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The Defensive Technologies Study Team identified a research and
development program to allow knowledgeable decisions on whether,
several years from now, to begin an engineering validation phase that,
in turn, could lead to an effective defensive capability in the 21st
century. Similarly, intermediate deployments could be feasible that
would provide meaningful levels of defense, especially against
constrained threats.

The Defensive Technologies Study concluded that

e powerful new technologies are becoming available that justify a
major technology development effort offering future technical
options to implement a defensive strategy;

o focused development of technologies for a comprehensive
ballistic missile defense will require strong central management;

® the most effective systems have multiple layers, or tiers;

e survivability of the system components is a critical issue whose
resolution requires a combination of technologies and tactics
that remain to be worked out;

e significant demonstrations of developing technologies for critical
ballistic missile defense functions can be performed over the next
ten years that will provide visible evidence of progress in de-
veloping the technical capabilities required of an effective
in-depth defense system.

ADVANCES IN DEFENSIVE TECHNOLOGIES

The ballistic missile threat has increased significantly over the past
twenty years, so an appropriate question is: “What has happened to
justify another evaluation of ballistic missile defense as a basis fora
major change in strategy?”” Advances in defensive technologies
warrant such a reevaluation.

Two decades ago there were no reliable approaches to the problem
of boost-phase intercept; however, multiple approaches now exist
based on directed energy concepts such as particle beams and lasers
and kinetic-energy target destruction mechanisms.

Intercept in midcourse was difficult twenty years ago because of no
credible concepts for decoy discrimination, the intercept cost, and the
collateral effects of nuclear weapons used for the interceptor
warheads. Today, multispectral sensing of discriminants with laser
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imaging and millimeter-wave radar, birth-to-death tracking, and
direct-impact projectiles that have promise as inexpensive intercep-
tors appear to eliminate the difficulties of midcourse intercept.

In the 1960s an inability to discriminate penetration aids at high
altitudes and limited interceptor performance resulted in very small
defended areas for each terminal site and required an unacceptably
high number of interceptors for effective defense. Now, technological
advances may offer ways to discriminate among incoming objects and
to allow intercepts at high altitudes. When these improvements are
coupled with the potential for boost-phase and midcourse intercepts
to disrupt pattern attacks, the effectiveness of terminal defenses is
significantly increased.

Likewise, 1960s technology in computer hardware and software
and signal processing was incapable of supporting battie management
of the multitiered defense. Because of technological advances, the
needed command, control, and communications facilities in all
likelihood will be realized.

Several new technologies and concepts emerged from the work of
the Defensive Technologies Study Team that, considered with those
already well known, illustrate how far defensive technology has
progressed over the past two decades. For example, throughout the
phases of a ballistic missile trajectory, there are many observables,
and by using both active and passive sensors, a selection of them can
be measured. That is, it is likely that discrimination can be done
between a warhead and a decoy or debris as threatening objects
proceed toward their targets. An active sensor works on the same
principle as radar; a passive sensor relies on radiation emanating from
the target. Some possible technologies the study identified for
surveillance, acquisition, and tracking were active techniques such as
thermal response of a target to a continuous-wave laser and passive
techniques such as imaging with infrared sensors. Although any one
sensor can be defeated, it is very difficult to defeat several operating
simultaneously.

The study also identified several concepts for the intercept and
destruction of targets. Kinetic-energy, or impact, devices include
exoatmospheric and high endoatmospheric, nonnuclear, rocket-
propelled projectiles and hypervelocity guns. Directed energy
concepts with significant potential include ground- or space-based
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particle beams. Also identified were potential concepts for enhanced
battle management and command, control, and communications as
well as several different ways to ensure space systems survivability.

THE THREAT

Various potential threats were considered, ranging from an attack
with fewer than 100 ballistic missiles and a few hundred warheads to a
simultaneous launch attack with more than 3,000 missiles and over
30,000 warheads. The Study Team selected a defense-in-depth
approach because of the stress imposed by a maximum,
unconstrained ballistic missile offense. The critical technologies
‘highlighted later are best understood in the context of this
threat.

PROGRAM MANAGEMENT

The study concluded that a high priority should be placed on
central management of the research and development program and
there should be streamlined budgeting and contracting and effective
security.

THE BALLISTIC MISSILE DEFENSE ENVIRONMENT

The four phases of a typical ballistic missile trajectory are shown in
Figure 1. First, there is a boost phase when the first- and second-stage
engines are burning and offering intense, highly specific observables.
A post-boost, or bus deployment, phase occurs next, during which
multiple warheads and penetration aids are released from a post-
boost vehicle. Then, there is a midcourse phase when warheads and
penetration aids travel on ballistic trajectories above the atmosphere.
Finally, there is a terminal phase in which the warheads and
penetration aids reenter the atmosphere and are affected by
atmospheric drag.

A ballistic missile defense capable of engaging the target all along its
flight path must perform certain key functions:

e Rapid andreliable warning of an attack and initiation of the
engagement. This requires global, full-time surveillance of
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ballistic missile launch areas to detect an attack and define its
destination and intensity, determine likely targeted areas, and
provide data for hand-off to boost-phase intercept and post-boost
vehicle tracking systems.

o Efficient intercept and destruction of the booster and post-boost
vehicle. The defense must be capable of dealing with attacks
ranging from a few tens of missiles to a massive, simultaneous
launch. In attacking post-boost vehicles, the defense prefers to
attack as early as possible to minimize the number of penetration
aids deployed.

o Efficient discrimination through bulk filtering of lightweight
penetration aids. The price to the offense in mass, volume, and
investment for credible decoys should be high.

¢ Enduring birth-to-death tracking of all threatening objects. This
enables unambiguous hand-over, with few errors, of reentry
vehicles to designated interceptors.

o Low-cost target intercept and destruction in midcourse. There
should be recognition of the assigned target in the midst of a large
array of penetration aids and debris. The cost to the defense for
interceptors should be less than the cost to the offense for
warheads. )

o High endoatmospheric terminal intercept and destruction. This
involves relatively short-range intercept of each reentering
warhead.

® Battle management, communications, and data processing.
These elements coordinate the system components for
effectiveness and economy of force.

\

It is generally accepted, on the basis of many years of ballistic
missile defense studies and associated experiments, that an efficient
defense against a high-level threat would be a multitiered defense-in-
depth requiring all the capabilities listed above. For each tier there
will be leakage, that is, threatening objects that have not been inter-
cepted and hence move on to the next phase. For example, three tiers,
each of which allows 10 percent leakage, yielding an overall leakage of
0.1 percent, are likely to be less costly than a single layer that is 99.9
percent effective. In addition, a multitiered defense is the optimum
counter to structured attacks; any given offense response affects only
one phase.

The defended area of a terminal-defense interceptor is determined,
working backward in a ballistic missile trajectory, by how fast the
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Space-based, passive, infrared sensors could provide a way to meet
these requirements. They could permit long-range detection of cold
bodies against the space background, rejection of simple lightweight
objects, and birth-to-death tracking of designated objects. Laser
trackers could provide imaging to determine if targets had been
destroyed and precision tracking of objects as they continue through
midcourse. As the objects proceed along their trajectories, data on
them are handed off from sensor to sensor and track files on threaten-
ing objects are progressively improved.

The terminal phase is the final line of defense. The tasks of
surveillance are to acquire and sort all objects that have leaked
through early defense layers and to identify the remaining reentry
vehicles. Such actions will, where possible, be based on hand-overs
from the midcourse engagement. Objects include reentry vehicles
shot at but not destroyed, reentry vehicles never detected, and decoys
and other objects that were neither discriminated nor destroyed.
These credible objects must be handed off to terminal-phase
interceptors.

An innovative concept for the terminal phase is the airborne
optical adjunct—a long-endurance platform that would be put into
position on warning of attack—that would detect arriving reentry
vehicles using infrared sensors, as those space-based sensors had done
in midcourse, tracking those that were not previously selected. The
airborne sensors would also provide the data necessary for additional
discrimination. They could acquire and track objects in late exoat-
mospheric flight and observe interactions with the atmosphere from
the beginning of reentry. Then, a laser or radar would precisely
measure the position of each object and refine its track just before
committing the interceptors.

INTERCEPT AND TARGET DESTRUCTION

A variety of mechanisms, including directed energy, can destroy a
target at any point along its trajectory. The study identified several
promising ones. An excimer laser, for example, can be configured to
produce a single giant pulse that delivers a resulting shock wave to a
target. The shock causes structural collapse. A continuous-wave or
repetitively pulsed laser delivers radiant thermal energy to the target.
Contact is maintained until a hole is burned through the target or the
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temperature of the entire target is raised to a damaging level. Exam-
ples included in this category are free-electron lasers, chemical lasers
(hydrogen fluoride or deuterium fluoride), and repetitively pulsed
excimer lasers. Another way to destroy a target is with a neutral-
particle beam, which deposits sufficient energy within a target to
destroy its internal components. Guns and missiles destroy their
targets through kinetic-energy impact. Here, homing projectiles are
propelled by chemical rockets or by hypervelocity guns, such as the
electromagnetic gun based on the idea of an open solenoid.

Figures 2, 3, and 4 show ballistic missile defense during boost,
midcourse, and terminal phases.

BATTLE MANAGEMENT

The purpose of battle management is to optimize the use of defense
resources—it is a data-processing and communication system that
includes the command, control, and communication facilities. Its
tasks are situation monitoring, resource accounting, resource
allocation, and reporting.

A layered battle-management system would correspond to the
different layers of the ballistic missile defense system, with each layer
being semiautonomous with its own processing resources, rules of
engagement, sensor inputs, and weapons. During an engagement, data
would be handed over from one phase to the next. Its exact architec-
ture would be highly dependent on the mix of sensors and weapons
and the geographical scope of the defensive system that it manages.

Sensors survey the field of battle, and their raw data are filtered to
reduce the volume. Later processes organize these data according to
the size of the object; information specific enough to determine its
orbital parameters and positions as a function of time; and a listing of
other data that bear on the identity, classification, and threat status of
the object being tracked. In principle, all objects in the field of view of
the sensors are candidates, and all objects that cannot readily be
rejected as nonthreatening will appear in the file, which is the
representation of the total battle situation.

The resources of the defense system include the sensors and
weapons, the data-processing and communication gear, and the plat-
forms or stations on which these and other components reside.




The allocation of defense system resources, both sensor and
weapon, is a dynamic process that must be repeated with each
significant change in the situation. Sensors must be assigned to sectors
or to targets of interest at appropriate times to acquire necessary data,
and weapons must be assigned to targets within a framework im-
plemented by rules of engagement. An optimum allocation of re-
sources involves extrapolating the present situation into the future
and selecting a course of action that optimizes some quantity, for
example, the number of targets destroyed. In each phase there are
options available to the commander depending on the nature of the
threat. The options also differ because events happen within different
time frames.

Ultimately, data must be distributed to authorities external to the
defense system to infer or sense the development of hostilities,
determine a defense condition level and take appropriate actions with
respect to weapons release, assist in inferring the attacker’s intent, and
evaluate the effectiveness of the defense and anticipate damage.

Developing hardware will not be as difficult as developing
appropriate software. Very large (order of 10 million lines of code)
software that operates reliably, safely, and predictably will have to be
deployed. Fault-tolerant, high-performance computing will be
necessary. It must be maintenance-free for ten years, radiation-
hardened, able to withstand single-event upset, and designed to
degrade gracefully. The main problem of network communication is
managing networks of space-, air-, and ground-based resources. Other
problems are real-time protocols and dynamic reconfiguration. In
addition, specific ballistic missile defense algorithms, for example,
target assignment, as well as a simulation environment for evaluating
architectures will have to be developed.

SURVIVABILITY

Survivability is potentially a serious problem for the space-based
components. The most likely threats to the components of a defense
system are direct-ascent anti-satellite weapons; ground- or air-based
lasers; orbital anti-satellites, both conventional and directed energy;
space mines; and fragment clouds.
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The approaches to enhancing survivability against a determined
attacker are the classic ones that have been used to enhance the
survivability of aircraft and surface ships: hardening, evasion,
proliferation, deception, and active defense. Applying these functions
in combinations will be necessary to counter the spectrum of potential
attacks.

Ideally, the defense system should be designed to withstand an
attack meant to saturate the system, that is, to survive an attack
requiring the commitment of all defense system resources.

OFFENSIVE RESPONSES

In all considerations of offense versus defense, there is a continuing
dynamic interaction. Each action can stimulate a countermeasure. In
response to the development of a ballistic missile defense system,
history indicates that a potential opponent will, in general, proceed in
a straightforward manner with the lowest level of countering tech-
nology judged adequate. There would be continual work on possible
technical responses, and it should be noted that each projected
response involves a trade-off; for example, hardening of booster
rockets means a reduced payload or range.

CRITICAL TECHNOLOGIES

The Defensive Technologies Study Team concentrated on critical
technologies, that is, the technologies basic to the longest lead-time
items in a multitiered, four-phase ballistic missile defense system
capable of defending against a massive and responsive threat. The
concern was primarily with the technologies that are paramount—the
concepts whose feasibility will determine whether an effective defense
is possible.

There are several critical technological issues that will probably
require research programs of ten to twenty years:

® Boost and post-boost phases. As mentioned earlier, the ability to
effectively respond to an unconstrained threat is strongly depen-
dent on meeting it appropriately during the boost and bus
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deployment, or post-boost, phases. This is especially important
for a responsive threat.

o Threat clouds. Large threat clouds—that is, dense concentrations
of reentry vehicles, decoys, and debris in great numbers—must
be identified and sorted out during the midcourse phase and high
reentry.

o Survivability. It will be necessary to develop a combination of
tactics and mechanisms ensuring the survival of the system’s
space-based components.

e Interceptors. By having inexpensive interceptors in the mid-
course phase and in early reentry, intercept can be economical
enough to permit attacks on threatening objects that cannot be
discriminated.

® Baitle Management. Tools are needed for developing battle-
management software.

The study also identified five- to ten-year research programs
dealing with other issues. One category is space logistics. In order of
priority within this category, it is desirable to have

(1) aheavy-lift launch vehicle for space-based platforms of up to
100 metric tons;

(2) acapability to service the space components;

(3) acapability to make available, on orbit, sufficient materials for
space-component shielding against attack;

(4) an ability to transfer items from one orbit to another.

In addition to these items, multimegawatt power sources for space
applications would be required.

NEAR-TERM DEMONSTRATIONS AND DEPLOYMENTS

An informed decision on system development cannot be made
before the end of the decade, but there may be reasons for near-term
feasibility demonstrations that could be developed into elements of a
total ballistic missile defense system. Unlike the boost and post-boost
phases, the trade-offs between competing technological approaches
for the midcourse and terminal phases are relatively well understood.
Although we cannot yet pick detailed designs for the major compo-
nents of the midcourse and terminal-phase defenses, the best generic
approaches are known and the set of competing technologies is
narrow. A number of near-term demonstrations could be done before
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the end of the decade that typify technological milestones. Such
demonstrations could include, among others,

® a space-based acquisition, tracking, and pointing experiment;

® a megawatt-class, visible-light, ground-based laser demonstra-
tion;

® an airborne optical adjunct demonstration;

e ahigh-speed, endoatmospheric, nonnuclear interceptor missile
demonstration.

