








Fig. 2. The first five members of a Cantor bar.

Fig. 1. The first four steps in the

construction of a Koch snowflake.

materials, the structure of complex
biological molecules, and the paths
of particles circulating through the
air). The problems are so
challenging and fascinating that I
have since devoted virtually all my
effort to them. So far I have solved
problems involving the electrical
response of the interface, the lattice
vibrations, magnetic ordering, and
small-angle neutron and X-ray
scattering of fractals.

My enthusiasm is shared by
many colleagues at ORNL. The
short course on fractals that I gave
in the fall of 1984 attracted about
30 participants from many
disciplines ranging from physics to
biology. In the past 10 years a
sudden burst of interest in fractals
has occurred worldwide for reasons
that I will explain.

A fractal is a geometrical object
that is self-similar under a scale
transformation. One excellent
example is the flea described in the
poem cited above. Jonathan Swift,
++~ British writer, anticipated this
new field of physics by more than
two centuries. If the flea is
magnified sufficiently, each smaller
flea would look identical to the
original flea, down to the full
hierarchy of smaller fleas that
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infest it. In the same manner, the
pockmarked surface of the moon,
with its randomly distributed set of
craters of all sizes, looks very
similar whether viewed through an
earthbound telescope or from the
much closer vantage point of a
moon-orbiting spaceship. A head of
cauliflower appears to be a
magnified version of its parts.
Several dozen examples of fractals
in nature are collected in a 1976
book and its 1983 revision by
Benoit Mandelbrot, a French
mathematician working in the
United States. He coined the term
fractal because self-similar objects
usually have fractional dimensions,
and he also publicized the notion of
self-similarity as a fundamental
symmetry property of fractals.
Because scientists have become
increasingly familiar with the
concept of fractals and have
recognized them in the objects they
work with in their laboratories, the
field of fractals has grown
explosively.

The earliest fractals emerged
about 100 years ago when a small
group of mathematicians looked
beyond ordinary smooth curves and
invented some monster curves. A
classic e~~~ ple is the Koch
snowflake shown in Fig. 1. This
curve, named after its inventor, the
Swedish mathematician Helge von

Koch, is constructed by the

following process: Start with .
equilateral triangle. Next, adc
smaller equilateral triangle tc
middle of each side to obtain .
pointed star. In the third stag
12 still smaller triangles, one
each side of the star. When tl
procedure is repeated without
the resultant shape is the Kot
snowflake. The analogy betwe
this shape and the flea envisi
by Swift is quite obvious, pro
that we depict the hierarchy ¢
these pests by equilateral tria

The boundary of the Koch
snowflake (Koch curve) is
continuous but not smooth. It
makes an infinite number of
zigzags between any two poin
the curve. The length of the ¢
between any two points is inf’
Most of us have seen strange
objects of this kind at some p
during our mathematical trai:
However, we tend to think of
as aberrations, as skeletons ir
closet of otherwise neat
mathematics. Like monsters,
are summoned only to scare
inexperienced students into
thinking rigorously along the
of modern analysis.

At the dawn of the 20th ce
the German mathematician F
Hausdorff suggested a way to
generalize the notion of dimes
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Freeman
Lyson, Harper & row, ivew York,
198}, (840 pages). Reviewed by Jack
Barkenbus, senior researcher and
specialist in nuclear arms issues at
the Institute for Energy Analysts,
Oak Ridge Associated Universities.

st books written on nuclear

veapons today are intended
to scare the reader. Weapons and
Hope seeks instead to educate the
reader—a much more difficult
task—and succeeds beyond
question.

This book, which recently was
given the National Book Critics
Circle Award for general
nonfiction, conveys a sense of
optimism despite its gloomy
subject. The optimism is based not
on complacency about the current
state of affairs but on the belief
that we, as fallible human beings,
can find a way out of the nuclear
impasse if we search hard enough.

