not as far off as they once
seemed to be.
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By
Mayur Bhavsar
&
Narayan Viswanadhan

The field of medicine is rapidly changing, and this
change calls for a more technologically savvy
physician. The days of bloodletting, operations
without anesthetics, and surgeries without the aid
of computers are over. Clearly, medicine is no
longer restricted to these primitive techniques; rather
it involves a confluence of engineering,
mathematics, and computer science. This article
deals with a recent technological innovation, which
is considered to be revolutionary in the field of
medicine, notably surgery. This innovation is known
as the da Vinci Surgical System. Currently, many
surgeries are performed laparoscopically – a
surgical method where the surgeon uses long
instruments to grasp hard to reach areas. These
surgeries include cholecystectomy, hernia repair,
gastric bypass, transplant nephrectomy, and even
gynecological uses. Laparascopy involves the
insertion of a lean, light-containing, fiber-optic
“telescope” attached to a camera for a view of the
operative site. Laparoscopy involves the surgeon
making smaller incisions compared to that of
conventional methods. This will lead to less trauma,
quicker recovery, and is ultimately cost-effective. As
a renowned surgeon at St. Barnabas Medical
Center in Livingston, NJ, Dr. Dennis Filippone
believes that conventional laparoscopy is “literally
like looking at a television screen. The people that
use laparoscopy have adapted their brains so that
they have a three dimensional perception of where
things are, but it is still a flat image that is processed
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in the brain to give you three dimensions.” The da
Vinci Surgical System is gaining widespread
acceptance for alleviating this limitation.

Photo courtesy Intuitive Surgical.
Although laproscopy is very beneficial and effective,
the Da Vinci is superior and more user friendly. The
da Vinci system consists of four major components:
the surgical console, the operating table, the three
robotic arms, and the endoscope. The robotic arms
maneuver an endoscope – consisting of a fiber optic
camera, and two surgical devices. To an
experienced surgeon like, Dr. Filippone, the da Vinci

Surgical System is much more. He states, “the da
Vinci allows you to do all those things (which
laproscopy can do) in three dimensions with a
robotic arm that not only has the jaw function that
our primitive instruments have but also a wrist
function that moves in medial
and lateral directions as well as
a rotational function like your
forearm. This allows for a
greater degree of freedom
with grasping the surgical
devices.” Furthermore, this
technology adds to the
existing methods of
performing minimally invasive
surgery. In addition, it can provide
the intuitive control, range
of motion, fine tissue
manipulation, and 3-D
visualization characteristics of open surgery.
The da Vinci Surgical System is readily applicable
to many surgeries. The tiny ports created by the da
Vinci Surgical system allow doctors to perform surgeries that would be very difficult to perform by

conventional methods. For instance, cardiac
surgery, a daunting and arduous task for even the
most skilled surgeon, can be completed without
much difficulty with the da Vinci Surgical console.
Traditional open-heart surgery involves cracking the
sternum open in order to operate on the heart. The
da Vinci bypasses this laborious and painful
process by making small incisions and placing the
instruments into these ports. General surgeries such
as urologic, gynecologic, thoracic, and other
abdominal procedures can be performed with the
aid of the da Vinci Surgical System. Procedures
include preparation of
internal mammary
arteries for coronary
bypass surgery,
operations on the
stomach to stop
severe heartburn, and
removal of a cancerous
tumor in the prostate gland.
When one thinks of the da Vinci
Surgical system,
one expects a
robot with many
gizmos and keys
which might even
perplex a highly
educated individual. However, this is not the case.
The da Vinci is a very uncomplicated apparatus.
The system consists of four key elements: the
surgical console, patient- side cart, the instruments
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and the endoscope. Let us begin by examining the
patient-side cart. This feature consists of the robotic
arms which will hold the instruments and the
endoscope. These robotic arms will execute all
of the surgeon’s commands. First, the surgical
team will prepare the instruments and will create a
1 cm operating port. The laproscopic arms will pivot
at the small operating port abolishing the need for a
patient’s body as leverage. This in turn will minimize
nerve and tissue damage. The next feature is the
endowrist instruments. There are many types of
instruments, however each has it’s own function. For
instance, some may be used for suturing, while
others may function in clamping or tissue
manipulation. Though each of them has a different
function, they all have the capability to perform
seven-degree movements just like a human
wrist. The endoscope provides the surgeon with a
high resolution, 3-D image of the operative field.
Finally, the surgical console is the area which the
surgeon will sit and perform the actual surgery.
As mentioned earlier, the surgical team will make
the 1 cm openings and will prepare the instruments
and endoscope. After this is completed, the surgeon
will sit at the surgical console, which is located a
few feet from the operating table, and look into a
viewfinder to examine the 3-D images of the
operative area. Next, the surgeon will grasp the
joystick like controls located just underneath the
screen. These joysticks will control the surgical
instruments. He will move his hand and hence the
joystick as if he were performing the surgery without
the da Vinci system. A computer will send an
electronic signal to one of the instruments and the
instrument will mimic the movements made by the
surgeon. The surgeon has the facility of moving the
endoscope or enlarging the image during the
operation. Also if an instrument needs to be changed
during the surgery, it can be done quickly and
effectively. The members monitoring the side-cart
will use the quick release levers and change the
instruments quickly and without difficulty.
Ultimately, the advantages and disadvantages of the
28

