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oday we are in the midst of a global energy crisis due in
part to our dependence upon fossil fuels which are
imited in their availability, non-replenishable in their supply
ind predominantly under the control of the OPEC
roduction cartel. We are experiencing the consequence of
1 technology which has unlocked the potential for much
onomic development in this century, but which is being
sked to deliver more than it can sustain for many more
>ades at current or projected levels of energy
sonsumption. Faced by the social, political and economic
onsequences of an over-dependence on this fossil fuel
echnology we ara seeking alternative sources for our
nergy
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Jf all the choices available, fusion energy is simultaneously
ne of the most promising, yet difficult energy sources
yeing investigated. Unlike solar energy or nuclear fission,
oth of which are feasible with current technology (although
zach has problems of economic practicality, reliability or
safely) nobody has yet produced a controlled thermonuclear
usion reaction, much less tamed fusion as an energy
source. Like a miniature star here on earth, nuclear fusion
nay promise the 21st century a plentiful source of energy
with very litlle radioactive waste, no combustion products,
no chance of f 1 runaway and no creation of fission

eir weapons threat potential.
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stages involved in understanding,
ntrolling and harnessing this star-like power
ore intricate and frustrating than encountered
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and becomes a rapidly expanding plasma. The objeclive is
to inject so much energy in such a short time that the pellet

implodes and reaches the ignition point before it has time

o expand away

The second approach |s magnetic confinement, in which
strong magnetic fields ar ed as a "bottle’" to hold the

hot, dense plasma. In this case. the objective is o produce

a hot plasma inside the volume contained by the magneltic
field and hold it long enough for fusion reaclions to oceour
The magnetic devices presently being investigated include
such exotic closed geometry systems as tokamaks and
toroidal theta pinches, as well as open systems emplaying
magnetic mirrors.

The major emphasis of the program at Rensselaer is in the
development and application of techniques for measuring
plasma density, electron temperature, space potential, and
plasma instabilities, as well as for mapping magnetic fields
within the plasma volume. The heavy ion beam probe
apparatus originally developed by Dr. Hickok, is the anly
diagnostic technigue now available to allow scientists 10
understand both where and when various behaviors are
taking place in the plasma

RPI's research team consists of Professors Hickok,
Jennings and Connar; research associate Dr. Charles

Parsons, as well as thirteen graduate students and
twenty-lwo undergraduates

The Federal Energy Research and Development Ag
(ERDA), which administers almast all controlled
thermonuclear reaclion research at the national labt
in industry and at universities, is the primary funding
source, providing nearly $400,000 each year for
Rensselaer's fusion research, conducted both on ar
off-campus.

The off-campus program is divided into two parts
selup explores the operation of the ion beam probe
diagnostic system on a Laser Initiated Target Exper
device at the United Technologies Corporation Rese
Center (formerly United Aircraft) in Hartford, Connet
The diagnostic facility was designed, built and insta
Rensselaer and is operated by Rensselaer staff wheo
an-site in Hartford. In this experimental apparalus,
of lithium hydride are blasted with a laser beam to f
expanding plasma, which is captured by a magnetic

At the Oak Ridge National Laboratories a second re
project features a series of magnetic mirrors shapec
form of a torus and employs high power microwave
the plasma. Al Oak Ridge, Rensselaer scientists an
engineers are also concerned with the design, cons
and eventual operation of an ion beam probe diagn
system.

RPI, MIT, Caltech and the Tokamak

The on-campus program at Rensselaer is primarily
concerned with refining ion beam probing as a diag
technigue using the recently constructed Rensselae
tokamak. RPI's tokamak is one of only three small 1
tokamaks in existence today in the United States —
other two are at MIT and Caltech

Presently the leading candidate for a controlled
thermonuclear reaction device, the tokamak consist
toroidal (doughnut shaped) vacuum chamber and tv
plasma-confining magnetic fields. Time, temperatui
density are the keys to controlled fusion. Re
tokamak produces these conditions at a sub-f
while Dr. Hickok's ion beam probe techniques provi
and his colleagues with a read-out on what's happe
the plasma. These powerful diagnostic tools — the
to produce and control the plasma; the 1on beam pr
monitor it — are allowing researchers to gradually ir
the power of their plasma machines to the point at v
controlled fusion will be practicable. Things need
much hotter, denser and longer lasting before contr
nuclear fusion will become a reality, and the RPI fus
research team is hard at work finding the answers tt
there:




