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technologies developed at the
Laboratory can help the nation
reach its goals of adequate energy
supplies, economic competitive-
ness in world markets, environ-
mental protection, excellence in
science and engineering education,
elimination of drugs and terrorism,
and improved health care. Several
current research projects are good
examples.

Exploring new sources of en-
ergy has been part of our mission
since the 1970s. Our research on
fusion energy and on geothermal
energy extracted from hot dry rock
beneath the Earth’s surface is lay-
ing the foundation for essentially
inexhaustible and environmentally
benign sources of energy for the
future. We are also working with
the petroleum industry on several
methods to extract more oil from
already-developed fields.

Several strategic partnerships
with industry will allow us to
transfer the results of our unclassi-
fied scientific research into the
marketplace in a timely and cost-
effective manner. For example,
work spun off from our strategic
defense laser research could be the
key to enabling U.S. producers of
computer chips to recapture the
world market in the twenty-first
century. We envision a chip that
holds the computing power of a
supercomputer.

To clean up the environment,
the United States needs technolo-
gies that are cheaper and easier to
use than those now available. One
new technology is our portable
midget mass spectrometer that can
reduce the cost and time needed to
characterize pollutants in contami-
nated sites. An important new
research idea at Los Alamos, trans-
mutation of waste using an accel-
erator, promises to reduce the time
that radioactive defense wastes
must be stored from tens of thou-
sands to a few hundreds of years.
We propose using accelerator
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technology, with which we have
many decades of experience, to
transmute the radioactive waste
into less hazardous and shorter-
lived materials.

Los Alamos takes seriously its
role in inspiring future scientists
and engineers. Through a variety
of programs we involve more than
10,000 students and teachers in the
excitement of science each year.
Our newest program, called
SWOOPE (Students Watching
Over Our Planet Earth), teaches
both scientific techniques and
environmental monitoring skills.
Our hope is to “turn students on to
science” and to encourage a new
generation of skilled professionals.

Many of our technologies can
help in the effort to reduce and
eliminate drug traffic and terror-
ism. A new method of fingerprint
detection developed here is al-
ready being used by federal offi-
cials to catch and convict crimi-
nals. Other sensitive instrumenta-
tion can detect the types of explo-
sives that terrorists might use to
destroy airplanes. Computer mod-
els developed at Los Alamos can
help the U.S. Treasury Department
follow the money trail left by drug
dealers.

Our research also offers great
potential in the field of medicine
and human health care. We are
blazing the trail in the use of lasers
in noninvasive medical applica-
tions that include real-time diagno-
sis. These applications will im-
prove diagnoses and may help to
reduce the cost of medical care.
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Director’s Statement

Our studies on the AIDS virus
shed new light on its rapid spread
and mutations. Our work on the
genetic makeup of the human
body may someday help prevent
and perhaps cure many genetic
diseases.

To contribute in all these areas,
we draw on the people, the re-
sources, and the can-do attitude
that we developed as part of our
first wartime mission. Encouraged
by the University of California to
strive for excellence, we have
developed an environment that
fosters individual creativity, en-

~ courages vigorous debate, and

promotes teamwork to achieve
program objectives. We know how
to conduct large, complex projects
and deliver a product.

We will continue to use our
technical expertise and resources
to address pressing national chal-
lenges—both in the 1990s and for
the twenty-first century. While
maintaining the vigilance in de-
fense that protects the nation from
the unexpected, we will apply our
skills to meet national needs
within the broad concept of na-
tional security. Our purpose is to
put science to work to make a
positive difference in the world.
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National Security Programs

improvements in assuring nuclear
weapon safety. Advanced model-
ing techniques can also provide in-
sights into physics phenomena not
directly observable through experi-
ments. With the possibility of new
international agreements that will
further restrict underground test-
ing, computer simulations become
increasingly important.