In the next five years, there are decision points that will affect the
technologies available by 1990. Between 1990 and 2000 the United
States may decide to provide increasing protection for its allies and
itself by deploying portions of the complete four-phase system. Such
deployments might be evolutionary, leading to the final, low-leakage
system.

The members of the Defensive Technologies Study Team finished
their work with a sense of optimism. The technological challenges of a
strategic defense initiative are great but not insurmountable. By
pursuing the long-term, technically feasible research and develop-
ment plan identified by the Study Team and presented in this report,
the United States will reach that point where knowledgeable decisions
concerning an engineering validation phase can be made with con-
fidence. The scientific community may indeed give the United States
“the means of rendering” the ballistic missile threat “impotent and
obsolete.”
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active sensor

airborne optical
adjunct

algorithm
architecture
birth-to-death
tracking

boost phase

booster

bus deployment
phase

chemical laser

GLOSSARY

A system that includes both a detector and a source of
illumination. A camera with a flash attachment is an
active sensor.

A set of sensors designed to detect, track, and
discriminate an incoming warhead. The sensors are
typically optical or infrared devices flown in an aircraft
stationed above clouds.

Rules for solving a problem using computer language.

The physical structure of a computer system, which
can include both hardware and software (programs).

The ability to track a missile and its payload from
launch until it is intercepted or reaches its target.

The portion of a missile flight during which the
payload is accelerated by the large rocket motors. For a
multiple-stage rocket, boost phase involves all motor
stages.

The rocket that “boosts” the payload to accelerate it
from the earth’s surface into a ballistic trajectory,
during which no additional force is applied to the
payload.

The portion of a missile flight during which multiple
warheads are deployed on different paths to different
targets (also referred to as the post-boost phase). The
warheads on a single missile are carried on a platform,
or “bus” (also referred to as a post-boost vehicle),
which has small rocket motors to move the bus slightly
from its original path.

A laser in which chemical action is used to produce the
pulses of coherent light.
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SURPRISE, ..Continued

raises profound ang political issues. Has a president
the right to exposé our people forever to the vaga-
ries of an incpéasing number of volatile decision-
makers? Such a course involyes the near certainty
of a growth in pacifism or the risk of a holocaust as
a result of miscalculation or the gradual escalation
of peripheral crises.,

Even granting — a5 I do;— that a perfect defense
of -our population is abmost certainly unattainable,
the existence of somé defense means.that the
attacker must plan o satm'atmg it. This massively
complicates the attackeér’s calculatjons. Anything
that magnifies doubt i msp:rs hwtatxon and adds to .
deterrence.

The case grows strdnger if one consxders the
defense of Intercontinental Ballistic Missile launch- -
ers. A defense of the civilian population would have
to be nearly 100 percent effective, while a defense
that protected even 50 percent of land-based mis-
siles and air bases would add hugely to deterrence.
.The incentive for a first strike would be sharply,
perhaps decisively, reduced if an aggressor knew
that half of the opponent’s ICBMs would survive any
foreseeable attack.

Then there is the problem of third nuclear coun-
tries. Calculations and restraints that are highly
plausible to advanced industrial societies are not
necessarily equally persuasive to leaders of the
Khadafy variety. Although a foolproof civilian
defense against a superpower is difficult to conceive
of, substantially complete defense against third
nuclear countries could .be possible well into the
next century.

Perhaps the most compelling argument is the
possible beneficial effect of some missile defense on
arms control. Arms control theory is now at a dead
end; the stalemate in negotiations reflects an
impasse in thought. The reductions proposed by the
Reagan administration would add little to stability;
the freeze that is its alternative would perpetuate
what needs correction.

A breakthrough requires reductnons of the num-
. bers of warheads on a scale inconceivable so long as
- the strategic balance depends ennrely on offensive
weapons,

Under present conditions the reductions that can
be verified are relatively small. They are either
dangerous beeause they simplify an attacker’s cal-
culations, or they are irrelevant because they leave
larger&idual numbers of warheads.

If, however, the strategic warheads of both sides
were reduced to a few hundred — a number astro-
nomically below any so far envisaged — the side

‘capable of hiding even a thousand warheads might
be able to disarm its opponent by a surprise attack
or blackmail him into submission when the clandes-
tine weapons are revealed. But with a properly
designed defense, much larger numbers would be

needed for a strategically decisive evasion. and
those numbers could be detected.

Three propositions

1 consider these arguments compelling with
respect to three propositions:

e We should not commit ourselves at this point to
the demilitarization of space.

o We should proceed actively with research and
development and forgo moratoriums.

o We should be prepared to negotiate over arms
control of all defersive weapons.

Before committing ourselves to actual deploy-
ment, an answer to the following questxons is
needed:

e Is it possible to design a ballistic mnssnle
defense that is primarily useful for the defense of
the retaliatory forces or against maverick third
nuclear countries?

e If such a limited defense become part of an
arms control agreement, how would the limitation
be expressed and verified?

» Could we avoid loopholes for further expansxon
to a full-scale defense?

e Would such a defense be destabilizing by tempt-
ing a first strike and relying on the defense to
absorb the counterblow? (In theory this should not
be, if both sides have relatively limited defenses.)

¢ What in such a context would be the appropri-
ate low level of offensive forces to bring about’the
breakthrough toward real arms control which has
eluded us for a decade? .

e Or would strategic defense at any level datroy
all hopes for an equilibrium? .

The real debate will be joined after the American
election. Theoretically both superpowers should
have an interest to prevent war by miscalculation

- and irresponsible third nuclear powers from black-

mailing them with nuclear weapons. Neither side
can gain from seeking unilateral advantage.

Thus a renewal of negotiations will be a test less
of ingenuity than of political maturity. There seems
general concern with the precariousness, both physi-
cal and psychological, of a balance based on large
unopposed offensive systems. But some limited
defense — yet to be analyzed — coupled with a
revolutionary approach to reduction of offensive
forces by agreement may advance us toward the
elusive goal of stability. It remains to be seen
whether domestically we can overcome debate by
sloganeering and internationally whether the super-
powers can move the quest for peace from polemics
to a joint enterprise. W
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CORPORATE R&D...

CONTINUED

year, President Reagan wants Congress
to pump $3.7 billion into the program.

Not surprisingly, the goings-on at the
Star Wars office are closely watched
from corporate boardrooms. Says Army
Colonel Robert W. Parker, director of
resource management at SDI's office:
“One way or another, 80% percent of
our money is going to the private see-
tor.” On any given day, representatives
of dozens of companies and universities
visit the headquarters. Abrahamson,
who last headed the civilian Space Shut-
tle program, has given the private sector
an unprecedented role in shaping a de-
fense project. That way, he hopes to at-
tract “the brightest minds.”
PATCHWORK. Abrahamson’s first task
was to pull together the best of 20 years
of past research on antimissile weapon-
ry. The sDI project is largely patched
together from existing research efforts
by the Army, Navy, Air Force, Defense
Advanced Research Projects Agency,
and other agencies. These projects in-
volve some 300 contractors, and funding
their work will account for most SDI
spending.

Under SDI's wing are such projects as
the Army’s effort to develop a ground-
launched projectile that can knock out
missiles in space. That system brought
down a dummy warhead high over the
Pacific last summer. The Air Force is
overseeing the development of electro-
magnetic guns that could fire projectiles
at incredible speeds in space. Other
patches of the SDI quilt are the Navy’s
program to develop laser weapons and a
particle-beam accelerator known as
White Horse at the Energy Dept.’s Los
Alamos National Laboratory.

Abrahamson’s office, however, faces
the daunting task of forging those di-
verse weapons and surveillance technol-
ogies into a space-based shield capable
of destroying thousands of warheads in
minutes. To spur the massive innovation
needed to make Star Wars work, Abra-
hamson devised a competition nick-
named Horserace that is intended to
help shape SDI's strategies and the mix
of weapons needed. The scheme encour-
ages companies to apply their best ef-
forts to the task by rewarding those
that are quickest to show important re-
sults. “This is a new role for govern-
ment and industry,” says one company
executive. “It used to be that the gov-
ernment gave us a set of specifications.”
TEAMS OF GIANTS. Horserace got out of
the starting gate last July when 225
companies picked up formal requests
from Abrahamson’s office for proposals
on how an entire Star Wars defense
could be built. Ten teams, led by such
aerospace stalwarts as Hughes Aireraft,

CONTINUED NEXT PAGE
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‘Star Wars’ Science

Expected to Spawn

Peaceful Inventions

Gains seen for
medicine and

_mdustry

By MALCOLM W. BROWNE

HATEVER finally

¥ comes of President Rea-

7 gan's proposed “Star

5 W Wary” defense against

nuclear missiles, current research at

the nation’s weapons laboratories

promises a bumper crop of spinoff

discoveries and gadgets, many of

which will spur progress in medicine,
industry and basic science.

Scientists at such weapons labora-
tories as Lawrence Livermore in
California, Los Alamos in New Mex-
ico and Oak Ridge in Tennessee say
their projects will benefit pursuits as
arcane as the analysis of supernova
explosions and as mundane as the
processing of vegetables., Instru-
ments, machines and ideas being de-
veloped in connection with weapons
programs may help detect cancer in
its early stages, screen people for
genetic defects, custom-grind special
contact lenses and win back the
America’s Cup.

Of the $100 million the Government
is expected to spend on Strategic De-
fense Initiative research in the com-
ing year, most will go for projects
having little immediate bearing on
peaceful applications. Critics of the
Presidential initiative argue that the
money would be better spent directly
on civilian research.

Promises for Peaceful Use

Stili, the development of military!
hardware has often enriched science
and technology, and the trend is cer-
tain to continue. World War II, for ex-
ample, speeded the development of
jet aircraft, space flight, antibiotics
and nuclear energy. Among the spin-
offs of the nuclear bomb program was
the creation of an artificial element
called amencxum, the essential in-
gredient in smoke detectors now used
to help prevent destructive fires in’
the home.

The beams of laser light and

charged particles that may one day
be used in warfare show particular
promise as tools for peaceful re-
search and medicine. A case in point
is the deadly X-ray laser, which may
soon begin revealing the mechanisms
of life in hitherto inconceivable de-
tail.

Military designers are interested in
building an X-ray laser weapon,
mainly because it could deliver vastly
more destructive energy to a distant
target in space than is possible using
conventional lasers. But the creation
of an X-ray laser has confronted for-
midable obstacles; producing a cas-
cade of X-rays requires a great
amount of energy. One obvious way of
creating such energy is to pump the
laser with a nuclear explosion, and
the first bomb-powered X-ray laser
was successfully exploded five years
ago at the Nevada test site. But in re-
cent months the Administration has
emphasized a desire not to use nu-
clear devices in the proposed space
weapons because of political and
technical problems.

Era of New Super Microscopes

But aside from its weapons applica-
tions, the X-ray laser has excited
biologists, chemists and physicists
because of its possible use in a super
microscope, an instrument that will
perhaps be capable of taking holo-
graphic three-dimensional movies of
the genetic code of a living cell. Nu-
clear explosions are inconvenient
power sources for any kind of labora-
tory, however, so scientists in and out
of Government service have sought
less destructive techniques for gener-
ating X-ray laser beams.

Last October, researchers at Liver-

" more reported success with their gi-

gantic Novette laser, a machine that
fills a building the size of an aircraft
hangar. Green laser light approxi-
mately one trillion times more power-
ful than ordinary sunlight was fo-
cused on foils of the metals selenium
and yttrium, causing the foils to ex-
plode and emit thin laser beams of in-
tense X-ray light.

" Many problems remain to be solved
before X-ray lasers become common
. research tools. But according to Den-

nis L. Mathews, the physicist in

CONTINUED NEXT PAGE
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charge of the Livermore project, the
goal is in sight. The results will be
dramatic, not only because of the
penetrating power of X-rays, but be-
cause X-rays have much shorter
wavelengths than visible light and
can therefore pick out finer details
than can be discerned using even the
most powerful light microscope. An
X-ray laser microscope would also
have important advantages over an
electron microscope, in that it could
look directly at a live specimen with-
out killing and preparing it in ad-
vance.

‘I would guess that we're going to
see the first X-ray hologram one or

two years from now,” Dr. Mathews
said in an interview last week. ‘‘It
may be rather crude — perhaps show-
ing just the gross internal structure of
a cell. But refinements will come ra
idly, and eventually, I think, we’ll &
able to make* holographic pictures
even of living DNA molecules, the
molecules that make up the genetic
code.”

The potential of weapons-related
inventions for advancing medical re-
search has become so impressive that
Egivate business organizations have

gun to exploit them. At Los Alamos
laboratory, for example, scientists
devised an optical instrument using
circularly polarized light. Realizing
the commercial potential the instru-
ment would have if it could be

CORPORATE R&D. ..
CONTINUED

Martin Marietta, TRW, and Rockwell In-
ternational, were awarded initial con-
tracts. By 1986 the strategic defense
staff plans to select two companies to
build a ground-based simulation of the
system. Star Wars officials say those
contracts will be “big,” but they won’t
estimate how big.

sDI will need much more than existing
technology if it is ever to fly. To get all
the necessary advances, it will pump 3%
to 4% of its projected budget over the
next five years into pushing innovations
in technologies ranging from advanced
computers to optics. And officials are
convinced they can stimulate universities
and industry to accomplish in two or
three years what most scientists main-
tain will take a decade or two. “You can
have overnight revolutions, overnight
breakthroughs,” insists James A. lon-

son, the 34-year-old astrophysicist who -

heads SDI's Innovative Science & Tech-
nology Office (sT.

This year, IST will shell out $28 million
to begin developing a new bag of high-
tech tricks for Star Wars, and he has
asked Congress for $137 million for next
year. In February, Ionson set up his
first high-tech consortium: five universi-
ties that will develop nonnuclear sys-
tems to power space-based battle sta-
tions. The university researchers will try
to find ways to generate megawatt
bursts of power to run SDI's weapons.
They are considering batteries as well as
such far-out schemes as generating elec-
tricity by running rocket exhaust
through a magnetic field.

ESOTERIC CONCEPTS. In late March or
early April, 1ST will roll out more consor-
tiums—including small businesses—that
will probe ways of telling real warheads
from decoys and develop the high-speed
computers necessary to aim and fire or-
biting and ground-based weapons. This
summer, lonson plans to launch another
group to look at the possibility of put-
ting fission—or even fusion—reactors in

space. Next year he plans to delve into
advanced concepts in particle beams.
Almost no cutting-edge technology
will go without a shot of new research
funds. The computer project, for exam-
ple, will attempt to develop superfast
optical computers that use light instead
of electrons. Ionson is even considering
so-called biochips, an esoteric computer
concept that envisions using circuits
made of organic molecules instead of sil-
icon chips. Such computers could pack
tremendous amounts of information into
an almost infinitesimal amount of space.
“It would mean an absolute revolution in
the computing industry,” says Ionson.

Star Wars, however, is still in its in-
fancy. The problems that must be over-
come before an effective defense against
nuclear weapons can be constructed re-
main immense. Thus, many of the major
defense contractors are taking a wait-
and-see attitude for now. Experienced
corporations such as Boeing Co., which
has a $20 billion backlog of civilian and
military orders, know the program isn’t
essential to their immediate future.
Some scientists argue that the personnel
for a massive Star Wars R&D effort is
lacking in some fields, such as optics.

