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Civilian Casualties 

from Counterforce Attacks 
New estimates of the number of civilian deaths resulting 

from nuclear attacks by one superpower on the strategic forces 
of the other further undermine the rationale for such attacks 

by Frank N. von Hippel, Barbara G. Levi, Theodore A Postal and William H. Daugherty 

T
he ratification of the agreement 
between the U.S. and the Soviet 
Union to ban all intermediate­

range nuclear missiles and the appar­
ent progress in the so-called Strategic 
Arms Reduction Talks (START), which 
have as their primary aim a 50 percent 
cut in the number of long-range ballis-
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tic-missile warheads, have given many 
observers reason to be optimistic 
about the prospect for further reduc­
tions in nuclear arms. Further reduc­
tions, however, will require the U.S. 
and the Soviet Union to reassess many 
of the military missions they have 
planned for their nuclear forces in the 
event of war. 

The missions that would be most 
affected by further nuclear-arms re­
ductions are generally known as coun­
terforce missions. Their purpose is to 
destroy the military capabilities of the 
opponent, including nuclear and non­
nuclear forces as well as the industri­
al base on which the forces depend. 
Since an opponent's strategic forces 
represent the greatest threat, they are 
considered to be the highest-priority 
targets for counterforce missions. B�­
cause there are thousands of potential 
targets for a strategic counterforce 
mission, it requires a nuclear arsenal 
of vast size. 

Many defense analysts argue that 
threatening to destroy a variety of 
military targets deters limited aggres­
sion more effectively than threatening 
to attack cities, because such threats 
are less likely to elicit a devastating 
counters trike against the cities of the 
attacker and can therefore be made 
more credibly. In addition the coun­
try that first executes such missions 
might hope to destroy many more 
of the other side's warheads than it 
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employs in carrying out the attack. 
Such a lopsided exchange is made 
possible by modern nuclear missiles 
that carry multiple warheads, each of 
which is capable of destroying a dif­
ferent target. Unfortunately the per­
ception that one might gain by strik­
ing first leads to crisis instability: each 
side is tempted to preempt the other 
side's attack if nuclear war appears 
inevitable. 

That dangerous situation can be 
prevented if nuclear forces are struc­
tured in such a way that neither side 
would gain an advantage by striking 
first. A START agreement as outlined 
in the current negotiations would not 
achieve thiS, since it would allow each 
side to retain its most modern mul­
tiple-warhead missiles. Crisis stability 
can be achieved by ensuring that re­
duced nuclear forces incorporate sin­
gle-warhead intercontinental ballistic 
missiles (ICBM'S) and survivable basing 
modes for all weapon launchers. Such 
a nuclear-force structure, however, is 
incompatible with the strategic coun­
terforce mission. 

But does the U.S. or the U.S.S.R. need 
to rely on a strategic counterforce 
mission to prevent nuclear aggres­
sion? Does' it really provide a more 
credible deterrent by threatening mili­
tary targets and not civilian ones? Our 
calculations suggest the answer is no: 
they show that a large-scale attack on 
strategic forces would cause so many 
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civilian casualties that it would be dif­
ficult to distinguish from a deliberate 
attack on the population. 

C
uriously enough, the number 
of civilian deaths that counter­
force attacks would cause re­

mains largely a neglected topic in the 
nuclear-weapons policy debate. Even 
during the 1980 presidential cam­
paign, when the vulnerability of u.s. 
ICBM'S became a political issue, the 
civilian casualties that would result 
from an attack on the ICBM'S was not 
even mentioned. Indeed, we know of 
only one public discussion of the sub­
ject by the U.S. Department of De­
fense-and that took place in 1975 
[see "Limited Nuclear War," by Sidney 
D. Drell and Frank von Hippel; SCIEN­
TIFIC AMERICAN, November, 1976]. We 
reexamine the subject here in order to 
present estimates of the civilian casu­
alties from a U.S. attack on Soviet stra­
tegic forces as well as the reverse. In 
doing so we gauge the impact of 
changing some of the assumptions 
made by the Defense Department in 
estimating U.S. casualties. 

In our calculations we considered 
the consequences of attacking with 
nuclear weapons 1,2 15 military facili­
ties in the U.S. and 1,740 military facili­
ties in the U.S.s.R. All but approximate­
ly 100 of the targets on each side are 
either missile silos or their associated 

launch-control centers. The disparity 
between the numbers of targets is due 
to the fact that the Soviet Union has 
more missile silos than the U.S. Other 
targets on the lists are bases for long­
range bombers, ballistic-missile sub­
marines, aircraft carriers and ships 
carrying long-range, nuclear-armed 
cruise missiles. Furthermore, we as­
sumed that early-warning radar instal­
lations and key command-and-com­
munication facilities would also be 
struck by nuclear weapons in order 
to effect the maximum surprise and 
blunt the effectiveness of any retalia­
tory attack. (It should perhaps be 
pointed out that some defense plan­
ners argue against attacking com­
mand-and-communication facilities, 
since it could preclude a negotiated 
end to the conflict.) 

The list of targets in the U.S. in­
cludes major nuclear-weapon depots 
and bases for the tanker aircraft that 
would refuel U.S. bombers on the way 
to and from their targets in the Soviet 
Union. The list of targets in the U.S.S.R. 
includes anti-ballistic-missile launch­
ers around Moscow and bases for mo­
bile intermediate-range missiles and 
nuclear-armed bombers, which could 
be employed to attack facilities of the 
North Atlantic Treaty Organization in 
Europe. 