Complementing our under-
ground testing and computer simu-
lation capability is an extensive
suite of experimental physics, diag-
nostics, and simulation resources,
which we call above-ground ex-
periments. They provide critical
information about specific pieces of
physics or performance in a labora-
tory environment. We gather as
much information as possible with
laboratory experiments and diag-
nostics to complement the data
gathered from expensive but neces-
sary underground nuclear tests.

As part of our nuclear weapons
research, we support the Strategic
Defense Initiative by investigating
potential concepts for nuclear di-
rected-energy weapons, including
lasers and hypervelocity projectiles.
Although the nation is committed
to systems based on nonnuclear
technologies for the initiative, ex-
ploring concepts for nuclear di-
rected-energy weapons offers in-
surance against technological sur-
prise from potential adversaries.

Our inertial confinement fusion
program complements our research
in weapons physics. The short-term
goal is to produce small-scale
thermonuclear reactions in the
laboratory similar to those that
occur on a large scale during the
detonation of a thermonuclear
weapon. A long-term goal is to
investigate the feasibility of using
fusion to generate electric power.
In 1990 our Aurora krypton
fluoride laser system completed its
initial operational phase, delivering
high-power light pulses to targets.
The Aurora system is undergoing
extensive characterization.

Nuclear weapons require special
materials. Some are expensive;
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some produce hazardous waste
during processing and fabrication.
Los Alamos carries out research,
development, and demonstration of
new technologies used in process-
ing nuclear materials and in manu-
facturing weapon components.
These efforts are supported by
programs in nuclear materials
measurements; materials manage-
ment, control, and accountability;
safety, radiation protection, waste
management, and minimization of
waste; and environmental protec-
tion and restoration.

Los Alamos is also actively in-
volved in the transfer of new tech-
nologies associated with nuclear
materials processing and fabrica-
tion to the nuclear weapons pro-
duction complex. For example, the
Laboratory maintains a Technology
Office at Rocky Flats. Los Alamos is
also providing its technical skills to
help the Department of Energy
design a modernized plant to fabri-
cate and process plutonium.

Our involvement is now being
extended to broader areas of the
nuclear weapons complex. In 1989
we established a Weapons Complex
Modernization Office, which has
spearheaded a Department of En-
ergy initiative that places priority
on environment, safety, and health
and that minimizes wastes through
changes in design and processes.

Los Alamos continues to be
actively engaged in verification of
arms control agreements. Since the
early 1960s we have designed and
built more than three hundred
space sensors, most for monitoring
nuclear testing treaties but many
specifically for space science
research.

At present, we are producing x-
ray detectors that are deployed on
satellites of the Global Positioning
System to detect nuclear detona-
tions in space. In addition, we have
under way a number of projects
that will extend our knowledge of
the harsh space environment and
allow us to improve our capability
for monitoring nuclear tests. A
plasma analyzer developed at Los

et

Alamos was deployed on Ulysses,
the satellite launched by the Na-
tional Aeronautics and Space
Administration in 1990. Ulysses
will provide vital information
about the solar environment.

Our extensive experience in
space research focuses most promi-
nently on the development of a
satellite system for detecting soft x-
rays. We see the first satellite, AL-
EXIS (Array of Low-Energy Imag-
ing Sensors), as the beginning of an
extensive research program in
space and verification.

Los Alamos continues to im-
prove the nation’s verification
capabilities in a host of other areas.
For example, we are improving our
capability to verify underground
nuclear tests on site, and we are
conducting considerable research in
the areas of radiation detection.

In 1989 we established the Arms
Control Office to coordinate all
arms control and related activities
of the Laboratory. The office directs
our programs in verification tech-
nology research and development;
serves as the Laboratory’s liaison
with the Department of Energy’s
Office of Arms Control; coordinates
our technical support to various
arms control treaty negotiations;
contributes to our efforts to safe-
guard special nuclear materials;
and supports the International
Atomic Energy Agency in its moni-
toring of the Nuclear Non-Prolif-
eration Treaty.