Far from being a Pollyanna,
Dyson rejects the easy but
ultimately futile routes of escaping
from the nuclear predicament, such
as unilateral disarmament and the
nuclear freeze. Instead he finds
hope in new technologies that
incorporate advancing computer
and sensor capabilities. Dyson’s
thesis is that these emerging
capabilities fundamentally shift the
balance of forces away from
offensive dominance (“brute force”)
and toward defensive dominance,
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which is based on the possession of
advanced information- and battle-
management capabilities.
Consequently, he envisions the
eventual development of small
(1-kg, or 2-1b!), highly accurate,
nonnuclear, ground-based missiles
or rockets that can intercept
lumbering offensive missiles
(a “non-nuclear David slaying the
nuclear Goliath”). He is also
heartened by the continued
development of Precision Guided
Munitions—small, nonnuclear
missiles designed to strike tanks,
airplanes, and ships—and believes
they will serve admirably in the
defense of western Europe, thereby
allowing for the eventual removal
of tactical nuclear weapons from
the European front.

spite his faith in technology,

Jyson holds no hope for a
space-based, antimissile system,
as conceived by President Reagan’s
“Star Wars” plan. Space systems
and futuristic technologies such as
high-energy lasers and particle-
beam generators are too elaborate
and too fragile or vulnerable, Dyson
writes, and he calls the plan a
“technical-follies future.”

The “Star Wars” emphasis on
technology concerns Dyson, because
he rejects the possibility that
technical fixes—even when they are
his own preferred technologies—can
lead us out of the debilitating arms
race. New technologies, he asserts
must be accompanied by negotiated
arms reductions and, more
importantly, by a change in
government policies so that each
superpower opts for assured
survival of its own nation, as
opposed to the assured destruction
of the other. Mutually assured
destruction, or MAD, would then
become a thing of the past.

Dyson is hopeful that this policy
or security concept—one he calls
“Live and Let Live”—will

ultimately be adopted by both U.S.
and Soviet leaders and that it can
bridge the gap he sees between the
perceptions of the military (the
“warriors”) and the general public
(the “victims”). He is asking for a
lot; yet the case he makes against
relying on the concept of assured
destruction for our security is
compelling.

This is not an ordinary book
about nuclear weapons, though it
covers much of the standard
ground, including discussion of
various nuclear weapons systems
and the strategic theories or
concepts that have grown up
around them. What distinguishes
this book, apart from its tightly
woven logic and wisdom, is the
author’s well-constructed prose and
his unique approach to the topic.

In many ways it is a personal
memoir. Dyson, who is now a
physicist with the Institute for
Advanced Studies at Princeton
University, served as a technical
expert for the British Royal Air
Force in World War II. His uncle
was killed in World War 1. The
author recounts wartime
experiences in considerable detail,
not to establish his credentials but
to illustrate the follies that have
accompanied humans into war and
to warn against their reappearance.

Dyson has not given us a
blueprint for achieving a stable and
secure peace. Much additional
thought, analysis, and political
consensus-building remains. He
has, however, pointed us in a
direction that increasingly will be
seen as wise and correct.

On the last page of his book, he
states, “We shall not be finished
with nuclear weapons in a year or
in a decade. But we may, if we are
lucky, be finished with them in half
a century. . .” That is the hope, and
Dyson challenges us to muster the
will and in<icht necessary for its
realization









































































































the corners or under the rug, so to
speak, they will come out again and
get into the plasma.”

To remove the most stubborn
impurities, scientists have tried
tokamak shots (high-temperature
hydrogen plasmas contained by
magnetic fields) and glow discharge
cleaning (low-temperature plasmas
of hydrogen, helium, or krypton not
confined by magnetic fields). The
glow discharge cleaning plasmas
are commonly referred to by names
that describe the method of
creating the plasma. The methods
used to excite plasmas include

¢ 3 high-voltage (500 V) current,
¢ radiofrequency (RF) radiation
(commonly, 13.6 MHz),

* RG power (a hybrid of high-
voltage and RF excitation), and
e electron cyclotron resonance
(ECR) excitation, which uses
microwaves in a magnetic field.