da Vinci Surgical System will determine its
widespread acceptance. “The da Vinci is beneficial
because the operator can understand and see and
function better in that environment than in the
laparoscopic environment. The da Vinci allows
the surgeon to view the operative site in a threedimensional view, hence the learning curve is
flattened out. You can take someone who is not
very sophisticated or has not yet trained their brain
to use laparoscopy effectively and you can teach
him or her to do the same thing with the da Vinci
faster.” Perhaps the greatest advantage of this
innovation is the magnification capability coupled
with the 3D perception of the operative site. Using
image synchronizers, high intensity illuminators and
camera control units the image is refined and
optimized, the benefits of which are obvious. Another
advantage of this system is that it has a wide range
of flexibility. In laproscopic surgery, the operator is
only allowed a medial and lateral function. However,
with the da Vinci, there is the capability of rotational
function. Another unique advantage with the da Vinci
Surgical System is that the physical stress on the
surgeon is reduced, as he or she is able to sit.
Hence, with less fatigue, it can be argued that there
is a lesser chance of complications.
Similar to laparoscopy, the da Vinci Surgical
System is minimally invasive. Despite the trauma
reduction in minimally invasive surgeries, the
surgeries are actually harder to perform. In fact,
upon discussion with various surgeons, the
consensus seems to be that it is easier to perform
these operations by hand. However, the “downside
with doing it by hand and in an open environment is
that it hurts the patient. The patient’s discomfort and
response to trauma is related to the incision. It is
not what you do on the inside but it’s how big your
incision is.” Laparoscopy, or the da Vinci Surgical
System allows for quicker recovery time.
Performing the operation by hand will call for many
weeks of recuperation time as a result of the large
incision required. The da Vinci Surgical System,
on the other hand, places a few small incisions,

decreasing the amount of trauma, ultimately leading
to shorter hospital stay and recovery period. Despite
the apparent advantages, many questions and flaws
still remain with the da Vinci system.
One disadvantage is that many say that this new
technology is not cost effective. In fact, according to
Dr. Filippone, “the equipment is so expensive that it
is hardly lucrative for both the hospital and patient.”
Furthermore, with the existing problems of health
care, the inevitable problem of insurance
procedures and their coverage of the da Vinci
Surgical System will also be an important concern.
The question of whom and what will be covered will
be a determinant of the uses of the da Vinci System.
Another disadvantage to consider is the possibility
of malfunction. Although the “robot” is surely an
advanced system and performs safety checks over
1300 times per second, the possibility of error still
remains, and most would prefer to be under the care
of the greatest machine, the human brain. Clearly,
the episodes of Y2K and the constant unreliability
of computers as experienced in our everyday lives
make many fearful of the “reliability” of this
innovation. Hence, it is important to consider the
ethical issues, as they play a pertinent role in guiding
technology and its applications.
Intuitive Surgical Inc. is the first company to
introduce the da Vinci surgical system. Frederic
Moll, M.D., Robert Younge, and John Freund, M.D.
formed Intuitive in 1995 based on foundational
robotic surgery technology developed at SRI
International. The Food and Drug Administration
(FDA) has permitted the usage of this system in
certain surgeries. On July 11, 2000, all general
laproscopic procedures could be performed.
Thoracoscopic surgical procedures were approved
on March 2, 2001. The FDA has also cleared the
da Vinci System for use in thoracoscopicallyassisted cardiotomy procedures, including surgical
repair of the mitral valve.
Clearly, the future will bring more and more advances
similar to the da Vinci Surgical System. However,
this also causes a greater problem – the

reliability of this technology. Also, we must utilize
this technology while maintaining certain ethical
considerations. For instance, there are many
concerns regarding whether patients will opt to utilize
this technology. Further questions arise such as will
patients be asked to give consent to robotic surgery,
as well as how cost effective will the surgery be for
both the patient, and the hospital. Ultimately, we
must be careful with the decisions we make
because the value of human life is at stake.
While surgical robots offer some advantages
over the human hand, we are still a long way
from the day when autonomous robots will
operate on people without human interaction.
But, with advances in computer power and artificial
intelligence, it could be that in this century a robot
will be designed that can locate abnormalities in the
human body, analyze them and operate to correct
those abnormalities without any human guidance.
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Tools & Techniques in the Search For