Whether or not Star Wars comes to
fruition, Abrahamson and Ionson are
convinced that it will produce a wealth
of new technology. “Star Wars will cre-
ate an industrial revolution,” insists Ion-
son, who points out that gamma-ray la-
sers designed to cripple missiles could
also provide the first three-dimensional
images of the nuclei of atoms. “You
could actually examine cells, genes,
strands of DNA. The possible medical
uses are absolutely spectacular.”

That enthusiasm is catching on.
“We’re wide open on what we’ll focus
on,” says Charles S. Bridge, chief scien-
tist at Litton Industries Ine. And, with-
out question, the Star Wars office now
holds the strings of a massive techno-
logical effort that could dwarf the Apol-
lo lunar exploration program and move
technology light-years forward.

By Dave Griffiths and-Evert Clark in
Washington and Alan Hall in New York

adapted to clinical research, a group
of business people paid Los Alamos $4
million in venture capital to develop a
marketable product. The result was
an instrument that can make fast,
cheap assays of viral components of
blood.

Another important -clinical instru-
ment, a computer-controlled micro-
scope that analyzes digital informa-
tion from the images it gathers,
emerged three years ago from Liver-
more. It has found use in screening
blood samples for genetic abnormal-
ities and the onset of cancer,

Death Rays Against Fruit Flies

The development of death-ray tech-
nology could also lead to safer fruits
and vegetables on supermarket
shelves and might even help safe-
guard the coritinent’s forests from
acid rain, scientists say. The tool that
could do these things, a very powerful
miniature particie accelerator called
the High Brightness Test Stand
(H.B.T.S.), already exists.

According to the machine’s devel-
oper, Stephen Mathews, also physi-
cist at Livermore, the H.B.T.S. was
invented using a system called mag-
netically switched linear-induction
acceleration to produce a very in-
tense beam of high-energy electrons.
This beam, in turn, powers a device
called a free-electron laser — one of
the candidates for development as a
space weapon. But Dr. Mathews has
conceived some unexpected uses for
the accelerator, which is only about
six feet long and which could be
manufactured to sell for about $1.5
million.

The Livermore scientist proposes
using the little accelerator to kill in-
sects, including the infamops Medi-
terranean fruit fly, larvae and para-
sites that infest freshly harvested
fruit and vegetables. His idea is to di-
rect the electron beam from the ac-
celerator at a metal target, thereby
producing a very intense X-ray beam
that could irradiate food products. Ir-
radiation would replace the chemical
fumigation used on many crops,
thereby eliminating all chance that
such poisonous fumigants as ethyl
bromide might cling to the produce.

The Food and Drug Administration
is considering allowing the irradia-
tion of foods, but the only source of
sufficiently intense radiation now
available is the isotope cobalt-60,
which radiates lethal gamma rays.
Cobali-60 can be used safely, Dr.
Mathews says, but America’s supply
of the substance, which must be made
in nuclear reactors, is so small and
expensive that it would hardly suffice
to treat California’s almond crop,
much less the nation’s fruit and
vegetable crops. Particle accelera-
tors could do the job, however, per-
haps even moving by truck from one
harvest to another. Further in the fu-
ture, Dr. Mathews sees the device
being used to irradiate fresh fish and
other perishable foods, thereby
greatly extending their shelf lives.

CONTINUED NEXT PAGE
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Scott MacNeill

Use Against Acid Rain

Livermore's baby particle acceler-
ator is also undergoing tests as a de-
vice for removing gases from indus-
trial chimneys, which are believed to
be a major cause of acid rain. Unlike
solid particles of soot, these gases
cannot be filtered from smoke or re-
moved by conventional electrostatic
antipollution devices. But the particle
accelerator would hurl a powerful
beam of electrons through the chim-
ney gas, thereby ripping apart gas
molecules of sulfur and nitrogen
oxides. Farther up the chimney, am-
monia gas and water vapor would be
pumped in, and as the molecular
components recombined they would
form solid particles of ammonium ni-
trate and ammonium sulfate, which
could be tiltered out easily.

Dr. Mathews said that Laboratory
tests have shown 90 percent to 100 pe-
cent of the acid-forming flue gases
can be removed by the electron-beam
technique. While a power plant would
have to use 5 percent of its output of
electricity to run the accelerator, he
added, the elimination of smoke-
stack pollution would halt or slow the
current ravage of forests and lakes in
the United States and Canada by acid
rain. :

i Weapons laboratories use powerful
lasers not only as destructive beams
but also as industrial tools, and some

,of these tools have considerable

; promise. A large plant at Livermore,

 for example, uses laser beams to

' separate uranium-235 — fuel for nu-
clear bombs and reactors — from the
mixture of isotopes extracted from
uranium ore. The laser process is
much more efficient than the process

| it replaced, in which the uranium iso-

‘topes were converted into gas, which
was separated into its constituents by
repeatedly passing it through mem-
branes.

Scientists say the laser separation
process could be adapted for use with
other metals. One of the isotopes of
merclry, for example, could be sepa-
rated in commercial quantities, and
this isotope could be used to make
fluorescent lights much more effi-
cient than those now in use. .
Many Uses for Astronomy

Among the pure sciences most
likely to benefit from the offshoots of
weapons research is astronomy.

Many proposed laser weapons
would require very large, perfectly
shaped and polished focusing mir-
rors, which could be used in space to
aim the beams. The precision re-
quired of these mirrors goes far be-
yond the techniques of ordinary opti-
cal mirror-making, and required the
development by Livermore of a huge
diamond lathe controlled entirely b
computer. With the computer control-
ling its position and pressure, the dia-
mond tool in the machine gouges out
microscopic grooves in the part or
mirror surface until it perfectly
matches the specifications.

CONTINUED NEXT PAGE
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Star wars

Israel attracted
by spin-off

Rehovot

ISRAEL is almost certain to accept the
invitation it has received from the United
States to participate in the Strategic
Defense Initiative (‘‘star wars’’) research
programme.

If the government does so, it will enjoy
the support of most of the scientific
community, whkich hopes that the project
will provide research funds that are no
longer available from other sources and
also create positions for young scientists
who might otherwise leave the country.

Professor Josef Singer, president of the
Haifa Technion and an aeronautical
engineer who has himself done defence
research, supports Israeli participation but
warns his colleagues that they should not
expect the United States ‘“to spend billions
of dollars and to engage thousands of
scientists and engineers’’.

Singer points out that the US armed
forces have already spent millions of
dollars over the past 30 years in support of
research projects at institutes in Israel.
““And’’, he says, ‘‘while Israel stands to
gain more in resources and know-how, it
also has a contribution to make. Other-
wise, it would not have been invited to

CONTINUED NEXT PAGE
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Star wars

France rallies European forces

THE French government is determined to
shake Europe awake, and to encourage all
the nations of Europe to take a great leap
forward in science and technology, by
creating a new European research organi-
zation with considerable powers and funds,
dubbed ‘*Eureka”. Or it may be that the
French government is scared stiff of parti-
cipation in the US Strategic Defense Initi-
ative (SDI, or star wars) because it feels this
might suck France dry of some of its best
weapons technolgies, and wishes to form
a common European industrial and re-
search front. Eureka would be that front.

Which is the truer picture of French in-
tentions? Probably both are true, which has
made it a little difficult for Western
European foreign ministers to respond to
an urgent letter, proposing the flexible and
rapid creation of Eureka, addressed to
them last week by their French opposite
number, M. Roland Dumas.

In the letter, Dumas says that Eureka
(which in a rare French linguistic conces-
sion he gives the English name ‘‘European
Research Coordination Agency’’) would set
up major programmes half-funded by
Eureka and half by industry in optronics,
new materials, high-powered lasers, arti-
ficial intelligence, high-speed and ultra-
miniaturized microelectronics and space.
Any European state should be able to join
in any programme, Dumas suggests,

SCIENCE...CONTINUED

Mirrors of such precision may sig-
nificantly enhance the quality of fu-
ture astronornical telescopes. More-
over, the diamond lathe could make
them in any size and of any kind of {r-
regular shape, so as to permit novel
telescope designs. At the other ex-
treme in size, the lathe could be used
to grind perfect contact lenses for
eyes with unusual impairments.

Weapons laboratories are develop-
ing special multilayered mirrors
capable of focusing and bending
X-rays, which pass right through or-
dinary mirrors. These X-ray optics
will find applications in the emerging
field of X.ray astronomy.

The batteries of supercomputers
operated by the weapans laborato-
ries, when not employed in designing
weapons, are being used to develop
mathematical models helpful to as-
tronomers, weather forecasters,
shipbuilders and others. The mathe-
matical modeling of events that take
place inside a hydrogen bomb explo-
sion, for instance, is applicable to the
-explosion of a supernova star.

Livermore has also shed light on
the nature of the cores of such giant
gassy planets as Jupiter and Satum.
By subjecting hydrogen to the intense
pressures produced in an explosion,

scientists have reproduced conditions
in planetary cores, where hydrogen
becomes a metallic solid.

Eager to Share Discoveries

Computer modeling of the turbu-
lent flow of gases, important factors
in a nuclear explosion, may have
some bearing on global weather pat-
terns and forecasting. Another type of
computer modeling under develop-
ment at Livermore and elsewhere is
expected to help in the design of boat
and ship hulls, and one current
project aims at improving yacht de-
sign for the next America’s Cup re-
gatta.

By and large, American weapons
laboratories are eager to share the
discoveries and technology they turn
up, provided they can do so without
violating national secrets. The diffi-
culty, spokesmen for the laboratories
say, is that commercial manufactur-
ers often insist on exclusive rights to
whatever processes or, inventions
they get from the laboratories, and
this is sometimes impossible.

‘‘Maybe the most important thing
we do for private industry,” said Su-
zanne Monaco, director of Liver-
more's technology transfer depart-
ment, ‘‘is to show people what can be
done. We have a kind of can-do atti-
tude toward every problem we ap-
proach, and it rubs off on the outsid-
ers we try to help.”

leading to a ‘‘variable geometry’’ Europe
for research. But what research? Dumas’
shopping list is remarkably similar to one
that might be drawn up by SDI, rather than
the new technologies in general (where is
biotechnology, for example?), but the letter
does not mention SD1 by name.

Nevertheless, French interest in creating
what the Prime Minister, M. Laurent
Fabius, calls ‘‘a European area for
research”’ is well known, and long pre-dates
interest in SD1. France has doubled its
government civil research spending since
President Mitterrand came to power in
1981, but now realizes that France cannot
go it alone against the United States and
Japan. Thus Pierre Papon, director-general
of the principal French research council,
the Centre National de la Recherche
Scientifique (CNRS), which has 10,000
researchers, made a detailed tour of Europe
last year seeking bilateral research
agreements, and the present research
minister, ex-president of the French space
agency the Centre National d'Etudes
Spatiales (CNES), has also shown himself
a dedicated European.

But these individuals and others in the
French science political scene may be
getting impatient at the pace of European
integration in science and technology.
ESPRIT, the European programme of
research in information technology,
flagship of the European Economic
Community (EEC) programme in
integrated ‘‘pre-competitive’’ research, has
been extremely slow to spend real cash, and
for the moment can claim only that it has
brought a few European companies to the
same table. The only really working
institutions of any size seem to be the
European Organization for Nuclear
Research, CERN, which has only a
moderate economic impact, the European
Space Agency (ESA) of which Curien has
been chairman, JET (the European fusion
experiment, with impact only far in the
future) and the European Airbus.

France wants much more, and earlier this
month Jacques Delors, the new French
president of the European Commission (the
EEC bureaucracy), tried to provide it. In
a written presentation, he asked European
ministers at a summit meeting to double
EEC research spending from its present
three per cent of the Brussels budget to six
per cent, and he linked the increase with
the need for Europe to respond to SDI.
Ministers — who at present in the 10-nation
EEC must agree any proposal unanimously
— threw out both ideas. Many states were,
it seems, prepared to increase the research
budget, but by nothing like the factor of
two, and the SDI link was described by

CONTINUED NEXT PAGE
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SDI

The Technical Alternatives

In a recent issue, Time Magazine said
of SDI, **Advocates conjure up
visions of death rays flashing across
thousands of miles of space to zap
Soviet missiles as they rise. Critics
counter with derisive pictures of the
most sophisticated weaponry foiled by
something as simple as grains of beach
sand scattered in orbit.”

To the people at Time, the essential
question was whether the system could
work, but even Time's staff missed the
one truth that has characterized all the
**technical’" discussion which followed
President Reagan's 1983 plea that we
use our technological expertise to foster
defensive rather than offensive systems.
Almost no one has actually examined
the technology to determine the
concepts’ feasibility (the plural is
intended. since we deal here with
multiplicity of technical concepts).
Isolated pieces of technology are drawn
into the argument as individual
proponents and opponents of SD! find
them relevent in proof of positions they
have typically formed on bases other
than technical analysis.

There is no SDI technology today,
only a planned and partially budgeted
R&D effort aimed at the determination
of whether the concept of a layered
defense system is technologically
feasible. There is no system
configuration today, only a list of
potential alternatives whose worth must
be proven or disproven in the course of
research. There is no proven level of
effectiveness, no numerical analysis of
missiles destroyed and missiles escaping
the various layers of the system, only a
hope that the research will demonstrate
a capture potential high enough to deter
any aggressor from the use of his
nuclear arsenal in time of crisis.

Why then an article which purports to
discuss the very technology it claims to
be nonexistent? The very fact that the
technology is so widely misunderstood
and so frequently misassessed is the
most driving argument for an analysis,
not of the system to be deployed in the
future, but rather of the basic
technology options, their strengths and

April/May 1985

by JIM MARTIN

weaknesses, their current level of
advancement and the areas in which we
must further advance if SDI is ever to
become a reality. Any article which
claims to discuss the system itself rather
than the technology menu from which
its various elements will be selected is

‘decidely premature.

The one aspect of SDI technology
which is admitted by both sides of the
controversy is that the challenge is
enormous. But it is unrealistic to argue,
on the one hand, that all of the
technology exists today and that the
only real question is the speed with
which we can deploy it, or, on the
other, that we have reached the limits of
American technical ingenuity and that
we should therefore not consider any
system for which the elements are not
already on the well-stuffed shelves of
the Quartermaster Corps. We must
assess what is and what can be
developed from what is, for the answers
ultimately will be found in an amalgram
of the two,

THE BASIC QUESTIONS

Perhaps the point at which we should
begin is the basic question of density
and operating power. Even the most
generalized conceptualization of an SDI
system should make it apparent that the
sensor and data processing demands wiil
be unprecedented. In many cases, the
degree of required power and precision
can be defined by extrapolating from
existing systems. The first question must
be whether we can construct systems of
greater density than anything fielded
today, and with 10- to 20-fold increases
in performance.

Ultimately, we are really discussing
quantum leaps in both hardware and
software sophistication. Perhaps that
sounds less glamorous than the
overblown scenarios of huge satellite
laser systems shooting their lethal beams
down from orbit toward a horde of
rising missiles, but it is a much more
realistic point at which to begin the
assessment than the George Lucas-esque
imagery so often scattered through the

Pg. 49
media (who adequately demonstrate
their viewpoint by their consistent
refusal to call the program by its correct
name).