To carry out our primary mis-
sion of deterrence, we maintain
broad capabilities in nonnuclear
defense. These capabilities allow us
to contribute to national security in
such areas as conventional weap-
ons, directed-energy weapons, and
defensive lasers. Collaborating with
industry to assure that newly de-
veloped technologies reach the
military quickly is crucial to our
successful support of national
security.

Much of our work in technolo-
gies for conventional defense is
based on our expertise in high
explosives, materials, and large-
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scale computations. We have de-
veloped new and safer propellants,
better armor and armor-penetrat-
ing materials, high-power micro-
wave weapons, and low-cost guid-
ance and control systems. Using
new insights we have gained into
what makes explosives less likely
to explode accidentally, we can
synthesize new materials with
increased confidence.

We are demonstrating the use of
new heavy-metal alloys for im-
proved kinetic-energy penetrators.
A major goal is to develop materi-
als that eliminate or substantially
reduce the use of uranium so that
the environmental burden is re-
duced. An important part of our
research and development effort is
the Armor/Anti-Armor Program, a
collaborative effort with the De-
fense Advanced Research Projects
Agency, the U.5. Army, the U.S.
Marine Corps, and 130 corpora-
tions, laboratories, and universities.
A key element in this collaboration
is the Advanced Technology As-
sessment Center, created at Los
Alamos to take advantage of our
science and technology base. The
center serves as both a testing
center for prototypes and a scien-
tific resource for all participants.

To assist industries interested in
designing and manufacturing new
armor, we developed the three-
dimensional MESA hydrodynam-
ics code. We have transferred this
analytical tool to a number of U.S.
companies. We developed and
operated successfully a new diag-
nostic system called cineradiogra-
phy that uses x-rays and electronic
cameras to obtain time-lapse pho-
tographs of the interaction of pene-
trators and targets.

Los Alamos research in con-
ventional defense also includes
developing computer codes and
software for battlefield simulations
and for mission planning and re-
hearsal systems, as well as for
command, control, and communi-
cations systems. We are helping to
develop a quick-running, macro-
level computer program for analyz-
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ing regional deployment of U.S.
forces. We are also developing a
distributed network of worksta-
tions for the Joint NATO Warrior
Preparation Center. This year we
continued to work with the U.S.
Army to complete the combat
simulation called Eagle.

Terrorism, drugs, and regional
wars rather than worldwide wars
may be the major threats of the
1990s. Los Alamos has strong ex-
pertise in technologies to counter
low-intensity conflicts. We are de-
veloping instruments for detecting
explosives and nerve gases. We are
refining the broad class of nonlethal
weapons, such as microwave and
optical munitions, that can disable
without loss of life. To assist in the
war against drugs, we are working
with the U.S. Treasury Department
to develop a statistical tool that will
identify illegal money-laundering
in the banking system.

In our work on directed-energy
weapons, we continue to investi-
gate the use of neutral particle
beams (NPBs) for space defense. A
major next step in the program is to
develop NPB technology in an inte-
grated testing system called the
Ground Test Accelerator (GTA), a
project that successfully pairs the
Laboratory with the Grumman
Aerospace Corporation. We will
use the GTA, scheduled to become
operational in 1992, to turn new de-
velopments into engineering proto-
types and to test both the individ-
ual components and the prototype
as an integrated system.

In our research program on de-
fensive lasers, we are developing a
variety of systems. They range from
powerful free-electron lasers (FELs)
usable for missile defense, to
unique compact lasers capable of
penetrating seawater, to advanced
short-wavelength lasers that may
make possible the large-scale pro-
duction of integrated circuits.

Los Alamos has operated an FEL
since 1981. Among our contribu-
tions to FEL technology are the
abilities to tune the wavelength of
the laser, to scale the power to the

National Security Programs

needed level, to generate very
bright beams, to recover energy
from the laser, and to produce and
analyze diagnostics for bright elec-
tron beams.