EXTRA
SOLAR
PLANETS
by Val Akkapeddi
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For centuries, man has gazed into the heavens and
imagined other worlds like their own, some
populated by other forms of life and civilizations.
Indubitably, they exist. But, lost in the glare of alien
suns, they have for long been hidden from human
sight, until now.
Planets are difficult to observe directly because they
emit no light of their own, and any light reflected on
to their surface by their parent stars is negligible
compared to the star’s own light. Even the strongest
existing telescope is not sufficiently powerful to
detect a planetary system orbiting a star. However,
advances in science and technology have given
astrophysicists an array of tools and techniques for
indirectly detecting and confirming the existence of
planetary systems around other stars.
Perhaps the most obvious and straightforward of
these means of detection is the simple transit
method. It stands to reason that any tenebrous
object, when passing in front of a luminous body,
should occlude the effulgence thereof. The principle
is equally valid whether applied to a moth passing
in front of a lightbulb or a planet passing in front of a
star. Slight, periodically recurrent variations in the
intensity of light from a candidate star might indicate
the presence of a regularly orbiting planet.
Observations of fluctuations in stellar brightness
collected over time are combined with
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spectroscopic data to rule out the possibility of
eclipsing binary stars and matched up against
graphs of variations resulting from likely transit paths
of planets orbiting candidate star systems. Under
optimal conditions, this method has proven
successful in very small planets, up to 1% of the size
of Jupiter.
This method is most effective when employed to
study systems that are known to be “edge-on” to
our own plane of reference, since it is impossible to
observe the transits of alien planets around their
respective suns unless they pass between the star
and observers on Earth.
Another popular method relies on the gravitational
interactions between planets and their host stars.
In the same way that the moon exerts gravitational
forces on Earth, planets exert slight forces on their
host star that cause them to ‘wobble’ slightly. This
‘wobble’ can be observed directly as a candidate
star shifts position with respect to background stars.
The drawbacks on this method, called astrometry,
arise from technological limitations on how
accurately the positions and angular distances
between stars can be measured.
Stellar wobble can also be observed in another way.
As the star pulls the planet slightly away from
observers on Earth, the radiation will have a small

red shift, and as the star is pulled towards the Earth, a small blue shift. This
method of Doppler spectroscopy is a popular way to search for extrasolar
planets, however, it shares the limitation of the transit method in that it
is most effective in systems ‘edge-on’ to Earth. Doppler spectroscopy
is still useful, since it at least gives scientists a lower bound for
the mass of planets orbiting a star.
One of the most promising new technologies that might
figure largely in the future of extrasolar planet
detection and exploration is interferometry. As any
student of elementary physics knows,
interference of waves can be used to
increase or decrease the amplitudes of
waves of the same frequency; this is the
cornerstone of this science. The light
from two separate telescopes can
be gathered and combined to
provide a sharper picture, and
eliminate a great deal of
stellar glare.
The famous physicist
and Nobel laureate
Albert
Michelson
used interferometry
to measure the
diameter of the
star Betelgeuse,
the first outside
the solar
system, in
the year
1920.
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The science has advanced since then. Today,
interferometry is used to study stellar objects
hitherto veiled by their own coronas, and reflections
of their own light from interstellar dust. The Keck
Observatory in Hawaii, the largest optical telescope
in the world, is an interferometer. Taking advantage
of this revolutionary science, the Keck Observatory
has provided pictures of the cosmos with even
greater resolution than the Hubble Space Telescope.
Scientists predict that in the future, interferometry
can generate resolutions high enough to give us
here on Earth our first glimpse of the planets we
can now only indirectly detect.
NASA and other institutions around the world are
launching projects to take advantage of these new
technologies, further our understanding of the
Universe, and take the search for extrasolar planets
to the next level.
The University of Geneva has undertaken the
HARPS(High Accuracy Radial Velocity Planetary
Search) project. Set for completion in 2008,
HARPS will install a highly sensitive spectrometer
in the observatory at La Silla, Chile. Up to ten times
more accurate than current spectrometers, the
HARPS spectrometer will be able to detect bodies
only slightly larger than terrestrial planets using the
radial velocity method.
34

NASA has scheduled a series of projects beginning
with Keck and culminating with the grand TPF
mission aimed at facilitating the discovery,
cataloguing, and exploration of extrasolar planets.
The Kepler project, scheduled for launch in 2007,
will allow scientists to search the stars for planets of
the same size as our very own Earth. The Kepler
project will scan a portion of space many times
larger than the other major space observation
platform, the Hubble Space Telescope, for a span
of four years with an array of CCDs. Though the
probability of finding star systems with planets
correctly oriented towards the Earth to make
accurate observations is low, scientists are still
optimistic due to the sheer number of systems
Kepler will scan.
Close on the heels of Kepler, NASA will launch the
SIM, or Space Interferometry Mission, in 2009. The
SIM will consist of two large mirrors assembled to
create an interferometer much more powerful than
any currently in existence. In addition to allowing
the measurement of stellar positions and the
distances between stars with ‘unprecedented’
accuracy, thereby making observations of stellar
wobble easier, SIM will also pave the way for the
construction of interferometer telescopes powerful
enough to directly observe extrasolar planets.

The crowning touch on this series of projects will be
the TPF mission. Though the precise nature and
architecture are as yet undecided, the Terrestrial
Planet Finder will build on the successes of the
projects planned for execution before it, and search
for terrestrial planets in the ‘inhabitable zone’ around
star systems where oxygen, carbon, and other
elements that might indicate life occur in significant
quantities. Such a discovery would answer with a
ringing affirmative that question which has plagued
humanity for generations.