We are moving in the right directions
in both hardware and software to at
least make the concept of a reasonably
(not necessarily totally) secure defensive
system a distinct possibility. In
hardware, the progress of the VHSIC
program is a clear sign of our future
ability to radically increase hardware
densities. VHSIC and similar
developments in the commercial sector
have enabled us to fabricate 1Cs
containing more than a quarter of a
million transistors per chip. To put this
in perspective, there are few pieces of
equipment in the field today containing
devices of more than 25.000 transistors.

But VHSIC is merely scratching the
surface of silicon density. Most experts
concur that the reduction in the near
future to feature sizes of .1 to .5
microns will allow the design of 2
million transistor devices on .4 x .4-inch
dice. These represent a 100-fold
increase in device density over what we
find in systems 1oday. SDI advocates
and SDI critics toss out estimates that
range from 10-fold to 40-fold for the
increase in logic density successful SDI
systems will require. VHSIC and related
developments can take us well beyond
that level. Admittedly, we must still
design and fabricate chips with the right
logic functions. but that is a challenge
we have met frequently in the past.
Improvements in CAD make this
perhaps less of a challenge than was the
design of the first microprocessor.

But VHSIC is only part of the
improvement available to us. New
developments in chip-on-substrate and
chip-on-board assembly techniques
(particularly low-capacitance tape-
automated bonding techniques) can
currently allow us to reduce assembly
densities as rapidly as we improve chip
densities. The rapid transition into high-
speed. low-power CMOS provides us
with a technology that will allow us to
pack systems densely with little or no
concern for the heat components
generate. CMOS will also allow us to
orbit complex systems with relatively
small power consumption or to deploy
complex ground systems capable of
running for long periods on battery
back-up. The one area that obviously
requires further effort if we are to have

CONTINUED NEXT PAGE
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*SDI-level " integrated circuits is that
of radiation hardening. This is the area
in which the phase | VHSIC effort
failed to come close its stated goal.

Secondly. we have the question of
—-software power.”” In this ared. we are
also in better shape than the critics seem
to believe. To a large extent. the critical
attacks upon SDI's technology base are
more a result of the slow process by
which we deploy new systems than they
are of an actual assessment of the
technology available to us. The
technology in the field is typically a
generation behind the technology used
currently in systems research. Nowhere
is this more evident than in the software
area. Existing systems employ a
confusing array.of non-interchangeable
and often low-performance software.
The software available for new systems.
thanks largely to the implementaion of
Ada. is more powerful, more flexible,
and significantly more eastly transported
from system to system.

Initial analysis has indicated that SDI
will probably require some use of
knowledge-based systems (a more
accurate choice of terminology than the.
more commonly preferred **Antificial
Intelligence'’). To an extent that may
not be determined for years, the rapid
computation required for effective
strategic defense may well necessitate
the use of knowledge-based computer
technology.

The complexity of the total system
will make interoperability crucial, and
the amount of data and signal
processing involved will make
parallelism essential. But these are tools
and techniques which. if not fully
Jeployed in existing systems. are well
:nough investigated and understood that
ve could utilize them in a strategic
defense system. The technology base
does exist. DSP Systems, for example.
recently announced a parallel processor
system capable of 7 billion operations
per second. which could conceivably
allow a hundred fold increase in the per-
clement processing speed of a phased
array radar. Could that find applications
in SDI? The same system is capable of
real-time video processing. What could
that. coupled with leading edge optics
technology. provide us in satellite
surveillance systems? We have and
continue to create incredible technology.
The questions that we must address are
the specifics of technology
implementation.

To do'so. we must first examine the
specific tasks that any strategic defense
system must include. and these are
surveillance and threat detection, target
acquisition and tracking. and target
destruction. Despite press comments
regarding weapons in orbit. all of these
tasks could conceivably be handled with
ground-based, sea-based or airborne
systems as well as by satellites. For
some, however. there would be a
significant loss of reaction time (perhaps
as much as 40 percent of the estimated
missile flight time). so orbital basing of
some portions of an SDI system would
have advantages.

There are also subsets to those tasks.
Facing a strong defensive system,
1CBM designers would certainly attempt
to incorporate features in their designs
that would increase the probability of
the vehicle's successfully reaching its
target. Although it is safe to assume that
none of missiles in the presently huge
Soviet arsenal employ such techniques,
SDI must, by its very nature, look
toward the future. anticipating future
techniques in strategic offense. The
three most obvious means that could be
employed to increase the probability of
an ICBM's success are electronic
countermeasures (ECM), the use of
decoys or dummy missiles, and
**stealth”” (primarily radar reflective
techniques). Some mention has been
made in the past year of **fast bumn"
launch vehicles. but reduction of the
time during which infrared detection
could be used from 5 minutes to 2 is
not a serious concern, given current
capabilities in this area. The subsets
may. to some extent. prove a greater
challenge than the basic system.

It is also important to understand that
SDI should not be viewed as a system
whose sole objective is the detection
and destruction of ground-launched
ICBMs. Many SDI critics use as one of
their counter arguments a claim that SDI
will provide no protection against
startegic bombers. sea-launched ballistic
missiles (SLBMs) or cruise missiles.
This is a near classic example of
sophomoric logic. since it can easily be
demonstrated that a comprehensive
system would be able to detect and
engage all threats. regardless of launch
point or flight altitude.

SURVEILLANCE AND
DETECTION

Let us examine first the challenge of
surveillance and threat warning.
This is the one portion of the system
which is most likely to be space based.
since only an orbital system could detect
ground-level activity in the Soviet
Union. But, as Ashton Carter has noted.
satellite sytems are vulnerable. An
orbitting detection system should have
some type of less vulnerable back-up.
There are several alterantives available.
Ship-bome systems would be worth
considering, although the expense of
maintaining a number of ships for
missile detection might make this
economically prohibitive unless those
ships could accomplish other missions at
the same time. Airborne detection
{along the lines of AWACS) would
certainly be worth considering. as would
ground based systems. It should be
noted that placement of the back-up
systems will be a factor in determining
the detection technology employed.
since a ground-based system in North
America, for example. would not be
able to detect a missile based in central
Asia from the heat generated at launch.
The boost engines would have already
been jettisoned by the time the missile
cleared the detection system’s horizon.

But our primary concern is not the
back-up system, but rather the system
that would be installed in orbit. The
most logical approach to surveillance
and detection would be a series of
satellites with optical. laser and infrared
capabilities. Each capability would not
need to exist in each satellite. Most of
the SDI discussion to date has centered
on the heat detecting capabilities of an
infrared sensor system, and the
incredible heat generated by a rocket
motor during launch and boost is the
most accessible means for detecting that
launch. The scenario involved.
however, is one in which minutes are
critical. Determining that a launch may
be about 1o occur may be more valuable
than the actual detection, minutes or
hours later, of the launch. 1t is for this
reason that optical systems would also
be employed.

It is unlikely that a Soviet decision to
launch would be an immediate decision.
The decision would be made hours or
even days before. It iy also likely that
the Soviets would begin troop
mobilization prior to their attack.

CONTINUED NEXT PAGE
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Optical surveillance systems would
detect heightened activity around Soviet
ABM sites. airfields, and other
facilities. Increased troop movements on
their borders would also be probable,
All of this information could be used to
alert us to a possibiliry of imminent
attack. Part of the reason that the
Soviets have argued so strongly against
SDI is their awareness that these optical
systems not only exist today, but that
they are at least one generation more
advanced technically than their Russian
counterparts.

The infrared technology needed to
detect the actual launch of missiles
(which could probably be detected
optically as well, although that would
require a higher level of operator
attention and involvement) also exists
today. We have employed it in heat-
seeking missiles for some time. Where
we need to improve our capability in
order to make SDI a reality is in the
area of infrared triangulation. the
techniques that will allow us to
determine course and trajectory from the
information provided by infrared
detection during boost. It is likely that
space-based radar or low-intensity liders
(systems capable of measuring distance
and velocity by laser) might have to be
employed for this purpose.

With a combination of optics and
high sensitivity infrared, we could also
resolve the problem of bombers and
cruise missiles. Although they do ngt
generate the heat of a missile launch
stage. bombers and cruise missiles
generate detectable heat. We are capable
today of building satellites that could
detect any source of heat moving at
greater than a certain speed and then
locking an optical system on that heat-
source in order to determine what it is.
We could add several satellites of this
nature to our SDI network to virtually
eliminate the bomber/cruise missile
threat.

One argument voiced by the critics is
that these satellite systems could be
destroyed as the first step in any Soviet
attack, but those critics fail to realize
two points. First, the sudden
**disappearance’’ of an entire series of
satellites would be as clear an indication
of an imminent attack as the detection
of launched missiles. Secondly, we are
not so foolish as to fail to employ back-

up systems which would be activated
upon the warning the destruction of the
satellite would provide. I mentioned
earlier the use of non-space-based back-
ups. but space back-up systems are
equally realistic.

Tracking a satellite is a challenge.
The deeper the orbit the greater the
challenge. With the Shuttle. we are able
to make it harder for the orbit to be
determined from data taken during
launch. It is even conceivable that the
STS could **drop™* a satellite in space.
using a momentary retrofire to move it
away from the shuttle. Radio signals
could later trigger a boost vehicle
*while no one is watching™" to silently
move the satellite to its planned orbit.
All of these options make practical the
concept of “‘silent’” satellites, satellites
which do not transmit until they have
data to report. Since the easiest means
of satellite detection is radio signals.
finding these satellites in a
geosynchronous orbit would be like
trying to find a one micron solder ball
somewhere in the Pacific Ocean using a
radar system in Peru.

Now the point could be raised that we
would need to confirm that these *silent
sentinels”” continue to function properly.
That couid be done with laser
transmissions on a controlled periodic
basis to “*housekeeping'" satellites
capable of relaying the data to earth. No
current technology can detect a short
laser burst between two objects in orbit.
If the housekeeping satellite were
attacked. we would probably no longer
need period health checks. for the
sentinels would be required to perform
their primary function shortly atter.

Perhaps the biggest problem we
would face in the deployment of silent
sentinels, and | believe it was John
McLucas who pointed this out, is that
Third World nations are beginning to
request geosynchronous satellite slots
for their planned systems. It would be
hard to deny a request for a position
that is supposedly vacant without
somehow identifying what we have
hidden there.

We also have means of protecting
satellites in identified orbits. We can

harden them. We can give them
autonomous repositioning capability.
We could equip them with several small
kinetic weapons with which to defend
themselves. The options are many.

The biggest challenge is not the
deployment and protection of the
satellites. It is the development of a new
generation of sensors and the processing
systems to support them. But we have
basic capabilities that can be advanced
to the levels SDI would require. No
magic is required for detection and
surveillance.

TARGET ACQUISITION
AND TRACKING

Lel us then examine the second area:
target acquisition and tracking. Once
we have determined that missiles have
been launched. we must track them as
targets. Although this could be
accomplished by the detection and
surveillance systems, the possibility of
jamming interference must be
acknowledged. A nuclear screen could
be placed between the anti-missile
weapon and its source of information
(say between a kinetic missile and a
satellite). causing a disruption of
communication. The weapon itself
must. therefore. have its own target
detection and tracking system. capable
of working despite both nuclear and
electromagnetic interference. If the
weapon is not of the **destruct upon
engagement’' variety (such as a kinetic
missile). then the tracking system must
be capable of determining whether the
target has been successfully destroyed.
so that a second attempt may be made if
needed.

The challenge here will depend upon
the type of defensive weapon employed.
But we should perhaps not examine so
much what will be as what exists today
from which technology could be
adapted. One tracking system from
which concepts could be drawn is

- Phalanx, a system currently deploved on

a number of Navy vessels. Phalanx is a
radar-controlled. rapid-fire gun capable
of engaging targets from water level to
near vertical across a predetermined arc

CONTINUED NEXT PAGE
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(the primary limitation of that arc being
the ship’s superstructure). Phalanx itself
would probably not be a good SDI
weapon because its range is limited, but
the guidance and detection system could
form an excellent basis for a "*final
layer’’ defense. Phalanx operates by
detecting the course of the incoming
target and the course of the outgoing
rounds, and then shifting the gun until
the two converge. It is this kind of high
speed tracking that SDI will require.

Several years back, ERIM (the
Environmental Research Institute of
Michigan) developed a closed-aperture
phased array radar system capable of
analyzing three-dimensional radar
images with a level of accuracy that
allowed it to differentiate between two
tanks, identical except for a slight
modification to the barrel of one. The
problem was that the system was
enormous. because of the number of
integrated circuits required. In a few
years, VHSIC chips will allow us to
build that system in a 6-inch cube. This
too should be a candidate detection
system.

And there are many more detection
systems which provide some of the
basics required by SDI for advanced
research and initial development. And
we are capable of the processing power
needed to support them. We are not
talking about a revolution in technology
to make SDI achievable, but rather an
evolution. The only question that we
cannot answer today is how much of an
evolution will be needed.

THE WEAPONS
POSSIBILITIES

Perhaps the most interesting area for
discussion is that of the weapons
themselves. There are basically three
alternatives: beam weapons, kinetic
weapons, and nuclear weapons (which,
as Dr. Teller has pointed out, does not
de facto mean megaton or even kiloton
warheads). It is conceivable that all
three might be employed, each within a

different layer of the defensive network.

Perhaps the easiest to discuss is the
second, kinetic weapons, and this is

also the one that is best proven. By
now, everyone is familiar with the
Homing Overlay Experiment (HOE)
performed a year ago. HOE was a
kinetic impact missile with a deployable
metal shroud. Using its mesh umbrella,
an HOE fired from Kwajalein engaged a
dummy Minuteman which had been
fired from Vandenberg AFB 4,000 miles
away. HOE met its target over the
Pacific, destroying it as the two
approached at a combined velocity of
more than 14,000 mph. That translates
into an accuracy of 10 feet despite a
combined approach rate of more than
20.000 feet per second. The degree of
course adjustment of which an ICBM is
capable is negligible, and it is doubtful
that any Soviet ICBMs contain the level
of threat detection capability that would
allow them to detect such a missile, let
alone evade it. Kinetic impact ABM
missiles are not theory, they are reality.

The main question that ha: been
raised about the kinetics is where they
would fit into the total system. Some
analysts have indicated they might be
employed against missiles in the boost
phase, but this is doubtful. To do so
would require one of two approaches,
either space-based kinetic weapons or
missiles launched from submarines close
to the Soviet coast. Neither is practical.
Satellite based kinetic missiles would
require (given the number of anticipated
targets) the boosting of a tremendous
total payload, and the satellites involved
would have to be in a relatively low
orbit to be effective. This would have
two effects. First, a low orbit, since it
is not geostationary would place the
majority of all missiles outside a useful
range at any point in time. Secondly,
the low orbit would also make them
extremely vulnerable to ASAT activity.

As far as sea-launched missiles are
concemned, since they would be fired
later than the ICBMs against which they
were targetted, they could not engage
those targets until they were past their
boost phase. Beam weapons, as we
shall see later, make more sense during
the boost phase.

Kinetic weapons, launched either
from sea or land (or possibly even from

airborne platforms. although this would
appedr unnecessary) would be most
usetul during the mid-course phase of
the target’s flight. This is obviously the
phase in which HOE was used against
tts Minuteman target. One advantage a
kinetic weapon might (with proper
construction) provide during this phase
is that it might still be operational after
engaging a balloon or other light-weight
decoy. If so. it could then continue to
seek a “‘real’’ target from the many
available incoming targets. Obviously.
making the missile and its deployable
shield strong enough would add weight.
but within levels that would probably
prove acceptable. A second challenge in
the design of this type of defensive
weapon would be the inclusion of some
sort of “"claiming’" system that would
allow missiles to communicate to
prevent two from engaging the same
target. This would require the kind of
sophisticated electronic systems that
VHSIC and post-VHSIC chip densities
will enable.

Kinetic weapons would be less
practical (although still feasible) for the
final (re-entry) layer of the defensive
network. We shall see why when we
discuss nuclear weapons.

The weapons that seem to get the
most attention in the press are beam
weapons. Images of Darth Vader and
the Imperial Hordes. 1 suspect that most
of the beam weapons will prove less
practical than many think. Particle
beams appear to offer the most lethal
capability for destroying a target. but.
barring some incredible breakthrough in
accelerator technology. they are simply
too large and cumbersome to be
practical. Were we able to move a
quarter-mile long. 500-ton linear
accelerator into space (and repeat that
operation hundreds of times). it is
doubtful that we could develop the
ability to aim such a behemoth as
quickly as the strategic scenario would
require. Even then, we would still have
the problem of the warping of beams
due to the earth's magnetic field. There
are more realistic avenues to pursue.

Chemical and excimer lasers offer
more promise. but not a lot more.

CONTINUED NEXT PAGE
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Because of the power required for
either, space-based lasers would be
extremely bulky. They are *fast™
enough (operating at the speed of light)
that they could be placed in
geosynchronous orbit. which would
make them less vulnerable than kinetic
missile staellites. but that would still not
eliminate the weight problem.

Also of concern is the fact that
chemical and excimer lasers would have
to be focused on one spot on a missile’s
hull for anywhere from one to eight
seconds, depending upon the type and
intensity of the beam. This would make
them easily counterable through the
simple mechanism of rotating an ICBM
during flight.

Euch would also require (regardless
of whether they were ground-based or
orbital) aiming minors of anywhere
from 25 to 100 feet in diameter. These
mirrors would have to be capable of
rapid movement from target to target.
One alternative to mirrors clearly worth
considering is staring mosaic sensor
arrays. a dynamic area about which
little has been heard in the last few
years.

Perhaps their very impracticality is the
reason lasers are so widely discussed. If
they really offered potential. they would
be classified. A lot has been said about
the edge the Soviets have in the area of
lasers. having outspent us by better than
3-to-1 during the last decade. but the
impracticality of chemical and excimer
lasers may be such that theirs might be a
futile investment.

But there is one form of laser that
does offer significant potential. the
pumped X-ray laser, which takes its
power from a small nuclear blast that is
converted to directed energy before it
destroys itself. Little is publicly known
regarding X-ray lasers. It is well
established that they can be reasonably
compact and lightweight. that they do
not require any measurable time on
target to effectively destroy that target,
and that they require must less precise
aiming.

They could be ground based for use
in terminal defense, but their light
weight makes them ideal for boost

phase use and for mid-course use.
Against targets in the boost phase.
pumped X-ray lasers mounted on
missiles could be fired from submarines
off the Siberian coast or in the North
Atlantic. Some might feel that flight
across Europe might be a less likely
trajectory for Soviet missiles. but we
must consider all altenatives, We
should also consider the extent to which
we could extend our shield to NATO
allies. They could also be launched
from ground sites in Europe or Alaska.
Launchers could possibly be located on
a permanent basis in deep water near
the Soviet shoreline or under the polar
ice cap. (It is worth noting that the
Soviets apparently have the capability of
launching missiles through the polar
ice.) Missile Jaunched lasers would be
equally effective during the mid-course
phase. Because they are lightweight. X-
ray lasers for use against missiles in the
downward portion of their
exoatmospheric trajectory could be
mobile-based. in perhaps large trucks or
railroad cars. Ground-based they would
be effective during re-entry.

But there is another alternative for re-
entry. and that is. as we mentioned
before. nuclear weapons. The
suggestion of nuclear weapons for
defense will generate some strong
reactions. but some questions must be
raised. The primary one is whether we
wish to base our entire defensive effort
on the assumption that an aggressor will
attack us only with nuclear warheads. It
1s no secret that the Soviets have
invested enormous sums in the
development of biological or “*germ™”
weapons. ]t would be unrealistic for us
to assume that they would never use
them. Our fina! echelon of defense will
prove highly ineffective if its
destruction of an incoming missile only
aids in the dispersion of that missile's
biological contents. A nuclear defense
would eliminate this threat. A small
nuclear blast could effectively destroy
any germs its target contained.

The blast would not have to be large.
Dr. Teller has indicated a 100-ton
equivalency would be adequate. Other
experts have concurred that at a

reasonable altitude (in excess of several
miles) such a blast would present Jittle
problem even for those directly beneath
it. Even if their estimate were in error.
it should be obvious that such a blast
would create far less damage than an
incoming multi-megaton ICBM that was
allowed to explode.

Other alternatives at this point are
possibly less safe. Kinetic missiles
would not prevent salvage fusing from
allowing the ICBM to accomplish its
objective despite its destruction.
Insufficient data exists relative to
pumped X-ray lasers, but they are likeh
to be effective against biological
weaponry. What must be established is
their effectivity relative to salvage
fusing.

CONCLUSION

One other point must be made
regarding the potential technology
for SDI. Most of it falls in areas in
which we have a significant lead over
the Soviet bloc. They are good at
building ICBMs. which require
relatively unsophisticated electronics and
cheap available labor. SDI. on the other
hand. requires sophisticated technology
and highly skilled labor. It requires
highly advanced sub-micron integrated
circuitry. innovative computer and
signal processor architectures. precision
sensors. advanced guidance systems.
and an extreme level of technological
ingenuity. We are ahead of the Eastern
bloc in all these areas. but in none as
dramatically as the last.

Our engineering creativity may be our
greatest asset. We have the manpower
and the computer skills that allow us to
address the SDI concepts from the
perspective of technology that exists
today and technology that can be
evolved from it. Ultimately. if we are
able to say that SDI is a workable
concept. it will be because we will huve
applied ourselves to the determination of
technical fact. rather than allowing
ourselves to be dissuaded by premature
and misdirected rhetoric.
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PRESIDENT REAGAN
On The

Strategic Defense
Initiative

Since the advent of nuclear weapons, every
President has sought to minimize the risk of
nuclear destruction by maintaining effective
forces to deter aggression and by pursuing
complementary arms control agreements. This
approach has worked. We and our allies have
succeeded in preventing nuclear war while
protecting Western security for nearly four
decades.

Originally, we relied on balanced defensive
and offensive forces to deter. But over the last
twenty years, the United States has nearly
abandoned efforts to develop and deploy
defenses against nuclear weapons. relying
instead almost exclusively on the threat of
nuclear retaliation. We accepted the notion that
if both we and the Soviet Union were able to
retaliate with devastating power even after
absorbing a first strike, that stable deterrence -
would endure. That rather novel concept
seemed at the time to be sensible for two
reasons. First, the Soviets stated that they
believed that both sides should have roughly
equal forces and neither side should seek to
alter the balance to gain unilateral advantage.
Second, there did not seem to be any
alternative. The state of the art in defensive
systems did not permit an effective defensive
system.

Today both of these basic assumptions are
being called into question. The pace of the’
Soviet offensive and defensive buildup has
upset the balance in the areas of greatest
importance during crises. Furthermore, new
technologies are now at hand which may make
possible a truly effective non-nuclear defense.

For these reasons and because of the
awesome destructive potential of nuclear
weapons, we must seek another means of
deterring war. It is both militarily and morally
necessary. Certainly, there should be a better
way 1o strengthen peace and stability, a way to
move away from a future that relies so heavily
on the prospect of rapid and massive nuclear
retaliation and toward greater reliance on
defensive systems which threaten no one.

On March 23, 1983, I announced my
decision to take an important first step toward
this goal by directing the establishment of a
comprehensive and intensive research program,
the Strategic Defense Initiative, aimed at
eventually eliminating the threat posed by
nuclear armed ballistic missiles.

The Strategic Defense Initiative (SDI) is a
program of vigorous research focused on
advanced defensive technologies with the aim
of finding ways to provide a better basis for
deterring aggression, strengthening stability.
and increasing the security of the United States
and our allies. The SDI research program will
provide to a future President and a future
Congress the technical knowledge required to
support a decision on whether to develop and
later deploy advanced defensive systems,

At the same time. the United States is
committed to the negotiation of equal and
verifiable agreements which bring real
reductions in the power of the nuclear arsenals
of both sides. To this end. my Administration
has proposed to the Soviet Union a
comprehensive set of arms control proposals.
We are working tirelessly for the success of
these efforts, but we can and must go further in
trying to strengthen the peace.

Our research under the Strategic Defense
Initiative complements our arms reduction
efforts and helps to pave the way for creating a
more stable and secure world. The research that
we are undertaking is consistent with all of our
treaty obligations. including the 1972 Anti-
Ballistic Missile Treaty.

In the near term, the SDI research program
also responds to the ongoing and extensive
Soviet anti-ballistic missile (ABM) effort.
which includes actual deployments. It provides
a powerful deterrent to any Soviet decision to
expand its ballistic missile defense capability
bevond that permitted by the ABM Treaty.
And. in the long-term, we have confidence that
SDI will be a crucial means by which both the
United States and the Soviet Union can safely
agree to very deep reductions. and eventually,
even the elimination of ballistic missiles and
the nuclear weupons they carry.

CONTINUED NEXT PAGE
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Our vital interests and those of our allies are
inextricably linked. Their safety and ours are
one. They, too, rely upon our nuclear forces to
deter attack against them. Therefore, as we
pursue the promise offered by the Strategic
Defense lnitiative, we will continue to work
closely with our friends and allies. We will
ensure that, in the event of a future decision to
develop and deploy defensive systems—a
decision in which consultation with our ailies
will play an important part—allied, as well as
U.S. security against aggression would be
enhanced.

Through the SD! research program. | have
called upon the great scientific talents of our

country to turn to the cause of strengthening
world peace by rendering ballistic missiles
impotent and obsolete. In short, I propose to
channel our technological prowess toward
building a more secure and stable world. And 1
want to emphasize that in carrying out this
research program, the United States seeks
neither military superiority nor political
advantage. Our only purpose is to search for
ways to reduce the danger of nuclear war.

As you review the following pages. I would
ask you to remember that the quality of our
future is at stake and to reflect on what we are
trying to achieve—the strengthening of our
ability to preserve the peace while shifting
away from our current dependence upon the
threat of nuclear retaliation. I would also ask
you to consider the SDI research program in
light of both the Soviet Union’s extensive.
ongoing efforts in this area and our own
government's constitutional responsibility to
provide for the common defense. | hope that
you will conclude by lending your own strong
and continuing support of this research effort—
an effort which could prove to be critical to our
nation’s future.
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‘Star Wars’ Advances:
The Plan vs. the Reality

By LESLIE H. GELB
Special to The New York Times
i

WASHINGTON, Dec. 14— More than
two and a half years after President
Reagan broached the idea of a space-
based defense, many Administration
experts and critics alike remain uncer-
tain about the consequences of such a
defense for nuclear strategy and arms
control. Yet almost all in the Govern-
ment are going along with the program
and, as a resuilt, it has moved forward
sigrificantly in the past six months.

Weapons in Space

How Program and Debate
Are Moving Ahead

First of three articles.

Indeed, the prevailing view now is
that it will become harder and harder
to turn back — even though Adminis-

tration officials and legislators ac- -

knowledge that there is deep confusion
about the purposes and consequences
of “*Star Wars,” as the proposed sys-
tem is popularly known.

‘Despite the gathering momentum,
key Administration officials say the
program hds not reached the point of
no return. They say they are waiting
for the opportunity to get the President
to authorize measures that will take it
even further before he leaves office in
1989, so his successor will be more or
less compelled to forge ahead.

The first clear-cut result of the pro-
gram seems to be that the world of the
Antiballistic Missile Treaty of 1972, a
world essentially without defenses
against missile attack, will never be
the same.

The conditions of that world, with the
United States and the Soviet Union
each limited to one missile defense

site, are being eroded by the new tech-
nology and treaty loopholes. Both sides

are exploiting treaty ambiguities, al.
- though each says it believes the other is

more guilty of this.

The result is the development of anti-
tactical ballistic missiles, antisatellite
weapons and large radars, All of these

improve antiballistic missile capabil-
ities, the very thing the treaty was
framed to severely limit.

Strains in Administration

The summit meeting between Mr.
Reagan and Mikhail S. Gorbachev, the
Soviet leader, made no progress in this
respect. And, for all the apparent
agreement at the top of the Reagan Ad-
ministration, there are serious internal
strains over how to proceed.

Several key officials acknowledge
that Administration goals are still sus-
pended somewhere between Mr. Rea-
gan’s dream of total defense of the
American people from missile attack
and the more proximate prospects for
improving deterrence or protecting
missile retaliatory forces.

Officials also acknowledge that a
struggle is beginning over how to meas-
ure the ultimate cost-effectiveness of
space-based defenses.

In particular, they point to a fight

};&ewing between Defense Secretary
Gaspar W. Weinberger and his key
sides on one side and Paul H. Nitze, the
&ate Department’s senior arms-con-
irol adviser, on the other. In recent
iangressional testimony. Mr. Weinber-

wédrteveled a broadside against Mr.'

Nitze’s insistence that defenses ulti-
anately be judged in terms of their cost
-nd effectiveness against offenses.

The President and most of his top
Hides are also trying to make ceriain
that no future arms-control agreement
will close off the Strategic Defense
Tnjtiative, the formal name for the
" Star Wars'' prograim.

wriven Mr. Reagan’s opposition to

oinpromise on the Strategic Defense
{nitiative, officials who work for him
<ngage in a kind of muted shadow-box-
1ig. Most refuse to contemplate negoti-
Ating restraints on “‘Star Wars’ with
Moscow, some in the hope that this will
%ill off prospects for an arms control
prucess that they believe harms Amer-
ican interests. Some State Department
officials want to use ““Star Wars'’ as a
bargaining chip for cuts in Soviet offen-
sive forces. .
But it is clear from conversations in
washington and Moscow that neither

A THREE-PART SERIES

TODAY: PART I
WEDNESDAY: PART II
THURSDAY: PART III

i -se ufficials nor Soviet officials have
nigured out how to limit research and
<lose treaty loopholes, if that were
rnutually desired. Those tasks are un-
derstvod by most to be exceadingly
complicated.