Our advances in FEL technol-
ogy enable us to address the next
major advance in large-scale pro-
duction of integrated circuits. By
using an FEL to generate ex-
tremely short wavelength light, we
expect to develop an efficient way
to produce semiconductor chips
that will carry one thousand times
more information than current
chips do. We believe that this ex-
tension of FEL technology will
give the nation a strong competi-
tive advantage in the global mar-
ket for chips for both commercial
and military products.

Los Alamos is developing laser
systems that address tactical mili-
tary requirements. Novel compact
lasers driven by small quantities of
explosives—called battlefield opti-
cal munitions—fit existing military
weapons and are applicable to
several potential battlefield prob-
lems. We have successfully dem-
onstrated a solid-state laser with
blue-green color, which may have
applications in submarine commu-
nications and underwater radar.
We expect to develop compact and
efficient light sources that pene-
trate seawater and can be de-
ployed on surface vessels, subma-
rines, aircraft, satellites, or other
unmanned vehicles.

We expect nonnuclear defense
programs to grow in importance
as the world community turns in-
creasingly toward arms control
and further limits nuclear weap-
ons. Current events in Europe and
the ongoing problems in the
Middle East reinforce this expecta-
tion. Through a wide variety of ac-
tivities, from nuclear weapons
design to treaty verification, we
continued in 1990 to address na-
tional security problems.
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continue to make significant prog-
ress toward improving the codes
needed by weapon designers to
investigate complex nuclear
weapon safety issues. New code
capabilities in turn lead to more
advanced experiments and in-
creased understanding of safety
issues—and, therefore, to a safer
nuclear weapon stockpile. In
particular, the recent development
of three-dimensional computer
codes has enabled designers to
model much more sophisticated
scenarios involving the accidental
or unauthorized detonation of
nuclear weapons than had previ-
ously been possible. The resulting
modifications in the conventional
wisdom concerning safety have
stimulated experiments to validate
new concepts and confirm stock-
pile safety. These experiments
have in turn stimulated the devel-
opment and refinement of the
computer codes. ‘

Using three-dimensional codes
places huge demands on the speed
and memory of modern comput-
ers. To improve speed, code de-
velopers at Los Alamos have re-
fined the efficiency of nuclear
weapon design codes running on
the large, fast CRAY supercomput-
ers that currently form the back-
bone of Los Alamos computing
power. The latest additions to this
inventory, the CRAY YMP 8-
128s—machines with 8 parallel
processors and 128 megabytes of
memory—have made it possible
for the first time for designers to
use the new three-dimensional
codes effectively. Research is also
under way to investigate the feasi-
bility of adapting numerical algo-
rithms—computational proce-
dures—to run on the Laboratory’s
two massively parallel Connection
Machine CM-2s, each of which has
65,536 processors and 2 trillion
bytes of memory.

In theory, if a computer code
could be devised to contain all the
physics necessary to describe the
processes that occur during the
explosion of a nuclear device,

Research Highlights 1990

along with the numerical algo-
rithms to solve exactly the equa-
tions describing that physics, and
if a computer large enough and
fast enough to solve the equations
were available, then design physi-
cists, laboratory experiments, and
field tests would be superfluous.
However, computers are finite in
both memory capacity and execu-
tion speed. Thus, any computer
code contains inherent limitations
as to the size of the problem, the
accuracy of the solution, the type
of numerical algorithm to be ap-
plied, and the complexity of the
physics involved. Both design
physicists and experiments will be
needed for the foreseeable future.

For a new nuclear weapon
design, physicists attempt to sat-
isfy performance requirements by
modeling different configurations
of weapon components in series of
numerical simulations to optimize
the performance of the device
under planned operating condi-
tions. In order to make safety
assessments, however, designers
must have tools to predict as accu-
rately as possible what would
happen if the device were acciden-
tally detonated or detonated by
unauthorized means. Relying on
their experience, they approximate
unknown physical data and com-
pensate for a number of other
shortcomings in their knowledge.
Ultimately, using such a process
complemented by benchmark
experiments, they assess the safety
performance of a particular nu-
clear weapon under the wide
variety of conditions to which it
might be exposed when it is placed
in the weapons stockpile.