E-~* experimental group tends to
like the techniques it has pioneered.
The Germans often use RG
cleaning, and some Japanese
employ ECR glow discharge
techniques. Simple high-voltage
glow discharges seem to be used
frequently in both the Soviet Union
and the United States. Low-power
tokamak shots are almost
universally used as a part of the
wall-conditioning process.

However sophisticated these
methods are, not all impurities will
be removed. Says Clausing: “The
most important result from our lab
and machine observations is that,
after initial removal of
contaminants by solvents and
baking and subsequent treatment
by glow discharge cleaning, at least
a monolayer of impurities will
inevitably remain. Generally, if we
try to remove the oxygen, we may
end up with a layer of carbon, often
in the form of carbides. If we try to
remove carbon, for example, we
may find oxygen or sulfur or
nitrogen on the wall surface. Clean
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Clausing tells a story about an
accident at JET in 1982 that led to
insights about the value of adding
methane to glow discharge plasmas
to improve cleaning. “When we
originally put methane in JET, it
was not our intention to deposit a
layer of carbon but simply to
provide enough methane to get rid
of oxygen and other impurities on
the surface, leaving a layer of
metallic carbides. Because of a
mistake or oversight, more methane
was admitted than had been
planned. As a result, the carbon
deposits on some parts of the
machine, including my sample, were
pretty thick. But the machine
worked much better than had been
anticipated. In fact, the first
plasmas not dominated by impurity
problems were obtained.

“By contrast, in an earlier
experiment in TEXTOR we put in
just a little methane at a time until
the oxygen content decreased and
carbides increased. As soon as we
saw substantial amounts of metal
carbides on the surface, we stopped
the methane injection. This
procedure gave good results but
didn’t remove other impurities to
the extent that thicker carbon films
did in JET.

“By the happy accident at JET,
we learned that by covering up
metal surfaces completely with a
carbon film, we can attain surface
conditions that allow the creation
of very good plasmas. We can later
remove the carbon with glow
discharge cleaning using hydrogen,
making methane in the process and
removing impurities at the same
time with the carbon film. Because
of this information, JET now
routinely uses the strong methane
treatment.”

Knowing that the Tokamak
Fusion Test Reactor (TFTR) at the
Princeton Plasma Physics
Laboratory has problems with
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Don Ferguson has received the
Glenn T. Seaborg Award, which
was presented by the organizers of
the 1985 Actinide Separations
Workshop. He was cited for his
“outstanding work in the field of
actinide element separations.” He
also has been named Outstanding
Engineer of the Year by Tennessee
Technological University.

Frank Plasil has been selected as
the recipient of a Senior U.S.
Scientist Award by the Alexander
von Humboldt Foundation of the
Federal Republic of Germany.

Steven E. Lindberg has received
the 1984 Scientific Achievement
Award of ORNL’s Environmental
Sciences Division.

C. T. Liu has been appointed to the
Awards Committee of the Materials
Research Society.

John McGowan has been selected
as the exhibit chairman for the
Pressure Vessel and Piping Division
Conferences for 1986, 1987, and 1988
of the American Society of
Mechanical Engineers.

Tony A. Gabriel has received an
award for professional excellence
from the Radiation Protection and
Shielding Division of the American
Nuclear Society. He was honored
for his contributions to the field of
radiation shielding.

Bruce Peterson, Frank
Southworth, Shih-Miao Chin, and
Richard Davis have received the
1985 Citation Award from the
Applied Geography Project Awards
Program of the Association of
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American Geographers. The award
cited the ORNL researchers’
development of the Convoy
Mobilization Automated Support
System, a convoy-routing model
that keeps track of 528,000 km
(330,000 miles) of roads for the U.S.
Army.