The parties within the Administra-
Jon and Congress to these various dis-
rutes — over the goals of defending
neople or weapons, standards for judg-
ing prospects and arms control — have
reachred a kind of equilibrium. Neither
.ide prevails. The result is that the es-
1yflished policy and the programs chug
tpght along, more slowly than if there

re unity, but forward nonetheless.

d even some Soviet officials wonder

loud whether the march toward de-

nses can be stopped.

fhe single most compelling reason
snr this is the force of Mr. Reagan's

ommitment and vision of transform-
¢ nuclear strategy from deterrence
<ed on the threat of retaliation to
sce based on effective defense. Ad-
Emztration skeptics say they dare not
ybesiion this vision. Legislators raise
plebty of questions, but say they think
it nacessary for reasons of prudence
and politics to approve funds to keep
he iptiative going.

Iiwre is also the cloudiness of the
vrities’ position. The critics say they
i.avor only research, and the Adminis-
tration responds that it is doing only re-
seurch. The critics say defenses are
unaffordable, unworkable and bad, but
that case is hard to make conclusively
hefore more research is done.

And there is the allure of exotic tech-
nologies. So much that seemed impos-
sible in the past is now a reality. Busi.
nesses and research institutions are
bering drawn into the space.research
-bit by lucrative contracis. European
z#1hes who express alarm about arms
controland the undermining of alliance
~trategy are tantalized by the research
muney and technology.

But there are also countervailing
pressures. In particular, Congress and
tae Administration wili be wrestling
»ith increased efforts to cut military
spending generally.

. Nopetheless, the consensus is that a

cuntfpuing and probably extensive re-

sealch effort is virtually inevitable.
x is particularly true as long as the
{iet Union also seems bent on some
.t of space- or land-based missile de-
nse, though the precise nature of
iiat that is remains unclear.
Representative Les Aspin, Democrat
* Wisconsin, chairman of the House
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~med Services Committee, says the
- vrmitment (o 8.10.1. has grown sub.
wiially, even though its feasibility
I good sense have been no better
uonstrated today than they were
y:jhgn the President first spoke of the
idew,"

“There's the feeling that there's no
really big decision to make now be-.

cause it's just a research program,” he -

said. “So all we're really doing is tak.
ing the propnsed S.D.I, budget and
trimming it back strictly on grounds
that Mr, Reagan is asking for big in-
vreuses each year and that it isn’t wise
ty have such large increases at the ini-
tial stages of a advanced technological
pregram, )

“Given all the factors, we have no
rest uther choice than to dp this, which
tnvans keeping the program going but
at a slower pace,” '

In the process, Mr, Aspin said, ‘“‘the
real danger is that we will end up de-
stroying the idea of deterrence without

auhieving the perfect world of de- -

tense,”

In March 1983, when Mr, Reagan
began his program, he attacked the
traditional theory of deterrence by re-
taliation as immoral and unreliable,
His goal was grand, to make nuclear
weapons “‘impotent and obsolete,”

Several Administration officials now
acknowledge that this went toc far too
fast, Even if Mr. Reagan’s vision
comes to pass, it might be 20 years or
more away, In the meantime, the
United States would have to rely on of-
fensive forces and deterrence through
retaliation. So, officials say, they
began to tone down their public state-
ments somewhat, to “‘enhancing deter
rence.” Along the way, the goals were
left in some confusion,

On May 30, according to the officials,
Mr. Reagan issued National Security
Decision Directive }72. It states blunt.
ly, “UJ.S. policy supports the basic prin-
ciples that our existing method of
deterrence and NATQ's strategy of
flexibie response remain fully valid,
and must be fully supported as long as
there is no more effective alternative
for preventing war.”

Based on this, the Administration
published a special report in june, At
one point, in accord with the directive,
it proclaimed that ‘‘successfl S.D.1.
research and development of defense
options would not lead to abandonment
of deterrence but rather to an enhance-
ment of deterrence and an evolution in
the weapons of deterrence through the
contribution of defensive systems.”

But the original goal also found its
way into the report; “The purpose of
the defensive options we seek is clear
— to find a means to destroy attacking

ballistic missiles before they can reach .

any of their potential targets.”
The emphasis, the report says, is gn
© “elimjnating the general threat posed
by ballistic missiles.” -

What to Defend:
Missiles or People?

Tucked away inside this larger de,

bate is a more immediate question,
.namely whether initial ‘*Star Wars"

deployments should be used to defend

missile silos and other military targets

or whether they should defend pegple.
Administration officials are at pains
to deny that they have any intent of

‘tuning Mr, Reagan’s vision away

from defending people toward defend.
ing weapons. Many of them say they
feel this would kneck the bottom out of
public support for the effort, But some
legislators, like Mr., Aspin and Senator
Albert Gore Jr., Democrat of Tennes-
see, maintain that protecting military
targets is the real goal,

Talking of the first stages of deploy-

" ment, Fred C. Ikl¢, Under Secretary of

Defengse for Policy, said, ‘“The first im-
pact of ballistic missile defense of the
new technology rather than the tradi-
tional defense will be to make it more
difficult for the aggressor to destroy all
missile silos and command and control
centers,”’

The publicly expressed concerns and
the logic of Administration policy have
tended to go more in the direction of de-
fending military targets from the
beginning. When President Reagan
spoke of ‘‘the window of vulnerability™
in his first years in office, that is what
he meant - that American missiles

and command centers were vulnerable

and needed to be defended. This prob-
lem has never been salved, although
two years ago a Reagan commission on
strategic forces said that the problem
pever existed in the first place,
Nevertheless, many top Administra-
tion officials call this their No. 1 strate-

gic worry, and say missile defense is .

the only answer.

They reason that the best way to
solve this problem is to get Moscow to
get rid of its large land-based missiles,
but the Russians will not go along.

A second possible solution is to de-
ploy mobile missiles, which would be
less vulnerable. But the Administra.
tion has proposed banning these be-
cause Moscow would have an adyan-
tage, being able to deploy them any-
where in the Soviet Union,

. A third possible solution is greater
reliance on submarine-launched mis-
siles. But there is no telling how jong
submarines can remain invulnerable,

That Jeaves Washington, according -

to this reasoning, with its fourth and
last option; defending its missile sites.

A senior Administration arms con-
trol adviser said in an interview that
“without §,D).1, we have real problems
sustaining deterrence,”

Still, he went on to reject the fourth
option, which is sometimes ecalled
hard-site or point or terminal defense,
as impractical.’

“Once you’re iinto this, there is no
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it were to be space-based rather than
ground-based,”

In the absence of further offensive
agreeinents, this adviser and others
argued that laying the basis for papula-
tion defense could ultimately force
each side into offensive buildups.

Like others, this official rejected out-
right the idea of limiting such a system

. to ground-based defenses. He said he

thought Moscow, which has had more
experience with these defenses, would
have an unacceptable advantage. This
official and others said Soviet officials
have been quietly expressing interest
in such a deal. Interviews with Soviet
officials did not substantiate this.

Buying the Most

For the Money

Even as the debate over protecting

peaple or weapons continues, a new

and equally portentous one is brewing
over judging progress on research. Mr.
Reagan’s May directive says, “Within
the S.D.I. research program, we will
judge defenses to be desirable only if
they are survivable and cost-effective
at the margin.”

Whether the system will be able to
survive an attack is a question that will
not be answered for some time. In the

meantime, “‘Star Wars" progress was

be determined by whether research
ould show that it would be cheaper at
e margin — that is, after all the
sics are paid for — to add a unit of
efense or an offensive warhead. The

. notion here is that if adding offenses

would be less expensive, defenses
would make no sense.

Mr, Nitze, the State Department’s
senior arms-control adviser, first used
this criterion a year ago as a key test of
the system’s prospective cost-effec-

. tiveness.

But on Oct. 31 before the Senate For-
eign Relations Committee, Defense

- Secretary Weinberger was asked about

this idea. He responded: “Well, I have
to say, Senator, that I really do not
know what cost-effective at the mar-

means. It is one of those nice
phrases that rolls around easily off the
tongue and people nod rather approv-
ingly because it sounds rather pro-
found.

“l have the greatest admiration for
Ambassador Nitze, but I do not know
specifically what he has in mind with
that. If he means is it less expensive to
bujld strategic defenses than continu-
ally to engage in trying to add offensive
systems, I would say the syllogism
proves itself. It is clearly less expen-
sive because the defense can in effect
witimately, if it is as effective as we

. hope it is, make it quite apparent that

rther offensive systems are not use-
"

| Mr. Weinberger added: ““I cannot

tonceive of strategic defense being

Eore costly than the constant need to
A, H and
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Navy asks U.S. court to bar Jersey line from shipping cargo to IcelandA

WASHINGTON (AP)—The Navy
asked a federal appeals court yesterday
td stop a tiny New Jersey shipping firm
from continuing to carry military goods
to Iceland, citing a diplomatic dispute
that Secretary of State George Schultz
claimed threatened relations with the
strategically located island nation.

Government lawyers asked the .

District of Columbia Circuijt of U.S.
Court of Appeals to overturn a lower
judge and reinstate the Navy's decision
to ban Rainbow Navigation Inc. from
carrying military cargo to a NATQ
base at Keflavik, Iceland.

Navy Secretary John Lehman Jr.
suspended the Red Bank, N.J,, carrier’s
exclusive right to the route in Septem-
ber, citing a never-before-used provi-
sion of the 1904 Cargo Preference Act
that gives U.S. merchant ships the first
crack at carrying U.S. military sup-
plies. The provision exempts U.S. ships

tha. ~harge “‘excessive or otherwise un-

reasoiable” rates.

Rainbow operates a single, 300-
foot freighter, which sails exclusively
to Ieeland and, before the Navy's inter-
vention. carried about 85 percent of the
military goods shipped to the base at
Keflavik. The cargo represents up to 20

ercent of all ocean trade between the
8. and Iceland.

Alleging Rajnbow’s rates were too
high, the Navy secretary opened the
trade to three Icelandic lines.

But Rainbow lawyer Frank Costel-
lo told the appeals judges that Lehman
based his decision not on rates, but
after consultation with Schultz and De-
fense Secretary Caspar Weinberger. -

Schultz and Weinberger, the law-
yer alleged, were pressured by Icelan-
dic officials who want their ships to
handle 100 percent of the U.S. trade.

If Iceland doesn’t get its way, Cos-
tello charged, officials have threatened
to close the critical Keflavik base. The
threat was denied by two Icelandic dip-

omats after the hearing. _
fom But neither Icelandic nor U.S. offi-
cials dispute Lehman’s action came
after Icelandic officials complained
about Rainbow’s intrusion in the is-
land’s economy. Schultz, in an affidavit
filed in the case, said Rainbow was "2
major irritant in U.§-Icelandic rela-
tions.¥ o
Schultz told U.S. District Judge
Harold Greene, who overturned Leh-

.man's order, that allowing Rainbow to

carry the majority of U.S, military
ﬁoods to Keflavik was angering Icelan-
ic officials. .

The Keflavik base is crucial to
NATO'’s defense of North Atlantic sea
lines and te the United State's ability to
reinforce and resupply troops in Eu-
rope, Schuitz said. In addition, the base,
manned by 3,500 U.S, troops, offers a
critical surveillance point for Soviet

ships and ajreraft, according to offi-

cials at the leelandic embassy here,
. “The United States’ relationship
with lceland is extremely important to

our country,” said Schultz, warning the
dispute could result in “retaliatory ac-
tion by the government of Iceland.”

reene rejected the arguments by
Schultz and the Navy, ruling Rainbow's
cargo rights could be suspended only
for excessive rates.

But Navy lawyer Peter R. Maier
asked the appeals judges to overturn
Greene, arguing the Navy weighed both
economic and foreign policy grounds in
acting against Rainbow,

Costello said Rainbow's rates were
lower than or comparable to:other ship-
pers on smal) lines.
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now talking about developing its own
lnwlupous against medium-range mis-
o5, M
“The great loophole in the ABM
Treaty,” Mr. Smith said,-*is pot
whether it permits the development of

the development
gies, antiballistic missile capabilities
will increase significantly on both sides
in the coming decade.
NEXT: The rift among *‘Star Wars*'
researchers. :

On March 23, 1983, President
Reagan called on American
scientists to find ways to erect a
missile defense shield in space to
render nuclear weapons ‘‘impo-
tent and obsolete.” )

1n the months that followed,
Lis proposal, formally called the
Surategic Defense Initiative and
popularly called “Star Wars,”
began to be envisioned as one of
the biggest research projects of
all time, a five-year, $26 billion

10 ‘undertaking bigger than the

Manhattan Project for -the
atomic bomb or the Apollo pro-
gram to put men on the moon.

The space ‘“‘shield” would not
really be a shield but rather a
complex network of systems, in-

cluding laser beams, particle
- beams, electromagnetic ‘‘sling-
shot” rail guns and sensing,
mtracking and aiming devices, all
- Tequiring extraordinary coordi-
~nation at many different levels
~nd stages. Many questions
#ubyu. the program arose.

“. Last March, The New York
Times published a six-part

wa

series of articles exploring these
questions. 1t reported, amon
other things, that a move towarg
a new era of strategic thinking
and puclear competition had
begun; that the roots of the
American effort went deep into
past decades; that an experi-
mental laser station already ex-
isted in California’s mountains;
that Soviet research, too, was
forging ahead; that defensive
space arms could also be used
offensively with devastating ef-
fect, and that many answers still
seemed ¢lusive ahoyt the plan's
ultimate wisdom and feasibility.
Since that time, there have
been several key developments,
including a summit meeting be-
tween the superpowers in
Geneva at which *“Star Wars”
was a principal topic of discus-

sion and dispute.
This three-part series

. those events and reports

tant new developments
“Star Wars” plan and '
tional debate over it
ahead -
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4 **Star Wars’’ system were found to be
more costly, he said, “No sir, I would
not, because I would think the addi-
tional cost in protecting people’s lives,
in protecting this nation, would be far
worth anything that it would cost.”

Richard N. Perle, Assistant Secre-
tary of Defense for International Se-
curity Policy, sought to explain this
further in an interview by saying that
Mr. Weinberger “just did not want
cost-effectiveness to be the sole criter-
ion, and that he wanted to make people
see the difficulties in interpretation of
cost-effectiveness.”

Mr. Gore said: *“Any decision to dis-
card this criterion would strip the pro-
gram and the concept of its last shred
of intellectual legitimacy. It would only
stimulate a race to deploy offensive
countermeasures. This was the realiza-
tion that led us to the ABM Treaty in
the first place. If they do this, they're
saying, ‘Damn logic, damn reasoned
debate, full speed ahead!’ ”

Strategy Switch:
Offense to Defense

As these problems are resolved, the
Administration will also have to tackle
the question that has given official
planners the most trouble: namely,
how to make the transition from a
world dominated by offensive nuclear
forces to one dominated by defenses.

For four decades, deterrence has

rested on the idea that no matter which
side struck first and no matter how
vigorous the blow, the other could and
would retaliate with a devastating
blow. Thus, both would know there
could be no meaningful victory, and
neither would strike first.
" The Administration contends that
deterrence: based on the threat of
mutual annihjlation is immoral. Fur-
ther, it insists that technologies in the
making will allow Moscow to make
first strikes that could be successful.