Frequently, designers discover
through experiment that their
predictions are not as accurate as
necessary to make safety assess-
ments—especially when the de-
signers are developing a totally
new type of device or are other-
wise operating in areas in which
they have limited experience.

National Security Programs

Careful analysis of experimental
results that deviate from predic-
tions often leads to insight into the
operation of the device. Some-
times this insight leads to the up-
grading of the physics approxima-
tions or numerical algorithms
already in the code or to the addi-
tion of new types of physics to the
codes; often it remains as a bit of
experience that designers keep in
mind when assessing nuclear
weapon performance and safety or
approximating parameters for a
new weapon configuration. Fre-
quently, unexpected results sug-
gest new avenues of investigation
that lead to further testing or to
new objectives in code
development.

Safety is a key factor at each
stage in the development of a
nuclear weapon and continues
through the years the weapon
remains in the stockpile. From
special insensitive high explosives
that control the initiation of the
nuclear reaction, to fire-resistant
containers that preclude accidental
dispersal of nuclear materials, to
detonation systems that contain
special safety design features,
modern nuclear weapons incorpo-
rate increasingly effective and
reliable safety features. This year’s
achievements in implementing
more complex and detailed nu-
merical models and taking advan-
tage of the new, faster computers
with greater memory capacity
have led to better ties to experi-
mental data verifying the efficacy
of safety features and to greater
confidence in our ability to assure
the nuclear safety of the stockpile.
Continued Los Alamos investment
in new code development and
advanced computing hardware
will lead to designs that provide
even greater assurance of nuclear
weapon safety in the future.
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Basic Research

Field Screening

Laboratory Screening

Site Preparation

No advantage/disadvantage

No advantage/disadvantage

Instrumentation Costs

Potential advantage once
instruments commercialized

Can be cheaper,
commercially available now

Sample Transportation Cost | Advantage Disadvantage
No removal Removal and documentation
Sample Analysis Costs Advantage Disadvantage

Specific analyses most likely directed
toward a single group (type) of contaminants.

Can address more types of contaminants
but subject to general overhead costs
(building maintenance, etc.).

Sample Disposal
(postanalysis)

Advantage
No removal, no disposal

Disadvantage

Personnel Safety

Advantage

Samples not removed. No transit, no disposal.
Can be used to monitor for unexpected
hazardous chemicals during restoration.

Disadvantage

Personnel Training

No advantage/disadvantage

No advantage/disadvantage

Equipment Installation

Disadvantage
Transportation of equipment to and set up
at site

No advantage/disadvantage
Included as overhead analysis costs

Instrumentation
Decontamination

No advantage/disadvantage

No advantage/disadvantage

Qualitative comparison of field and laboratory methods for screening hazardous waste sites.

(documentation represents a sub-
stantial percentage of the cost). Use
of this instrument can reduce the
number of samples that are sent to
an EPA-certified laboratory by
screening out those samples that
contain insignificant amounts of
chemical contamination. Also the
immediate feedback identifying
the chemicals present at the site
will reduce potential hazard to
workers.

Even though the Department of
Energy uses only a few volatile
organic solvents, the characteriza-
tion of volatile organic chemicals
at waste sites is a significant envi-
ronmental problem within the De-
partment of Energy complex. Such
chemicals are common industrial
solvents used for cleaning machin-
ery. The detection and analysis of
these chemicals were the focus of
our work. Another example for the
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use of the instrument is the analy-
sis of fuel spills, such as those
involving aviation fuels. If the lo-
cation of the spill is known, the
transportable mass spectrometer
could be used to trace the distribu-
tion of the spill to see if it endan-
gers a water supply.