Bill R. Rodgers has been elected a
director of the Fuels and
Petrochemicals Division of the
American Institute of Chemical
Engineers.

Samuel H. Liu has been elected to
the Executive Committee of the
Division of Condensed Matter
Physics of the American Physical
Society.

Vivian Jacobs has been elected
secretary of the national Society for
Technical Communication (STC).
She was also elected first vice-
president of the East Tennessee
Chapter of STC. Jeanne Dole was
elected secretary of the local
organization.

Billy G. Eads has been named
Eminent Engineer by the Tennessee
Alpha Chapter of Tau Beta Pi, the
second-oldest honor society in the
United States.

In the 1984-85 International
Technical Publication Competition
sponsored by the Society for
Technical Communication, four
ORNL entries received awards.
They were “Use of Laser-Excited
Fluorescence To Measure Mixed-
Function Oxidase Activity,” Clinical
Chemistry, September 1983, by

B. Zane Egan, Norman E. Lee,
and Carl A. Burtis, award of
distinction in scholarly and

professional articles; Synthetic
Fossil Fuel Technologies (1984), by
Kenneth Cowser and Vivian
Jacobs, award of excellence in the
books category; Energy Division
Annual Progress Report for Period
Ending September 30, 1983 , by
William Fulkerson, the Energy
Division, and Janice M. Asher,
award of excellence in periodic
activity reports; “Characterization
of Hydrofracture Grouts for
Radionuclide Migration,” Advances
in Ceramics: Nuclear Waste
Management (1984), by David
Stinton, Earl W. McDaniel, and
Irene Brogden, award of
achievement in scholarly and
professional articles.

Tuan Vo-Dinh has received the
first annual Excellence in Research
Award of the Health and Safety
Research Division. He is leader of
the Advanced Monitoring
Development Group of that
division.

Martin Marietta Energy Systems,
Ine., honored its employees May 24,
1985, at the first annual dinner and
awards presentation program at the
Hyatt Regency Hotel in Knoxville.
Of the 144 awards, 75 were given to
ORNL employees. An additional 24
awards were given later to
publications authors from ORNL.
The inventor of the year was Brian
Sales; the scientist of the year was
Chain T. Liu; and the author of
the year was Peter Mazur, all
ORNL employees. These three plus
Phillip Thompson of ORNL are
among the seven Energy Systems
employees who received Jefferson
Cups from Martin Marietta
Corporation.

Eleven ORNL employees received
an Operational Performance
Award, which recognizes
outstanding, exemplary
performance in management,
business, personnel, manufacturing,
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iridium-191m to evaluate
cardiovascular defects and blood
flow in young patients; Herbert A.
Mook, Jr., for the design and
development of a high-intensity,
ultrasonically pulsed, time-of-flight
spectrometer that greatly increases
reactor-produced neutron intensity
for inelastic scattering research;
Lawrence W. Owen, for initial
magnetic field and single-particle
orbit calculations that established
the Elmo Bumpy Square fusion
plasma confinement concept as a
variant of the Elmo Bumpy Torus;
Thomas C. Quinby, for creative
efforts and numerous innovations,
over more than 20 years, in
preparing radioactive and stable
nuclides in useful forms for
research, development, and
engineering applications; Brian C.
Sales, for discovery of lead-iron
phosphate glass as a new, easily
prepared, highly leach-resistant
medium for safe and permanent
disposal of commercial and
defense-related high-level nuclear
wastes; James S. Wike, for
development of a process to produce
yttrium-90 (free of strontium-90) as
an internal radiation agent for
effective treatment of liver cancer
and other advanced cancer
therapies; and James M. Williams,
for developing an economic ion-
implantation treatment that
virtually eliminates wear and
corrosion as a clinical problem for
artificial hip- and knee-joint
prostheses made of a titanium
alloy.