The transition period, in which the
Administration envisages a combina-
tion of offenses and defenses, could last
10, 20 or 30 years. And in the opinion of
many, like Mr. Aspin, this period
“would be far more dangerous and un-
stable than anything we've lived
through so far.”

The nightmare some imagine is that,
for the first time, nuclear war might be
made thinkable, and military planners
would be able to calculate nuclear vic-
tory as follows: a first strike that
knocks out more than 90 percent of the
victim’s offensive nuclear forces, plus
defenses good enough to blunt most of
what remained for a retaliatory blow.

Mr. Iklé and Mr. Perle say defenses
will make nuclear war less thinkable,
not more so. “From the moment de-

alrvrmmsncet ol DB .9 mm_

"and civilian planners in the Adminis-
tration it appears that, as one of them
put it, “We have not begun to think
about, let alone explain to others, ex-
actly what combinations of offenses
and defenses would end up making the
balance more or less stable.”

Besides, the general view among
these experts is that the transition
from offenses to defenses could not be
made safely without Russian coopera-
tion.

Getting Moscow
To Go Along

The Administration’s public position
on getting Soviet cooperation is upbeat.
Mr. 1klé said agreement ‘“‘won’t come
soon,”” but added, *‘In the long term, it
is far more plausible that the Soviets
will agree with us on the new strategic
order that eliminates mass destruction
of the Soviet Union if nuclear war were
to break out.”

To bring Moscow along, Mr. Reagan
has offered to share “‘Star Wars’’ tech-
nology, although in private conversa-
tions, few in the Administration say
this would be plausible.

Mr. Reagan has also ordered that all
‘‘Star Wars’’ programs be conducted in
accordance with a “strict interpreta-
tion” of the Antiballistic Missile
Treaty. Even critics of the program
concede that this stricture has been fol-
lowed — with the arguable exception of
one or two planned tests. The ‘Star
Wars”’ testing program has been lim-
ited to subcomponents, as distin-
guished from antiballistic missile com-
ponents or systermns themselves.

This stricture has been followed de-
spite the Administration’s assertion
that the treaty actually allows develop-
ment and testing of components and
full systems of the new technologies.

° Many arms experts dispute this in-
terpretation, among them Gerard C.
Smith, the chief negotiator of the
treaty. .

In any event, Mr. Reagan tried to
convince Mr. Gorbachev of the virtues
of space-based defenses at their meet-
ing in Geneva last month. By all ac-
counts, he got nowhere. Moscow’s posi-
tion remains that it will agree to cuts in
strategic nuclear forces only if Wash-
ington agrees to restrict ‘“‘Star Wars”’
to laboratory research. ;

As far as Mr. Smith is concemned,
these positions will continue to block a
treaty. A sizable number of Adminis-
tration officials agree with'him. *‘The
alternatives are clear: arms control.or
& shot at developing defenses,” Mr.
Smith said. “As long as the President
sticks to his position, we will have no
arms treaty.”

Even if Moscow were to show inter-

ant in cacntliatine e toamaltine fonsn A8

pletely. We could discuss the transition
only in the broadest terms.”

The betting inside and outside the
Administration is that Moscow’s most

likely response to ‘‘Star Wars" devel-
opment will continue to be threats of
more missile deployments. That view
was bolstered inadvertently in a letter
Mr. Weinberger sent to Mr. Reagan
just before the summit meeting.

In it, Mr. Weinberger wrote that if
Moscow were to deploy defenses,
‘‘even a probable territorial defense,”
such a development ‘‘would require us
to increase the number of our offensive
forces.”” This stands in direct contrast
to the Administration’s public position,
a basic principle of its negotiating
stance, that defenses should make it
easier to reduce offensive forces.

The Future
Of Arms Control .

With the arms talks stalemated, one-
sided decisions by both nations and the
march of technology are moving to
erode the old order of the Antiballistic
Missile Treaty, the world in which the
superpowers agreed to maintain peace
through the threat of mutual annihila-
tion rather than through defenses.

That was a major conclusion of a re-
cent report by the Office of Technology
Assessment, a research arm of the

. “‘The inherent limitations of
ianguage and the rapid pace of tech-
nology,’” the said, ‘“‘make it im-
possible to develop clear, unambiguous
and objective standards by which to
meassure all possible research pro-
grams’’ covered by the treaty.

One of many examples the report
cites is one element of the space-based
defense system called the ‘‘airborne
optical adjunct.” The Pentagon plans
to test this elemeat to determine the
feasibility of using optical sensors from
an aircraft. Calling the element an ad-
junct or a subcomponent, the report
says, ‘‘depends less on objective deter-
minations of capability than on how one
defines those terms.”

The report also notes Moscow’s de-
ployment of a radar at Abalakovo, in
Siberia. Administration officials say
the installation is a ballistic-missile
early warning radar and say it violates
the treaty stipulation that such radars
can be situated only on the peripheries
of the two nations.

The treaty permits space-tracking
radars to be placed anywhere, and does
not define the two kinds of radars. Mos-
cow insists the Abalakovo radar is for
space tracking and is thus not a treaty
violation. There is no disputing the fact
that the deployment of such radars in
numbers in both oountrics would
clearly defeat the purpose of the treaty.

Also, because the treaty only limits
defenses against strategic, or lotg
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By CHARLES MOHR

Special to The New York Times
WASHINGTON, Dec. 16 — The de-

bate over the “‘Star Wars’ missile de-

fense program is increasingly shifting

to arguments about its real ‘military

value, as opposed to its mere technical
feasibility. -

We_apons in Space
How Program and Debate
Are Movmg Ahead

Last of three arucles

Would a space- and land-based shield
against missiles offer meaningful pro-
tection to the United States? Or, even if
it were to become scientifically plausi-
ble, would it, instead, weaken Amer-
ica’s military power?

Most experts agree that present and
prospective Soviet actions will bear
heavily on the answers.

But whatever those answers are they
will be crucial to what Lieut. Gen.
James A. Abrahamson, director of the

Strategic Defense Initiative Organiza-
tion — the official name for the Amer-
ican missile-defense research program
— says will ultimately ‘‘be the most
complex and complicated decision
ever faced by an American govern-
ment.!”

And John E Plke a space analyst for
the Federation of American Scientists
who is generally critical of the pro-
gram, agrees. He adds, however, ‘It is
roughly comparable to the Hayes Ad-
ministration’s trying to decide if it
wanted to buy an air force.”

1n most cases, the exact nature of the
Soviet response to, “‘Star Wars"” and
when the response will materialize is

still incertain and under dispute.

In a recent interview, General Abra-
hamson said the ‘“‘only responsible”
course, at least as the future looks now,
is for the Kremlin to seek countermeas-
ures that might baffle, or at least de-
grade, .an American defense. ‘‘They
are certainly going to try,” he said.

In Moscow today, a Soviet military
specialist today.outlined possible coun-
tersteps to turn United States space de-
fense systems into ‘‘useless junk.’’ The

Pentagon had no immediate reply to
the writer’ contention that Soviet

. countersteps, including dummy mis-

siles and coated rockets, could cost *‘1
or 2 percent” of the cost of a “Star
Wars” system.

A consequence of American expecta-
tations of the Soviet response, accord-
ing to the general's key deputies, is that
an analysis is now being done to see
how a “‘Star Wars’’ defense could be
most seriously threatened or damaged

by Saviet countermeasures and tactics.

An example is a new study of space
weapon platforms to see if their
maneuverability can give more protec-
tion than hardening the weapons with
protective armor. Another study seeks
to find how a ‘‘shoot back” system
meant to protect itself from attack
might work in combat.

There is widespread agreement that
the Soviet Union has been conducting
large-scale research on some advanced
missile defense technologies since the
1960°s, and that the effort is determined
and expensive,

But most experts in Soviet affairs
and strategic issues continue to say the
greatest short-term danger is not
Soviet emulation of the Amerlcan
“Star Wars’' program.

Rather, they say, a greater threat is
that the Soviet Union would elect to sig-
nificantly increase the numbers and
striking power of its offensive missile
force, develop a wide array of counter-
measures, and possibly create nation.
wide, more traditional, land-based an-
tiballistic missile, or ABM, systems,
prohibited by the 1972 ABM treaty.

At the summit meeting in Geneva in
November, Mikhail §. Gorbachev, the
Soviet leader, warned that the Soviet
Union would develop countermeasures
it “Star Wars” work continues and the
system is deployed, saying the Soviet
countermeasures ‘‘will be effective,

though less expensive, and quicker to

produce.”

Indeed, there has never been any
ambiguity about Soviet officials’ re-
peated threats of a missile buildup.

In an interview this fall, Marshal
Sergei F. Akhromeyev, chief of the
Soviet General Staff, said of the “Star
Wars’’ testing: ‘‘If this process goes on
we will have nothing to do but to take

' sponsible countermeasures.”” Both

" that must be negotiated.”” He added

_that they can achieve their attack

! possibililty of a nuclear exchange.

%
up retaliatory measures in the field of
both offensive and defensive weap-
ons "
Almost as soon as President Reagan
proposed the “Star Wars” concept, de-
claring in March 1983 speech that his
long-range intention was to make nu-
clear weapons ‘‘impotent and obso-
lete,” the Administration recognized
that a Soviet buildup of offensive arms
*inreaction would be a major problem.
Senior officials have stressed that
the Administration’s hope for a “‘highly
effective’” defense rests in consider-
able part on a mutually agreed reduc-
tion in offensive weapons — a diminu-
tion of the nuclear threat with which fu-
ture defenses would have to deal.

Juggling Offense
And Defense

This does not necessarily contradict
General Abrahamson’s theory of ‘‘re-

could exist at the same time; one na-
tion could reduce its offensive weap-
ons, built up its defensive ones, and at
the same time develop means of coun-
tering its enemy’s defenses.

General Abrahamson said such high
development of defense ‘‘must be done
in the context of dramatically lowering
offensive weapons; this is something

that “‘even partial defense is stabiliz-
ing’’ for Soviet-American relations.

The Administration theory is that de-
fense is inherently gn~ and that, even
if a near-perfect defense is never feasi-
ble, any level of defense will ‘‘enhance
deterrence” of nuclear war.

John L. Gardner, the defensive sys-
tems director under General Abraham-
son, explained this point of view. His
argument is that even a.far-from-per-
fect ballistic missile defense will be
valuable because it will ‘‘decrease the .
confidence of Soviet attack planners

goals,” thus drastically decreasing the

For Mr. Gardner and for almost all
other Administration strategic think-
ers it is an article of faith that the Rus-
sians, planning their attack, would
focus on targeting American strategic
nuclear forces; command, control and
communications centers; the national -
leadership, and other military targets.

Another problem lies in trying to as-
certain at what point exactly the Rus-
sians will respond to American defen-
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Israel’s spying should be of far less concern than the enemy’s

By Marvin Leibstone
WASHINGTON
srael has spied on the United
States — and the United
States has spied on Israel.
But are we listing misde-
meanors or felonies?

If we refer to actual damage to
U.S.-Israeli relations resulting from
last month’s revelation that Jona-
than Pollard, an American, gave
US. secrets to Israel, and recent
accusations that Israel has tapped
into US. embassies and spied on
individual Americans, then Jerusa-
Jem's spymasters are guilty only of
misdemeanors.

That'is why U.S. and Israeli in-
telligence bosses have decided to
keep cool. But it would seem that

any relationship requiring spying
must be teetering on the rocks.

Who is to blame in the Pollard
case? Israel fc: recruiting and run-
ning him? The United States for
making it difficult for Israel to ob-

tain information it might have de-

served outright?

A BIT OF history: In the mid-
1970s, Israel wanted to know the
whereabouts of thousands of M-16
rifles left in Vietnam by South Viet-
namese and U.S. forces. It worried
that these weapons could end up in
the Middle East and asked for infor-
mation from Washington. For
whatever reason, the United States
was slow to help.

the same period, Wash-
ington, concernmed about nuclear
proliferation, asked Jerusalem re-
peatedly for confirmation that Isra-
el could produce nuclear weapons.
Israel’s answers were vague.

The upshot? Israel sent intelli-
gence agents into the field to find
out ahout the M-16 rifles. According
to a US. military official, agents
snooped among Israelis to deter-
mine Jerusalem’s nuclear capabili-

ty.

It would be easy and therefore
tempting to suggest that these coun-
tries do not trust one another entire-
ly, and thus now and then send out a
spy or two. But spying is more com-
plex than that.

THE CURRENT Israeli embar-
rassment points to a significant fact
about spying. Espionage is not only
a method by which information is
obtained. It is a commodity that
brings in a high price and can be as
effective a bargaining chip as an
arsenal of weapons — even among
friends.

- When Israel captured Soviet

Kippur war, it

‘tanks, weapons and communica-

tions equipment from Egyptians
and Syrians during the 1973 Yom
ized that it had
an ‘“intelligence gold mine,” The
United States and other NATO
countries would want to know ev-
erything about such items.

While Israel did not put price
tags on each item, it reminded
Washington that one good turn de-
serves another. Subsequent to infor-
mation on Soviet equi ent reach
ing Washington, U
grants were made to lsrael t.hat
exceeded previous amounts,

From 1973 until 1975, Israel pro-
vided information to the United
States about potential uprisings in

- the Middle East and Soviet involve-

ment. In turn, the United States
gave information to Jerusalem
about Arab terrorists operating out-
side the Middle East.

THE POINT MERE is that
friends can be each other’s clients.
Whether two parties are trading in
bananas, cooking oil or nuclear se-
crets, the items one side wants but
which are not for sale can only be
acquired through theft.

This does not justify Israeli spy-
ing in the United States, or US.
agents operating in Jerusalem. It
suggests that Israel and the United
States spying on each other weighs
much more heavily as “immoral
research” than as treachery.

Some experts say that US.Is-
raeli relations deteriorated during
post-Watergate investigations of
the CIA. Israel watched one item of
information after another leak to
the press. Jerusalem lost confidence
in America’s ability to hold a secret.

By 1975, Israel’s intelligence offi-
cials were passing less than half the

"information sent earlier to US.
counterparts. From the efforts of a

high-ranking U.S, military official
and his Israeli counterpart, with a
U.S. civilian acting as go-between,
American officials learned that Is-
rael was providing new military
equipment to Christian forces in

- southern Lebanon.

THE CIVILIAN acted as a mid-
dleman betweeni Jerusalem and
Washington because Israel did not
trust State Department or CIA bu-
reaucracy with information it want-
ed sent only to America's highest
milit.ag and civilian officials. But

i to a tit-for-tat mentality.
The doors at several mid-level US,
intelligence tiers were closed to Is-

raeli contacts. The coolness lasted .

_ .until 1978, when Israel realized
‘Camp David would be a reality.

Not that closed doors were an
excuse to use Follard to get informa-
tion in the United States. There is
-another reason why the Pollards,
Walkers, Wu-tai Chins and Peltons
of the world succeed as spies, at. least
for a while: You could call it “gov-
ernment oppo

It is a mistake to think that
intelligence agencies operate with
comprehensive plans. More often
than not those plans are shallow.
That is because placing a human

asset close to an mformat.lon target

is difficult.