As useful as this mass spec-
trometer seems, it is not the total
solution for site characterization.
Some classes of organic com-
pounds, such as PCBs (polychlori-
nated biphenyls), pesticides, and
herbicides, will require new tech-
nology, but with appropriate
modification, this instrument can
analyze these classes of com-
pounds. Los Alamos is also devel-
oping new technology for analyz-
ing inorganic compounds, heavy
metals, and radioactive elements.

Before any new technology can
be used, however, it must be dem-
onstrated and approved by the
EPA; to date the EPA has ap-
proved very few field techniques.
The Idaho National Engineering
Laboratory has submitted a pro-
posal to do a side-by-side compari-
son of field-screening techniques
and laboratory methods under
EPA protocols. We plan to submit
our field spectrometer for this
independent evaluation.

After the evaluation, Los
Alamos plans to transfer the de-
sign and technology to industry
and government agencies so they
can clean up waste sites in a more
timely and cost-effective manner.
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Basic Research
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The top graph in the example shows small-angle neutron scattering measurements obtained from solutions of lecithins and bile salts that
are important to liver function and digestion. The raw data reveal little information about the atomic structures scattering the neutrons. A
maximum-entropy analysis of these data, using prior knowledge that the particles scattering the neutrons are cylindrical and further using
the known distortion of the measuring device, provided the distribution of the particle sizes shown in the bottom graph—important

information for analyzing the data.

used the method to extract infor-
mation about condensed matter
from data obtained by neutron
scattering experiments and from
Monte Carlo computer simulations
of strongly interacting electrons in
metals.

Neutron scattering is a powerful
technique for investigating the
structure of matter at an atomic
level. At the Manuel Lujan, Jr.
Neutron Scattering Center
(LANSCE), neutrons scatter from
material samples in a pattern
known as the neutron scattering
law. The instrumentation at
LANSCE measures the neutron
scattering laws for a wide variety
of materials. However, the view of
the scattering law provided by
such data is distorted by measure-
ment error, called the instrument
response function, that is analo-
gous to the blurring of a photo-
graph. Applying maximum-
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entropy methods to such data can
remove this distortion to reveal the
atomic structure responsible for the
scattering pattern.

The maximume-entropy method
has the potential to dramatically
enhance the power of LANSCE. In
addition, the method is extremely
cost-effective because it reduces the
amount of time the equipment must
operate to obtain useful measure-
ments. Our past successes at LAN-
SCE have led us to begin develop-
ment of new instruments that are
designed to make optimal use of
the maximum-entropy method.

We have also applied the maxi-
mum-entropy method to problems
in theoretical physics. Characteriza-
tion of strongly interacting elec-
trons in metals, such as those occur-
ring in the phenomenon of super-
conductivity, or zero resistance at
low temperatures, is an area of
intense research and practical

importance. Methods used in
Monte Carlo computer simulations
can provide information about the
static properties of such systems,
but reliable simulation methods
for calculating dynamic properties
such as resistance have eluded
scientists for years. Recently we
combined Monte Carlo and maxi-
mum-entropy methods to develop
an accurate simulation method for
dynamic properties.

The maximum-entropy method,
as a general approach that incorpo-
rates prior knowledge into the
analysis of experimental data, can
help researchers confronted with
data that are noisy, incomplete, or
subject to distortions inherent to
the measurement process. Because
almost all scientific research has
these problems, maximum-entropy
methods will be a valuable re-
search tool to scientists at the
Laboratory and around the world.
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DNA can insert itself into human
chromosomal DNA, leading to
lifelong infection. The viral process
of reverse transcription is so error-
prone that each HIV-infected indi-
vidual typically carries many vari-
ants of the original infecting virus.

A major concern about HIVs is
the rapid mutation rate, which is
millions of times faster than that of
human chromosomal DNA. For
instance, samples of HIV-1 from
North American patients can vary
genetically by as much as 30 per-
cent. The influenza virus is well
known for its high rate of genetic
change; however, variants of flu
virus compete vigorously with one
another, whereas HIV variants do
not. Thus new vaccines can be
developed to keep pace with the
perennially changing but essen-
tially steady-state evolution of the
flu virus. The lack of strong selec-
tion pressure among HIVs,
coupled with the high rate of mu-
tation, raises a disturbing possibil-
ity: not only may a single anti-
body test fail to detect a certain
AIDS virus, but also more than one
vaccine may be needed.