Are we alone in the Universe?
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By Sreelatha Akkapeddi
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A soldier has somehow become ill. He is on hostile
ground fighting and cannot afford the time
or concentration to stick to an orally
administered antibiotic regimen. He pulls
out his prescription transdermal antibiotic
patch, and he places it above his arm,
layers of skin above his brachial artery.
This patch will allow him to move on in
his mission, while he fights the invasion
within him. This day may come
sooner than we expect.
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Skin, the
final frontier
of the human
body, is our largest
organ, and serves
numerous purposes, the
most obvious of which is its’
role in the immune system. This
major part of the integumentary system
not only helps contain the organs of the body, but
also defines the body’s boundaries and prevents
adversarial organisms on the outside from getting
into the body.
Figure 1 shows the different layers of the skin. The
topmost layer of the skin is the epidermis, containing
many layers of which the topmost layer is the stratum
corneum. The stratum corneum contains multiple
layers of flattened epithelial cells abundant in the
protein keratin. The basal layer of the epidermis is
right above the dermis, this is where cell division
occurs. The dermis layer contains capillaries for
nutrient exchange, subcutaneous glands, hair
follicles, sweat glands and nerves. A layer of fat lies
beneath the dermis. Also present in the skin are

sebum producing
sebaceous glands,
which may have weak
antibacterial and antimycotic
properties. Langerhans’ cells, a type of
resident macrophage, are part of the skin’s
immune defense against invaders. All these layers
are a marginal defense against pathogenic
bacteria, viruses, and malignant chemical reagents.
As it turns out, there are some substances that are
capable of traveling right through the skin, and
getting absorbed into the body’s circulatory system
through capillaries in the site local to the area where
the chemical is placed. Because of the many
defenses that the body has, there are only a few
drugs that can pass through the skin. There are two
proposed ways in which a drug is able to pass
through the skin: the intracellular path and the
transcellular path (Figure 2). When taking the
intracellular path, the drug makes use of the gaps
between the cells. It must be small enough to pass
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skin permeability requisites. A biological half-life
for our purposes is the time it takes for 50 percent
of a drug to be metabolized by the body. Ideal lipid
solubility and skin permeability for drugs used in
transdermal patches is given by a permeability coefficient between –1.0 and 4.0. Transport across a
membrane, more specifically across skin, is given
by the equation shown in Figure 3.

through the gaps, and must be abundant so that the
cells in the skin do not metabolize it. The drug must
have special resistive properties in order to pass
the skin in the transcellular method.
There are many criteria that a drug must fulfill to be
used in a transdermal patch. Typically drugs uses
in transdermal patches are administered in daily
doses of less than 20 mg. Candidates for
transdermal drug delivery are non-irritating and nonsensitizing to the skin, have a molecular weight
below 500 daltons, a melting point below 200ºC, a
biological half-life of ten hours or less, and have
certain lipid solubility and skin permeability
requisites. A biological half-life for our purposes is
the time it takes for 50 percent of a drug to be
metabolized by the body. Ideal lipid solubility and
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There are two main types of transdermal patches:
passive and active. Passive patches come in two
varieties: matrix and adjuvent. The matrix patches
are the typical patches that contain a drug that is
capable of passing through the skin barrier on its
own. An adjuvent patch on the other hand uses an
agent such as dimethyl sulfoxide to increase its rate
of passage through the skin. There are three ways
in which pharmacological agents can be actively
passed through the skin: iontophoresis,
electroporation and phonophoresis.
Most patches that are currently marketed and used
are passive patches, both of the matrix and adjuvent
variety. The passive patch mainly contains three
definitive regions: the backing, the compartment
where the drug is contained, and a release liner with
an adhesive. The permeability of the release liner
may be varied to control the rate of transfer of the
drug. In this way, drug release may be controlled
and timed.

Active transdermal patches are less widely used
and are still under study. The idea behind
iontophoresis, electroporation, and phonophoresis
is basically the same. The general concept involves
increasing the skin’s permeability to a certain drug
using external methods, such as electricity or sound.
Electroporation and iontophoresis, both involve the
application of a low intensity electrical current to the
surface of the skin. The current allows the passage
of ions and molecules including macromolecules
that would not pass easily otherwise. Iontophoresis
is based on the principle that a charged ion is
repelled from an electrode of the same charge and
on the principle of electroosmosis. Due to
electroosmosis there is a movement of solvents that

Medications that are taken orally have been known
to cause gastrointestinal (GI) irritation, and have
such side effects as nausea, stomach cramps, and
loss of appetite, among others. The side effects
and their severity depend on a particular patient’s
GI pH, enzymatic activity, drug interaction, and other
similar factors. It is widely known that oral medicines
tend to become deactivated by digestive enzymes,
in a process called the first-pass effect.
Direct injection of certain medications avoids some
of the hassles of the oral form of drug delivery. Of
course, this method too has its downsides. When

drugs are administered intravenously, they risk the
chance of being metabolized or deactivated by the
liver before they reach the site where the drug is
most needed.

occurs through a charged pore in response to the
preferential passage of counter-ions when the
electric field is applied. Electroporation relies on
the same two principles, and on the idea that
electroporation causes the formation of new
aqueous pathways in the stratum corneum.
Phonophoresis is the use of ultrasound (frequencies
of sound above 20 kHz) to enhance transdermal
drug delivery rates. Simple and safe as it may seem,
the mechanisms underlying this method are not
completely understood. How does the sound
enhance permeation? The possible malignant
effects of ultrasonic waves are also still in study.
The need to develop a noninvasive localized method
for delivering medication is obvious.