WHEN IT COMES to obtaining

information, a spy agency, in addi-
tion to getting past security

has to consider electronic surveil-
lance and counter-spies, Moreover,
itis difficult finding a human being
capable of getting the job done. Spies
need to know other languages and
customs, live a false identity and
execute “tradecraft” to perfection.
This requires a super IQ and enor-
mous co

Easyaccesstothetmthxsranem,

the spy business, every CIA director
;admits. So when a Pollard comes

‘around, willing to deliver for cash,
mtelhgence agencies are confronted -
with a striking opportunity. Most tgo -

for it.

One wonders if the CIA: would
turn away an Israeli scientist will-
ing to sell nuclear secrets for, say, an
amount equal to Pollard’s recom-
pense.

WILL ALL THIS eventually de-
stroy US. and Israeli intelligence
relations? Absolutely.not, even if
there are more revelations about

- Israeli snooping. .
' The two countries need eachi oth-
,‘er’s eyes and ears, just as much as |

Israel needs U.S. nioney and weap-

onsand the United States requiresa
powerful Israeli military presence
in the Middle East, -
Besides, the United States has
dumped the Pollard case in a larger
pile of espionage problems.

ashmgtons main mtelhgepee

concern today is not coun

terspying
against Israel but with those who -

might do us harm. The United
States needs to clean un its act
regarding penetrations by the Sovi-

“et Union, China, Cuba and .other
nations more Potcnt.ially malevo- |,

lent than Israel.

® Marvin Leibstone writes for
these pages on national and for-
eign affairs.

n




A 2

PART 11 -- MAIN EDITION -- 19

RESPONSE. .. from Pg,1-SR

sive systems. They have promised to
answer American deployment of a
‘“Star Wars”’ defense, and have also de-

manded an end to all research on
strategic missile defense technologies.

The United States argues that pure
laboratory research cannot be prohib-
ited because it is impossible to verify
such an agreement.

In fact, late this year the Soviets
unofficially acknowledged this. Vadim
V. Zagladin, first deputy chief of the In-
ternational Department of the Commu-
nist Party Central Committee, said the
key was *‘how to draw the line between
basic and applied research,” with the
latter to be prohibited.

Intelligence specialists in the Admin-
istration contend that Soviet research
programs in advanced missile defense
technologies in some casés surpass
United States programs in size and in
possible progress. "

A joint State Department-Defense
Department report this fall on Soviet
strategic defense programs, says that
the Russians “‘could have’’ prototypes
of ground-based lasers to kmock out
ballistic missiles as early as the end of
the 1980’s. But the report added the
more conservative note that an actual,
operationa! Soviet defense shield
“‘probably could not be deployed until
the late 1990’s, or after the year 2000."’

Yet there seems to be some variance
in official American assessments of the
relative progress and status of the
Soviet and United States research. °*
~ Defense Department officials say the
Russians are making a lot of progress,
sometimes citing some form of laser
research. The 1985 version of an annual
Pentagon report made public in March
said the Soviets do not lead in a single
area of defense military technology.

The Rand Corporation, a research in-
stitution that gives analytical advice to

the Air Force, has done a number of

studies of Soviet research programs.
One study, published in May, con-
cerned free-electron lasers, which Gen-
eral Abrahamson has recently identi-
fied as perhaps the most promising
laser for antimisdile defense. These
lasers work by jiggling billions of elec-
trons, free of their atomic nuclei, in
powerful magnetic fields to emit con-
- centrated light beams.

The May Rand report said the Rus-
sian effort was at least equal to the
American one in this field, in terms of
manpower and the ‘depth and
breadth’’ of research in free-electron
lasers. But the report said that Amer-

ican scientists had done twice as many"

experiments, which is the key to verify-
ing a concept, and that they had ob-
tained ‘‘significantly’’ better results.
In contrast, there is little doubt that,
if the first Soviet response to Star Wars
is, indeed, to get more missiles to satu-
rate or overwhelm an American space
shield, the Russians can do so, as they
have working production lines.
Several experts have observed that
from 1980 to 1984 the Soviet Union built
more than 800 new intercontinental

ballistic missiles, while the United

States has not produced any interconti-
nental ballistic missiles for years.

Stephen M. Meyer of the Massachu-
setts Institute of Technology, who is an
authority on Soviet military policy and
a consultant to the Pentagon, says the
Russians probably have about 1,000
missile boosters or rockets stored but
not deployed.

As the debate over likely Soviet re-
sponses has evolved, it has thrown in-
creasing doubt on such concepts as
President Reagan’s declarations that
“Star Wars” technology could be
shared with the Soviet Union.

Because of the asymmetrical nature
of the basing of Soviet and United
States strategic forces, several Amer-
ican analysts say exactly equal levels
of defense would put the United States
at a disadvantage. Echoing this view,
General Abrahamson said this month
that “‘it is imperative that we have a
much more effective defense than they
have.”

If the elaborate space-shield system
is to be put into effect, all agree that it
system must be able to survive an at-
tack, the quality American strategists
call survivability. The experts are also
trying to make the system ‘‘hard,”’ or
resistant to attack.

The Specter
Of Soviet Attack

Col. George Hess, the ‘‘Star Wars™
director for survivability, weapon le-
thality, space logistics and several
other aspects of the program, said that
“survivability of the system is prob-

ably the most critical element to the
success of S.D.1.”

In an interview, Colonel Hess said
one analysis, carried out over the
course of more than a year, has indi-
cated that “‘we can improve the hard-

. ness of a deployed U.S. system with

reasonable levels of expenditures.”
But, he added, ‘This doesn’t say we
can make them hard enough.”

Critics say the system must have
what is called enduring survivability,
or the ability to withstand not only a
large, quick *‘spasm attack’ but also
an attack of attrition.

Attention by outsiders and insiders
has increasingly turned to the vexing
probiem of whether components, even
if their creation is scientifically possi-

ble, can be integrated into an ‘‘opera- .

tionally feasible’” system, in which
many components can be tied toge_ther
in a whole that will not fail in a crisis.

Since spring computer experts have
been debating whether reliable com-
puter programs can ever be written
that will insure that the “‘Star Wars”
defense is trustworthy.

Although public attention has been
drawn more to exotic elements like
death-ray directed energy weapons,
the problem of space logistics, or “the
cost of access to space,”’ is also impor-
tant.

This is particularly true if the final
system requires a constellation of thou-
sands of satellites and many relay and
fighting mirrors for lasers — the type
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of system that was called ideal in a
study by the Strategic Defense Initia-
tive Organization that was made public
.late this fall. After the first year of re-
search on this problem, those conduct-
ing the study envisaged a complex,
seven-layer system of weapon plat-
forms. Other arrays of four, five and
six tiers of weapons were also consid-
ered, as well as a system in which most
components would be on earth, rather
than in space.

Colonel Hess said that if the cost of
lifting a pound of material can be low-

‘ered from the present price of up to
i$3,000 a pound to **$300 a pound or less,
‘it becomes within the bounds of the rea-
_sonable.”

He added that, with all such ques-
tsiol;lsl, :’the burden of proof is clearly on

Those involved in the strategic de-
bate are also beginning to concentrate
.on some other long-range effects of
istrategic defense. Skeptics say that
‘wooing, or coercing, the Soviet Union
into adopting missile defenses may kill
the policy called ‘“extended deter-
‘rence,”” the threat that the United
; States might first use nuclear weapons
 if the Soviet Union made a conventional
attack on Western Europe. While some

-critics suggest that extended deter-

irence might disappear if the Soviet
‘Union had defenses, ‘‘Star Wars”

“proponents think the policy is more
credible if the United States has protec-
tion against missile attack.

It is also increasingly clear to most
- analysts that the now-vestigial Amer-
ican air defense will need to be recreat-
ed, because “‘Star Wars'’ will not be de-
signed to meet threats from weapons
like atmospheric bombers and low-
flying cruise missiles. And, it is now
*being said that the antimissile defense
would be much more effective with a
serious civil defense program.

Another turn the Star Wars debate
has taken has been renewed concern
with what constitutes a perfect shield
against missiles, a near-perfect one or,
indeed, a leaky one.

In 1984 Ashton Carter, a Harvard
University strategic and scientific ex-
pert, said in a report to Congress that a
near-perfect defense was not possible.
At that time, a year after President
,Reagan announced the *“Star Wars”
' idea, the conclusion was controversial.

;i  ““Nobody thinks it is controversial to-
‘day,” one analyst said.

Instead of stressing the goal of a de-
fense that is nearly perfect by the
standard of how many Soviet nuclear

‘warheads it could shoot down, Admin-

istration figures now stress that if
i“Star Wars” could only deny the Rus-
'sians the ability to destroy the key mili-
tary targets, which the Administration
perceives to be the Russians’ only goal,
‘it would be *‘good enough.”

George A. Keyworth 2d, the White
House science adviser, has long been
an adherent of President Reagan’s “‘vi-
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sion” of a near-perfect defense of the ~

American civilian population. But he
said recently that, if a Soviet planner
‘‘can no longer be confident’ in his war
plans because of an American defense,
then nuclear weapons ‘“have been
made obsolete since they have lost
their military potential.”

Congress Report
Is Disquieting

Perhaps one of the most thought-
provoking reports of the year on “Star
Wars’’ was made public in September
by the Office of Technology Assess-
ment, an arm of Congress rather than
the Administration. It raised some new
questions about the rationale for *‘Star
Wars.” Though in many ways the re-
port was severely critical of the pro-
posal, one Administration ‘‘Star
Wards” official called the study “ex-
cellent” and said ‘“‘the level of the na-
tional debate is improving."

The Office of Technology Assess-
ment team, drawing in part on analy-
ses by the Rand Corporation, former
Government officials and scholars,
reached some disquieting conclusions.

Here are some of the conclusions of the

report:

GIf both the Soviet Union and the
United States have similar but limited
defenses, the United States might pro-
tect more nuclear warheads in a Soviet
first strike. But if the United States re-
taliated, fewer of its warheads would
actually reach Soviet targets and ex-
plode there than under the current cir-
cumstances, because of the Soviet de-
fense system. The net cost of nuclear
war to Soviet leaders would thus be re-
duced, and war would become more
thinkable. -

9In almost any scenario the exist-
ence of defenses makes striking first a
more attractive option. If the Soviets
were to strike first, for example, evena
limited Soviet defense would have to
deal only with a ‘‘ragged response”
from a diluted United States retalia-
tory arsenal. Again, it was suggested
that this would provide a theoretical in-
centive for nuclear conflict.

§0ne of the most dangerous possibil-
ities of all is a situation in which the de-
fenses of each nation are to a signifi-
cant extent vulnerable to pre-emptive
attack by the other side. The argument
here, t0o, is that this situation makes a
first strike attractive,

4The technological uncertainties of

sile defense may lead to strategic
ertainty: with defense there will be
re possible outcomes, but fewer cer-
t ones, for a nuclear war.

The Planners
Play War Games

The Office of Technology Assess-
ment report aside, General Abraham-
son’s organization was already in-
volved in strategic thinking. A satisfac-
tory strategy, the general said, will be
a vital element in the decision, which
could come in six years, on whether to
undertake full-scale engineering devel-
opment, production and eventual de-
ployment of an antimissile defense.

Strategic contingencies and possible
Soviet responses are seen by the De-
fense Department analysts as indis-
pensable tools in designing and inte-
grating a workable defense.

General Abrahamson and his assist-
ants, such as Mr. Gardner. say that
they and their staffs have been in-
volved in complex nuciear war games
and nuclear exchange calculations.

Put simply, they argue that their
strategic analysis tends to prove that at
each level of defense, from modest to
good, including mutal defense by the
Soviet Union, that ‘‘deterrent posture
is improved.”

The Strategic Defense Initiative ana-
Iysts, and those elsewhere in the Penta-
gon, say their studies are more sophis-
ticated that those of non-Administra-

tion analysts and are based on more ~

complete, secret data on Soviet and
American military capabilities. .

But one non-Governmental Soviet af-
fairs specialist, who was recently in-
vited with several colleagues to partici-
pate in a secret war involving ‘‘Star
wars” defenses, said: ‘“We found we
were playing against defense contrac-
tor personnel and others who know
nothing about Soviet doctrine. It took
our whole team, the Red Team, less
than 20 minutes to agree that our first
counter to ‘Star Wars’ would be to in-
crease offensive missile numbers.
Their team, the Blue Team, said, ‘No,
that is not how the Soviets think.’
Every step we took suprised them.””

. As with other analysts, the Office of
Technology Assessment researchers

found confusion in the Government
about the goals of “‘Star Wars,”” saying
that “the pursuit of defenses able to
protect the U.S. population and that of
its allies in the face of a determined

Soviet effort to overcome them does -

not appear to be a goal of the §.D.I. pro-

Such a conclusion might seem con-
troversial to those who have not closely
followed the ““Star Wars” debate, be-
cause President Reagan and other non-
technicans have often implied that ac-
tive defense of people by a ‘‘shield’’ is a
niajor goal.

The Office of Technology Assess-
ment analysts buttressed their state-

N

ment with a wide array of remarks by
-sepnior Government officials that seem
'to confirm their conclusion — that the
‘more immediate aim of the plan is to
protect missile silos, not people.

The difficu]ty of defending civilians
is illustrated in a scenario that has
been postulated several times by non-
Administration analysts.

According to this scenario, a ‘*99 per-
cent effective’’ missile defense would
not.protect 99 percent of the American
population; it would only shoot down 99
percent of Soviet missile re-entry vehi-
cles or warheads. If such a defense ex-
isted, the Soviet Union could simply
target 100 warheads on each of the 90
'most populous cities in the United
;States; with such a defense, the Rus-
sians could be confident of destroying
almost all of their targets.

The Office of Technology Assess-
ment estimated that between 10 million
and 25 million deaths could result from
such a “leakage rate.”” The report said
deaths could be kept to one million or
fewer only with defense that was 98.9
percent effective or better.

Another consequence of the debate
over the value of “Star Wars” is the
new attention'to what is called “‘ration-
al” Soviet military doctrine.

The Administration position rests in
part, for example, on an assumption
ithat it would be lunacy for the Russians

1to choose cities rather than purely mili-
-tary sites as their targets. That as-
rsumption is based essentially on the
theory that attacking cities would bring

1hon“ib1e retaliation.

Critics argue, however, that this as-
- sumption may not be valid. “It is con-
ceivable that you could have a defense
- 50 good that the Soviets would have to
¢aim 100, or 200, warheads at each of our
largest cities,” said Thomas H. Karas,
a space policy analyst and the director
‘of the Office of Technology Assessment
team that prepared the report
Inany case, when decisions about the
effectiveness and actual working struc-
ture of a missile defense depend heav-
ily on what is called rational Soviet
military policy, the nature of the “‘Star
Wars’ debate changes. -
~ *“You find that you are no longer ar-
guing about strategic defenses, but that
you are arguing about concepts of nu-
-clear war fighting,”” said Peter Sharf-
iman, manager of the international se-
curity program in the Office of Tech-
nology Assessment. ‘It is a proper ar-
gument, but goes way beyond the tech-
nical analysis of what defense can or
cannot do.”
. Mr. Karas said: “An interesting
question is: Did we feel secure in the

. early 1960’s when the Soviets had a

small number of inaccurate warheads
that could only be used against cities?
And that is essentially what S.D.I. is of-
fering the prospect of returning to.”
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