Is HIV variation intractable?
Will vaccines and antiviral drugs
be forever out of reach? Accumu-
lating diverse HIV nucleotide and
amino acid sequences over the past
five years has provided a valuable
catalogue of invariant viral struc-
tures. Thus from a scientific point
of view, the rapid mutation of the
AIDS viruses has been instructive:
we know much more about the ge-
netic and protein structures of HIV
than about those of the polio vi-
rus, for example, although polio
has been under study for a much
longer time. We might say that
HIV has revealed itself all the
more quickly as a consequence of
its mutational properties.

Recently, we have been study-
ing variable genetic sequences of

HIV thought to encode protein
structures of immunological and
pathogenic significance, such as
the V3 protein structure mentioned
earlier. We are asking whether a
heterogeneous set of genetic se-
quences (primary structures),
despite the diversity, might never-
theless encode only a limited num-
ber of three-dimensional protein
products (tertiary structures).
Through an appropriate computer
algorithm, sequences are trans-
lated into secondary structures
expressed in terms of four parame-
ters. Thus a tentative structural de-
scription with a four-letter alpha-
bet becomes possible. Further re-
finement of the translated se-
quence through computer model-
ing of the three-dimensional pro-
tein structure yields a revised
tertiary structural statement that
can be handled like the original
DNA or protein sequences. By this
approach, we hope to be able to
classify viral types not simply by
their genetic codes but by their
functional proteins.

The CDC has reported that
through August 1990, 146,746
cases of AIDS had been reported in
the United States, with 89,761
deaths among those patients. The
World Health Organization is pre-
dicting 35 million cases of AIDS
worldwide by the year 2000. Those
figures, combined with the infec-
tious nature of AIDS, illustrate the
gravity of the problem.
Molecular analyses of

Basic Research

researchers understand AIDS and
how it might be controlled in the
future.

“Bushy” evolution of HIV (top) in contrast
to the “slender” evolution of flu virus
(bottom).
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Complex patterns formed in thermal-convection
experiments are good examples of nonlinear pattern
formation, a major topic at the conference on nonlinear science.
The effects of rotation, an important element of circulation in the
atmosphere and oceans, are seen in the differences between the
nonrotating case on the left and the rotating one on the right.

Developments must include new
user interfaces, high-speed net-
working, graphics, and visualiza-
tion. Future computer users may
sit at their desktop computers and,
without knowing it, their work
may be parceled out to main-
frames, or they may access data
bases around the globe.

When the third “frontier” con-
ference convenes in a few years,
the vision of a seamless, compre-
hensive computing environment
may be a reality. The challenge
now is to focus the energies of gov-
ernment, industry, national labora-
tories, and universities to accom-
plish this task.

NONLINEAR SCIENCE

For the past decade, the Center
for Nonlinear Studies at Los
Alamos National Laboratory has
hosted an annual international
conference on some aspect of non-
linear phenomena. Typically at-
tended by more than two hundred
researchers, these meetings have
proved to be watersheds in the
rapid development of the interdis-
ciplinary area of nonlinear science.
Topics covered in early confer-
ences included order in chaos, and
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evolution, games, and learning.
The published proceedings of
these conferences have been influ-
ential in determining new direc-
tions for research.