ORNL employees received 58
Publication Awards, which
recognize superior employee
performance in the authorship of a
paper, technical article, or book
that represents a significant
advance in the author’s professional
field. Five employees received two
publication awards. The winners
were T. C. Awes, R. L. Ferguson,
F. E. Obenshain, F. Plasil, and
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G. R. Young, for “Energy Division
in Damped Reactions™; C. F.
Barnett, for “Particle Plasma
Diagnostics”; P. F. Becher, for
“Mechanical Reliability of Ceramic
Windows in High Frequency
Microwave Heating Devices. Part 2:
Mechanical Behaviour of the
Ceramics”; J. M. Begovich and
W. G. Sisson, for “A Rotating
Annular Chromatograph for
Continuous Separations”; M. V.
Buchanan and G. Olerich, for
“Differentiation of Polycyclic
Aromatic Hydrocarbons Using
Electron Capture Negative
Chemical Ionization”; R. H. Busey,
H. F. Holmes, and R. E. Mesmer,
for “The Enthalpy of Dilution of
Aqueous Sodium Chloride to 673 K
Using a New Heat-Flow and
Liquid-Flow Microcalorimeter:
Excess Thermodynamic Properties
and Their Pressure Coefficients”;
B. A. Carreras, H. R. Hicks,

J. A. Holmes, V. E. Lynch, and
G. H. Neilson, for “Zero Current
High-Beta Stellarator Equilibria
with Rotational Transform Profile
Control”; L. Dresner, for
“Superconductor Stability, 1983:

A Review”; W. R. Emanuel, G. G.
Killough, and W. M. Post, for
“Modeling Terrestrial Ecosystems
in the Global Carbon Cycle with
Shifts in Carbon Storage Capacity
Due to Land-Use Change”; J. M.
Giddings, P. J. Franco, R. M.
Cushman, L. A. Hook, and G. R.
Southworth, for “Effects of Chronic
Exposure to Coal-Derived Oil on
Freshwater Ecosystems: II.
Experimental Ponds”; R. Gwin,

R. R. Spencer, and R. W. Ingle,
for “Measurements of the Energy
Dependence of Prompt Neutron
Emission from 23U, 25U, %Py, and
#1py for E, = 0.005 to 10 eV
Relative to Emission from
Spontaneous Fission of #2Cf”; R. L.
Huddleston, for “An Improved
Multiaxial Creep-Rupture Strength
Criterion”™; R. C. Isler, for
“Impurities in Tokamaks”; D. W.

Johnson, for “Soil-Mediated Effects
of Atmospherically Deposited
Sulfur and Nitrogen”; T. D. Jones,
for “A Unifying Concept for
Carcinogenic Risk Assessments:
Comparison with Radiation-Induced
Leukemia in Mice and Men”; D. M.
Kroeger, J. O. Scarbrough, and
C. G. McKamey, for “Effects of
Short-Range Order on Electronic
Properties of Zr-Ni Glasses as Seen
from Low-Temperature Specific
Heat”; R. J. Lauf, T. B. Lindemer,
and R. L. Pearson, for “Out-of-
Reactor Studies of Fission
Product-Silicon Carbide
Interactions in High-Temperature
Gas-Cooled Reactor (HTGR) Fuel
Particles”; A. C. Marchok, S. F.
Huang, and D. H. Martin, for
“Selection of Carcinogen-Altered
Rat Tracheal Epithelial Cells
Preexposed to 7,12-dimethyl-
benz[aJanthracene by Their Loss of
a Need for Pyruvate to Survive in
Culture”; P. Mazur, for “Freezing
of Living Cells: Mechanisms and
Implications”; T.-H. Peng, for
“Ocean Life Cycles and the
Atmospheric CO, Content”;

F. Plasil, T. C. Awes, R. L.
Ferguson, F. E. Obenshain, and
G. R. Young, for “Angular-
Momentum-Dependent Fission
Barriers in the Rare-Earth Region”;
S. Raman and C. R. Vane, for
“Implications of Heavy-Ion-Induced
Satellite X-ray Emission™; B. C.
Sales and L. A. Boatner, for
“Lead-Iron Phosphate Glass:

A Stable Storage Medium for
High-L_. __ Nuclear Waste”;

T. Vo-Dinh, for Room Temperature
Phosphorimetry for Chemical
Analysis; and W. B. Whitten and
J. M. Ramsey, for “Self-Scanning
of a Dye Laser Due to Feedback
from a BaTiOg3 Phase-Conjugate
Reflector.”