The discovery of this method was partially
serendipitous. It was discovered in the 1900s that
dimethyl sulfoxide (DMSO) can reach the systemic
circulation when it is laced on the surface of the skin.
Years later, during World War II, it was inadvertently
discovered that workers exposed to nitroglycerin
had fewer angina attacks. There was little research
done in this area until the late 1950s. The first
transdermal patch manufactured in 1981 by Alza
Corporation was Transderm-Scop (scopolamine).
This scopolamine patch could be placed behind the
ear to prevent motion sickness. Today transdermal
patches are used for just about everything (Table
1).
Even today, more drugs are being tested for use in
different types of transdermal patches. Newer,
better and more reliable designs for each type of
transdermal drug delivery are being designed.
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As we develop more ways to take advantage of the
transdermal path, there is a lesser need for invasive
methods of drug delivery. Thus we meet our priori
purpose of making medicine more accessible and
more effective.
Special thanks to Bozena Michniak, Ph.D at
Department of Pharmacology and Physiology,
University of Medicine and Dentistry in Newark, NJ
for her expert advise.
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Personalized
W e a p o n s
Technology:
F i n g e r p r i n t
S c a n n i n g
by Vivek Gangriela

In the wake of the tragic Columbine
shootings of 1999, where two high
school students went on a shooting
spree inside their school using
illegal guns, several State
Legislatures across America have
begun to address more thoroughly the
rapidly increasing phenomenon of gun
violence in our society. The New
Jersey State Legislature is one such
body of government that has begun
taking concrete steps toward
alleviating this deadly problem.
These steps include gun safety
education, passing laws requiring
the use of gun locks, and providing
severe penalties for crimes committed
with weapons. A major step being
taken in the direction of making
guns safer to use is the development
of “smart guns”. Over the course of
2000 and 2001, the state legislature
has allocated one and a half million
dollars to the New Jersey Institute
of Technology (NJIT) for research
and possibly development smart guns,
or
“Personalized
Weapons
Technology”.

“Personalized Weapon” is a term
used to describe a type of gun
that would be designed to be
operated only by authorized users.
Such a weapon has also come to be
called a “smart gun” or a “childproof
gun”. Even though such a weapon would
not completely eliminate the problem
of random gun violence, it would
serve to cut down the number of
shootings caused by unauthorized
users obtaining and using the guns.
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Also, as the NJIT project team’s
executive summary points out, smart
guns “would be particularly important
for law enforcement and the military,
since a significant percentage of

law enforcement officers are
killed or wounded in the line of
duty as a result of being shot
with their own weapon.”(1)
The NJIT project team that is
undertaking this research is headed
by Dr. Donald H. Sebastian, the
Associate Provost for Research &
Development and the Executive
Director of the Center for
Manufacturing Systems at NJIT. The
team includes Brigadier General
William J. Marshall and Dr. Michael
Reece, an Associate Professor in the
Department
of
Computer
and
Information Science at NJIT. The team
also includes the Deputy Chief of
the Joint Service Small Arms Program,
Matthew T. Zimmerman, who is based
at Picatinny Arsenal in Dover, New
Jersey. Picatinny Arsenal provides
key logistical support to the team’s
research.
The NJIT project team initially
established the following objectives:
·
Conduct a comprehensive
survey and a detailed assessment of
current and emerging technologies
that have the potential to be used
in the manufacture of a “smart gun,”
(this report utilizes the terminology
of personalized weapon.)

·
Provide objective and
unbiased scientific analysis and
judgment concerning the reliability
and
feasibility
of
various
technologies for implementing a
personalized weapon.
·
Provide realistic estimates
of the time required for implementing
the various technologies required
to manufacture a personalized weapon.
(2)
The technologies initially reviewed
were:
Radio Frequency Tags
Remote Control
Touch Memory
Lock Systems
Biometrics Recognition
Voice
Finger Print
Grip Pattern (3)
Based on their initial research, the
team concluded that a Personalized
Weapon’ currently does not exist,
and
that
at
present,
gun
manufacturers lack the resources to
create such a ‘smart gun’. They did
opine that there exists technology
that could be used to develop such
weapons, and that “biometric
technologies
have
matured
sufficiently to enable creation of
a personalized weapon suitable for
safe use by gun owners”(3).