Under the forward-pointing
title of “Nonlinear Science: The
Next Decade,” the tenth annual
conference was convened at Los
Alamos in May 1990. The Applied
Mathematical Science Program at
the Department of Energy spon-
sored the conference. The aim of
the meeting was to survey the
remarkable progress of the past
decade in understanding nonlinear
phenomena and to chart the course
for research for the coming decade.
Discussions focused on four gen-
eral areas of nonlinear science:
nonlinear dynamics; coherent
structures; pattern formation,
selection, and competition; and,
finally, adaptation, evolution, and
complexity. Two outstanding
presentations were those of

Stephen Smale, professor

at the University of California,
Berkeley, and recipient of the
Fields Medal, on the most chal-
lenging open problems in nonlin-
ear dynamics and of Professor
Vladimir Zakharov, senior mem-
ber of the Landau Institute in
Moscow, on the seemingly contra-
dictory concept of “integrable
turbulence.”

Beyond the formal presenta-
tions, the active individual discus-
sions and interactions reflected the
excitement surrounding the pros-
pects for nonlinear science. All the
participants agreed that the com-
ing decade holds the promise for
even greater insights into inher-
ently nonlinear phenomena, some
of which will be reflected in the
eleventh annual conference on the
topic of “Computational Issues in
Nonlinear Science.”
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Finances

Funds to operate Los Alamos
National Laboratory come from
the U.S. Department of Energy,
from other federal agencies, and
from other public and private
organizations. These funds sup-
port a broad range of scientific and
engineering research that reflects
current national policies. As na-
tional priorities change, the Labo-
ratory and research sponsors ad-
just the budgetary allocations for
specific programs. Changes in
funding for Laboratory programs
in fiscal years 1989 to 1991 reflect
our continuing response to these
changing priorities.

The Department of Energy,
directly and through its contrac-
tors, provided 68 percent of our
operating funds in fiscal year 1990,
financing a variety of Laboratory
programs in defense, energy re-
search, nuclear technology, and

OPERATING FUNDS

related areas. This year, the De-
partment of Energy contractors we
supported included Argonne
National Laboratory, Hanford
Engineering Development Labora-
tory, Idaho National Engineering
Laboratory, Oak Ridge National
Laboratory, and Rocky Flats Plant.

Other federal agencies, includ-
ing the Department of Defense, the
Nuclear Regulatory Commission,
the National Institutes of Health,
and the National Aeronautics and
Space Administration, provided
23 percent of our operating funds
in fiscal year 1990. They financed a
number of specific research
projects related to their areas of
responsibility.

In addition to operating funds,
the Department of Energy pro-
vided funds for capital equipment
and construction. We used funds
allocated for capital equipment to

purchase instruments, computers,
and other major research tools.
Construction funds were ear-
marked for research laboratories
and other major resources.

The operating budget for 1990
increased less than 4 percent over
that for 1989. The percentages of
major categories remained fairly
constant. The portion of the
Laboratory’s budget represented
by Department of Energy defense
programs increased slightly. De-
partment of Defense reimbursables
declined from $227 million in 1989
to $202 million in 1990.

During the same period, De-
partment of Energy support for
energy programs increased from
$175 million to $196 million, but
the percentage of the Laboratory
budget represented by these pro-
grams rose only slightly. The por-
tion of the funding from other
reimbursables also rose slightly.

As might be expected in a re-
search institution such as Los
Alamos, the Laboratory’s major
expense is salaries and fringe
benefits. In fiscal year 1990 we
paid nearly 45 percent of our total

(in millions of dollars) 0 50 100 150 200 250 300 350 400 450 500 550
DOE/Defense FY 1989 53%
Programs FY 1990 54%
FY 1991 54%
DoD and FY 1989 25%
other defense FY 1990 21%
reimbursables FY 1991 21%
DOE/Energy  FY 1989 19%
Programs FY 1990 21%
FY 1991 21%
Other FY 1989 s 3%
reimbursables FY 1990 s 4%
FY 1991 e 4%
Total FY 1989 $917
FY 1990 $a50
FY 1991 $928

Dollars shown for FY 1989 and FY 1990 are actual costs. Those shown for FY 1991 are estimates prepared in November 1990 and are
subject to national budgetary concerns. The percentages refer to percentage of total Laboratory budget.
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