Two ORNL employees received a
Community Service Award, which
recognizes outstanding and
noteworthy performance by Energy
Systems employees engaged in
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voluntary, uncompensated activities
(social, civic, or governmental) that
provide significant benefit to the
community. The winners were
Lorena F. Truett, for her
outstanding work with Girl Scouts,
Boy Scouts, the church, community
musical activities, and the 4-H Club
and James T. White, for 30 years
of devotion and leadership in
scouting activities that have helped
boys and young men become better
citizens of our community.

Twenty-three ORNL employees
received a Technical Achievement
Award, which recognizes the
excellence of employee
contributions of a scientific or
engineering nature to the activities
of Energy Systems. The winners
were William R. Busing, for
innovative use of computers to
determine crystal structures by
diffraction methods and for the
theoretical interpretation of such
structures; William D. Cain, for
development of a method to
accurately determine magnetic
fields induced by complexity-
deformed, three-dimensional
electrical conductors, leading to the
economical design of the helical coil
system of the Advanced Toroidal
Facility (ATF) device; Thomas A.
Carlson, for develc, ___:nt of
techniques using synchrotron
radiation to accurately determine
molecular structure and for the
establishment of ORNL as an
international center for
photoelectron spectroscopy; Steinar
J. Dale, for exceptional
contributions to research and
development of electrical insulation
and dielectric materials for use in
electrical utilities systems; Ward
W. Engle, Jr., for outstanding
contributions to the field of
radiation shielding, including
development and upgrading of the
rrldwide ANISN code; David L.
Greene, for continuing
contributions to understanding
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energy use and conservation in
transportation, ranging from
determining basic economic
parameters of gasoline demand to
energy planning for developing
countries; Frederick C. Hartman,
for establishing a genetic
engineering laboratory and
developing techniques to make new
mutations of the natural enzyme
used by photosynthetic plants to
convert atmospheric CO; into
sugars; Bennett C. Larson, for
pioneering research using
synchrotron radiation sources for
time-resolved X-ray diffraction
measurements and application of
the results to nonequilibrium
crystal growth; Leslie W. Little,
for outstanding contributions in
planning, coordinating, designing,
and constructing interfaces for the
mandated Y-12 treatment facilities
required to eliminate outdated
disposal practices; Chain T. Liu,
for exemplary contributions in the
field of ordered intermetallic alloys,
resulting in development of nickel
aluminides that maintain structural
integrity at high temperatures;
Vickie E. Lynch, for definitive
studies of magnetic confinement
fields and plasma equilibria,
leading to detailed designs for
several significant fusion energy
experim '8; Louis K. Mansur, for
leadership in theoretical modeling
and experimentation, resulting in a
comprehensive understanding of
the evolution of microstructure in
metals and alloys during neutron
irradiation; Alfred H. Narten, for
excellence of research leading to
the application of neutron and
X-ray scattering for obtaining
information on the atomic and
molecular structure of liquids and
solutions; S. Michael Ohr, for
introduction of a new electron
microscopy technique used to study
crack propagation in metals and for
development of a dislocation theory
of fracture; David K. Olsen, for
contributions to measurement and