A key component in the development
of a personalized weapon is the
ability to add user authentication

to a handgun. This process requires
three distinct elements: the ability
of the gun to detect the presence of
a potential user, the ability to
discriminate an authorized user from
a non-authorized user, and the
ability to free the system for use
and also to lock it down. Thus, the
technology utilized must be capable
of supporting these three functions
of sensing, discrimination and
actuation. Based on intensive
technology assessment, the NJIT team
concluded that biometrics, a sciencebased method of identifying people
by measuring their personal
characteristics and actions, provides
a feasible approach to developing
the technology needed to develop a
smart gun.
Using biometric technology, a matrix
of personal, individual measurements
of a group of users could be
electronically inputted into the
personalized weapon. The gun owner
could then program the gun to grant
or deny access to each member of the
group, while also denying access to
any person not included in the group.
This would immediately solve the
problem of children finding their
parents’ guns and accidentally firing
them, while also eliminating the
scenario in which a criminal uses a
police officer’s own gun against him
or her. On the whole, this approach
seems to provide the most viable
method for providing the technology
required for a smart gun.
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considers
grip-recognition
technology to be a better fit that
fingerprint recognition technology
since gripping the gun is a behavioral
biometric, rather than an easily
forged physical biometric like
fingerprints. Dr. Reece also said
that while the sensors needed to
detect and scan the fingerprints were
too large to be feasible for the
project, the grip-recognition
technology utilizes 15 tiny pressure
sensors throughout the whole handle,
hence making them easier to install
on a gun due to their smaller size.
A battery is placed in the cartridge
to provide power to the mechanism.
All-Electric guns, which are
currently being developed by several
gun-manufacturers, form a perfect
complement to smart guns using the
grip-recognition technology.

While finger-print detection is one
such biometric sensor technology that
has received the most prominence and
has been the most targeted for
commercial development, the NJIT team
has been opined that Grip (or
handshake) recognition is the
biometric method most suitable for
utilization, and development for the
smart gun. This method uses the
combination of two biometrics:
physical hand-dimension and dynamic
grip signature. Dr. Reece, an expert
in pattern recognition systems,
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The NJIT team has been utilizing the
excellent simulator and gun range
at Picatinny Arsenal to research the
grip patterns of people. While a lot
of subjects were tested, the most
intensive test featured 6 experts
who were given a plastic replica of
the gun and their grip patterns were
measured by determining the relative
pressure applied on various places
on the handle of the gun. Readings
were taken more than a hundred times,
and in the end, the results showed
that while people who were using the
gun for the first time handled the
gun differently each time they fired
it, professionals (who have had

considerable experience firing guns)
gripped the handle of the gun more
consistently. This helped the team
in their efforts to evolve the
classifier architecture that would
undertake the pattern recognition
of the grip-dynamics.

Determining the classifier
architecture is one of the main
aspects of the project . The
classifier in the smart gun will be
responsible for taking in the gripsignatures of the pre-determined set
of authorized users, and comparing
them to the observations obtained
by the sensors just before the
trigger is about to be squeezed.
Based on the validity of the
observations, the classifier should
either allow the gun to fire, or
lock it. One of the errors that can
be made by the classifier is the
scenario in which the gun is allowed
to fire even though it is not in the
hands of a legitimate user. Such an
error is called a Type One Error or
a False Positive, and according to
Dr. Reece, the grip-recognition
technology is capable of producing
a low False Positive ratio of 1 in
10000. This is yet another advantage
of using this biometric system in
personalized weapons. This technology
also needs only a small time frame
to do the classification, making the
authorization process smooth and
transparent to the user, and can be
programmed to work with multiple
users.

While the production of a working
model of a Personalized Weapon may
still be a few years down the line,
the major steps being taken at NJIT
towards the research and development
of such a weapon are extremely
encouraging. Gun control has become
a critical issue to the safety of
people of America, especially
considering the frightening advent
of terrorism on domestic soil.
Addressing this issue, the Governor
of New Jersey, James E. McGreevy,
recently signed legislation making
New Jersey the first state in the
nation to require hand-guns
sold within the
state to be
equipped
with
smart-gun
technology.
Thus, the
research
being
undertaken
at NJIT
may soon
act as a
catalyst
towards
leading
the
country to
a tighter
gun-control
policy, and
become an integral
part of the future world
of safer guns.
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C O M P U TAT I O N A L C H E
By Lisa M. Kardos
Typically people characterize chemists as those who
wear white laboratory coats and safety glasses, and
spend their days and nights in a dark room with
beakers and test tubes atop surrounding black
tables. For those advanced in stereotyping, they
might even include a gas chromatograph apparatus
or perhaps computer monitors with full-screen
graphs in the background. Though the “laboratory
coat” scenario was perhaps an accurate depiction
of the seventeenth-century European chemist, it
does not necessarily represent the present-day
chemist. If one were to research chemistry journals,
one would be astonished to realize how many
articles refer to Quantum Mechanical modeling via
computers. As each day progresses, more
chemists are using a calculated/theoretical
approach to their research. Those left in
laboratories are mainly the organic chemists
discovering the results of various reactions for
pharmaceuticals or fragrances, and even those
chemists often preview their results via computers
before attempting their work in the laboratory.
It is quite intriguing that the physical sciences
can
indeed overlap each other. In one exapmple,
\
the fundamentals of physics intertwines
with the fundamentals of chemistry,

especially where the Schrödinger equation is
concerned. Physicists of the 1920s’ first practiced
computational chemistry when attempting to solve
equations using hand-cranked calculating
machines. Such approximate solutions encouraged
scientists to quantitatively explain various
phenomena, including spectra, structure, and
reactivity of matter. As time progressed (especially
during World War II) electronic computers became
an overwhelming presence as a resource for
scientists and mathematicians. Though physicists
were tempted to pursue their interests in nuclear
structure, scientists were successful in developing
a new discipline by the 1950s, where chemists
attempted to find information about the behavior of
molecules based on mathematical approximations
of the solution to the Schrödinger equation using
the computer. With the decrease in computer costs,
and the increased popularity of using this tool, the
discipline developed during the latter part of the 20th
century. There were successful inroads in developing
algorithms and methods making quantum chemistry
an accessible field. Over time, such developments
lead to software packages that arrived in the 1970s,
80’s and 90s, which focused on increasing accuracy
and precision. The increased accuracy was also met
with better capabilities, such as the capacity to study
larger molecules (having more atoms).
Presently there is a sizable collection
of computer programs that are fit
for doing classical, semiclassical,
and quantum calculations, all of
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which were developed from the
questions scientists proposed
concerning electronic-structure and even
nuclear motion. The solutions developed from the
use of these programs are often based upon
advanced mathematics, such as Fourier’s equation
from differential equations. The integration of
physics, chemistry, and mathematics – all on
advanced levels – is astounding, and quite complex.
Many scientists, however, follow a
“simpler” approach to their research,
by looking to estimate various energy
levels of their molecules. This is the
molecular mechanics approach, where
the total energy of a system can be derived
from simple values attributed to atom
distances, bond angles, and dihedral
angles.
Molecular mechanics is indeed
intriguing. In fact, this field has become so
popular that many chemists equate
computational chemistry with molecular mechanics.
This field is also viewed as being synonymous with
the concept of three-dimensional graphical
modeling of molecules. In fact, this is usually the
starting point for all of the calculations. By drawing
the structure within a graphical program, one can
realistically estimate the configuration of a molecule,
thereby exporting the “z-matrix” (numerical code for
the angles and parameters) into the true
mathematical-based program set that would
calculate the energies desired. It is noted that it is
helpful to learn the technique for estimation directly
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into the mathematical-based program initially,
though, in order to gain a truer understanding of the
technique that essentially uses ionization and
electron affinity principles gathered from the
Periodic Table of Elements. One can choose an
intuitive approach in finding the values for bond
angles by estimation with this approach in a
mathematical program, with the goal of the program
being an optimization of the parameters in order to
yield correct values for energies. Once true
understanding is achieved, one can move on to the
“shortcut” method of drawing the molecule quickly
and exporting the result to the mathematical-based
program as described by using one of the many
graphical programs that is on the market.
Molecular mechanics does not necessarily stand
alone, however. Most often it is joined with Statistical
Mechanics, the study of intramolecular parameters
and forces among many-particle systems. Put
simply, the molecular models that can be developed
with molecular mechanics theoretically experience
vibrational, rotational, and translational energies that
are not necessarily accounted for within the baseset of computational programs. As such,
adjustments must be made to the initial energies
calculated in order to yield a more realistic result
for some chemists.
Furthermore, computational chemistry is not only
wrought with the combination of Molecular
Mechanics and Statistical Mechanics, but it also
encompasses the integration of quantum mechanics
concerning rates of chemical reactions. Key terms
such as reaction barriers and potential energy
surfaces lead to the Transition State theory, where
the reactant changes its configuration to a certain
point (for a few nanoseconds) and then leads to
reaction products. It is this concept that has captured
the interest of many chemists, however due to its to
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complexity in modeling, it is computationally difficult
to consider with all of the calculations. One can truly
depict a reaction, however, by finding all of the
information needed for each molecule by using
Molecular Mechanics, fixing the values with
Statistical Mechanics, and finally finding the rates
of the reaction based on the transition state theory
as described with Quantum Mechanics.
The aforementioned combination just described,
between Molecular, Statistical, and Quantum
Mechanics, indeed describes the essence of many
research groups across the United States and
certainly throughout the world. Though it is not
necessarily widely known by everyone, most
chemists are indeed familiar with these basic
concepts. It is these concepts upon which Dr.
Joseph W. Bozzelli and his research group, have
focused upon for two decades at the New Jersey
Institute of Technology. Often he works with five or
six doctoral candidates and two masters candidates
researching many projects concerning
computational chemistry. All of his work is an
integration of the mechanics, from the molecular
modeling to the transition state theory. This group
is quite renowned, having the EPA Center of
Airborne Organics in collaboration with them at NJIT.
Often Massachusetts Institute of Technology,
California Institute of Technology, and NJIT meet for
conferences, where most, if not all of the research
methods are based upon computational chemistry.
The programs used range from Mopac, to Gaussian
98 (the fundamental Quantum Mechnical program),
along with Chemdis and Therm, among others. In
the past many programs were only available for
mainframe computers. Recently, however, most are
available for the personal computer.
It is important to realize the value of the
Computational Chemistry discipline. Not only does

it allow one to discover information about molecules
that have never before been researched, most
notably those molecules which are too dangerous
to pursue in a laboratory, but it also shows that the
iterative model is indeed an illustration
of the integration of various disciplines,

and leads
to a fusion
between physics, chemistry,
and mathematics. This progress
in science – the combination of
the physical sciences and even
engineering – truly marks a
revolution in technology for the
chemist. Indeed, the chemist is
not in the laboratory, but instead in front of a
computer, piecing together new creations for
everything from pharmaceutical drug design to new
biological systems.