analysis of the resonance ¢
section of uranium-238, res
significant contributions t«
development of fast breede
reactors; Y. M-—tin Peng,
significant contributions i1
field of plasma engineering
to substantial improvemen
reactor concepts such as tt
spherical torus; R. Julian
for advancement in assessi
biological risk to public he
especially for definitive res
chromosomal damage caus
radiation and toxic chemic
L. Ryan, for demonstratio
extreme flexibility and ver
in performing as principal
general mechanical engine
department superintenden:
technical expert in designi:
Large Coil Test Facility; D
L. Selby, for outstanding
contributions leading to
understanding and resoluti
pressurized-thermal-shock
issue for nuclear reactors,
in savings for the nuclear |
in the millions of dollars; 1
B. Thompson, for sustaine
contributions to the critica
energy experimental progr
including major contributi
the development of the La:
Test Facility; Terry N. Ti
¢~ “butions to the c_...0
siticon carbide whisker rei
ceramic composites, resulti
substantial increases in st1
and toughness at elevated
temperatures; John H. Wh
for contributions to the the
areas of plasma technology
divergence ion beams, aton
laser isotope separation, ar
power radio-frequency plas
heating; and John C. Whit
development of computer-c
measuring techniques to pr
castings with sufficient pre
meet the required toleranc
no further machining for t
Project, resulting in saving
$1 million.
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electrons in curium, berkelium, and
californium behave in a delocalized
fashion have been performed in a
collaborative study by researchers
from ORNL, -* University of
Tennessee (UT) in Knoxville, and
Karlsruhe, FRG.

The Transuranium Research
Laboratory (TRL) completes the
triad of transuranium facilities at
Oak Ridge. It adds a research
capability to the production
capabilities of HFIR-TRU. In
addition to having a program of its
own, TRL offers scientists at
American and foreign universities
and research institutes an
opportunity to participate in
transuranium research. On the
average, about half the researchers
in TRL are from universities.
Because of UT’s proximity to
ORNL, UT professors and students
are especially active and have built
ongoing programs of international
reputation at TRL. Emphasis is in
particular areas of inorganic
chemistry and solid-state physics.
Most of the work at TRL involves
curium and the heavier elements.

To support its university and
national laboratory programs, TRL
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has special facilities and equipment
for carrying out research on very
small amounts (micrograms) of the
highly radioactive transuranium
elements. These facilities include a
Knudsen cell-mass spectrometer for
high-temperature chemistry; X-ray
diffraction and Raman, infrared,
and ultraviolet-visible
spectrometers for structure and
bonding studies; inert atmosphere
gloved boxes for preparing metals
and compounds sensitive to air; and
magnetic susceptibility apparatuses
(Superconducting Quantum
Interference Devices, or SQUIDS)
for studies of metals and
compounds. Nuclear analyzers,
including an alpha particle liquid
scintillation detector, are also
available for detection purposes in
chemical experiments.
Furthermore, various micro-
computers and terminals wired to
mainframe computers form an
excellent base for computations and
analyses.

The transuranium-element
researcher has at any given time
several scientific areas that offer
opportunities for developing new
understanding of chemistry and
physics. No single laboratory or
country can have the equipment
and background expertise needed to
pursue all of these areas

economically and rapidly. As a
result, the transuranium area as a
whole can only be developed
efficiently on an international scale.
Over the years UT and ORNL
researchers at TRL have carried
out collaborative work with
scientists from the Federal
Republic of Germany, the United
Kingdom, France, Belgium, the
Soviet Union, and a number of
other countries. Depending on the
circumstances, the work may be
done at TRL or in the foreign
country. Collaborative work is also
carried out with other laboratories
in the United States (especially
Lawrence Berkeley, Lawrence
Livermore, and Los Alamos
national laboratories).

ORNL is the sole source in the
Western world of heavy elements
employed by the international
research community. In addition,
the Laboratory conducts much of
its own research on the chemistry
and physics of the transuranium
elements in collaboration with
scientists throughout the world.
These researchers have opened up a
number of new insights into the
chemical and physical universes
over the last 20 years. New
prospects promise at least an eanal
harvest over the next 20 years
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