Special thanks to
Dr. Joseph W. Bozzelli of
New Jersey Institute of Technology
for all of his assistance in the field.
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CLONING
by Sara Fazelinik
In 1997, scientists Ian Wilmut and Keith Campbell
of Roslin Institute near Edinburgh, Scotland, stunned
the world by creating Dolly, the world’s first cloned
sheep. Some scientists celebrated the successful
creation of a cloned mammal as a huge leap toward
the identification and abolition of diseases, and as
presenting a new option to be exercised in the quest
to procreate. Others condemned the
accomplishment, suggesting it was a crude
overreach of man’s desire to control life, which
opens the door to horrific abuses, such as creating
“designer babies” and “photocopies of the rich and
famous” [1].
Human cloning, the hottest scientific debate of the
century, is mainly support by an organization called
“Clonaid”. Clonaid was founded in 1997 by a sect
called the Raelians, members of which claim to
believe space aliens created life on Earth. The sect
itself was founded by Claude Vorihon, a former
racing-car magazine journalist who calls himself
Rael. Currently they are numerous unsubstantiated
claims suggesting the creation and birth of more
than five babies by Clonaid.

What exactly is cloning? Can it be done? What are
the advantages of such a science in human life?
What are the dangers?
The word “cloning” etymologically comes from the
Greek language and means “asexual reproduction”
[2]. The three different types of “cloning” are:

Embryo cloning: This is a medical technique, which
produces monozygotic (identical) twins or triplets. It
duplicates the process that nature uses to produce
twins or triplets. One or more cells are removed from
a fertilized embryo and encouraged to develop into
one or more duplicate embryos. Twins or triplets are
thus formed, with identical DNA. “This has been
done for many years on various species of animals;
only very limited experimentation has been done on
humans”[3].
Adult DNA cloning (Reproductive cloning): This
technique is intended to produce a duplicate of an
existing animal. The DNA from an ovum is removed
and replaced with the DNA from a cell removed from
an adult animal. Then the fertilized ovum, now called
a pre-embryo, is implanted into a womb and allowed
to develop into a new animal. “As of January 2002,
it had not been tried on humans. It is specifically
forbidden by law in many countries. It has the
potential of producing a twin of an existing person.
Based on previous animal studies, it also has the
potential of producing severe genetic defects”[3].
Therapeutic cloning (biomedical cloning): This is
a procedure whose initial stages are identical to
adult DNA cloning. However, the stem cells are
removed from the pre-embryo with the intent of
producing tissue or a whole organ for transplant
back into the person who supplied the DNA. The
pre-embryo dies in the process. The goal of
therapeutic cloning is to produce a healthy copy of
a sick person’s tissue or organ for transplant. The
tissue or organ would have the sick person’s original
DNA The patient would not have to take
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immunosuppressant drugs for the rest of his or her
life, as is now required after transplants. There would
not be any danger of organ rejection.
There is also a downside to this technology. In their
January 17 issue, USA Today stated that most
scientists concur that only about 1% to 2% of the
cloning attempts in animals lead to a live birth. Only
about 20% of them will lead to a normal clone
animal! Most animals like sheep, cattle, pigs, and
mice that have been cloned by scientists have
significant errors, resulting in “oversize fetuses,
placental defects, lung, kidney and cardiovascular
problems, brain abnormalities, immune dysfunction,
and severe postnatal weight gain” [5]. Adjacent to
all the physical and mental disorders observed in
clones, there are various social, cultural, and legal
issues to be considered. Many religions like
Christianity and Islam condemn any disruption in
God’s will, believing that cloning is the interference
in the natural rhythm of life created by God, the sole
creator of universe. There are countless long-term
issues to consider: who will have access to cloning
technology, who will pay for the procedures, does
medical insurance cover the cost, and who will be
blamed and held responsible for medical care costs
in cases of children being born with medical defects.
“Some experts believe the real stake in the heart of
human cloning will come when angry parents sue a
laboratory or a doctor over a genetically damaged
child. A strong case of malpractice could be made”
[5]. As humans, we desire perfection and beauty.
What will happen when parents are able to sketch a
model for their future child consisting of all their
desired physical characteristics, maybe even
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mental and psychological characteristics? Is it
morally acceptable to have parents decide how their
children should be? What will happen to the
genetically and culturally significant factor of diversity
in societies?
Beneficial or perilous to human life, human cloning
is subject to research and development all across
the world, even though it is illegal in most countries.
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