A review of the listed targets indi­
cates that many of them lie in or near 

major urban areas. (Their approximate 
locations are known from the enor­
mous amount of information that is 
made public by the U.S. Defense De­
partment.) In the U.S., for example, 
tanker aircraft are based at airports 
near Chicago, Milwaukee, Phoenix and 
Salt Lake City; Navy bases for nuclear­
armed vessels are situated in San 
Francisco Bay and at Long Beach near 
Los Angeles (and one is planned for 
Staten Island in New York Harbor); key 
command posts are in the vicinity 
of Washington, D.C., and Navy radio 
transmitters are located in or near 
Jacksonville, Sacramento and San Die­
go. In the U.s.S.R. there is a similar 
colocation of strategic-weapon facili­
ties and urban areas: Moscow is ringed 
with underground command bunkers; 
Leningrad is the headquarters of the 
Baltic fleet; Vladivostok is a home port 
for ballistic-missile submarines, and 
many ICBM fields are found in the 
densely populated western region of 
the country. 

We assigned nuclear weapons to 
each target and specified their mode 
of employment according to target 
type. If the target was an ICBM silo 
or its associated launch-control cen­
ter, the most accurate ballistic-mis­
sile warheads were assigned to it, 
because such "hard" targets can be 
destroyed only by powerful nuclear 
weapons detonated no more than a 

DEVASTATION wrought by the Allied incendiary attack on 
Hamburg in July of 1943 approaches what would result from 
huge conflagrations ignited by nuclear explosions over mod­
ern urban centers. The fire damage would extend beyond the 

areas affected by the blast of the explosions. The authors have 
taken the possibility of such "superfires" into account in 
estimating the number of civilian deaths associated with nu­
clear attacks on the strategic forces of the U.S. and the U.S.S.R. 
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few hundred meters away. The fire­
balls of such explosions would inevi­
tably come in contact with the ground, 
and as a result they would produce 
large amounts of radioactive fallout. 
In keeping with standard military 
planning, such facilities were targeted 
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with two nuclear warheads to ensure 
against the failure of one of them. 

If the target in question was an air­
base, we assumed it would be attacked 
not only with one large warhead det­
onated at or near ground level but 
also with some 15 warheads detonat-
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HOW MANY NUCLEAR WEAPONS does it take to deter a nuclear attack? According 
to the "assured destruction" criterion first laid out in the late 1960's by Secretary 
of Defense Robert S. McNamara, the capability of detonating-in a retaliatory at­
tack-200 equivalent megatons over Soviet cities would effectively deter the U.S.S.R. 
(An equivalent megaton represents a combination of nuclear weapons whose blast 
damage equals that of a one-megaton explosion.) The authors' calculations (top) 
show that such an attack on the U.S. (blue) or on the Soviet Union (red) would result 

in prompt fatalities amounting to as much as 40 percent of the population (about 
100 million people) if the lethal effects of superfires are taken into account. As 
can be seen (bottom), both the U.S. and the U.S.S.R. have substantially more equiv­
alent megatons in their respective strategic arsenals than are necessary to meet 
McNamara's assured-destruction criterion-even after their strategic forces have suf­
fered a "worst case" nuclear attack. The excess weapons are justified largely on 
the grounds that they are required to execute "counterforce" attacks on military 
facilities, in particular those associated with the nuclear forces of the other side. 
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ed in the air, which could be delivered 
by two multiple-warhead suomarine­
launched ballistic missiles (SLBM'S). 
The reason is that a significant frac­
tion of U.S. long-range bombers and 
their associated tanker aircraft are 
kept on alert, ready to take off on 
warning of an attack. A groundburst 
and several airbursts would be intend­
ed to destroy the aircraft still on the 
ground and those already airborne but 
riot yet out of the area. We have as­
sumed in our calculations that Soviet 
mobile-missile bases would be at­
tacked in a similar way. 

Overall, the hypothetical Soviet stra­
tegic counterforce attack on the U.S. 
involved about 3,000 warheads with a 
total yield of about 1,300 megatons, 
whereas the U.S. attack on the Sovi­
et Union involved slightly more than 
4,000 warheads with a total yield of 
about 800 megatons. (A megaton is 
defined as the energy released by the 
detonation of a million tons of TNT.) 
Such attacks are well within the capa­
bilities of each nation, even after the 
reductions envisioned in the START 
negotiations. The greater number of 
warheads and lower total megaton­
nage of the U.S. attack on the Soviet 
Union result from respectively the 
greater number of Soviet missile si­
los and the smaller average yield of 
U.S. strategic warheads. 

I
n calculating the number of civil­
ians who might die or sustain inju­
ry as a result of a large-scale strate­

gic counterforce attack, we considered 
only the direct effects of nuclear ex­
plosions: blast, fire and radioactive 
fallout. The standard method applied 
by the U.S. Defense Department and 
the Federal Emergency Management 
Agency (FEMA) for estimating the casu­
alties arising from the first two nucle­
ar-weapon effects relies on extrapolat­
ing the consequences of the relatively 
small-yield (.0 15 megaton) explosion 
over Hiroshima to the much more 
powerful nuclear explosives in mod­
ern strategic arsenals. To be specif­
ic, the model applied in the Govern­
ment's extrapolation, which we call 
the overpressure model, assumes that 
the casualty rate would be the same as 
the rate observed in Hiroshima for a 
given value of the peak blast over­
pressure: the maximum air pressure 
(above the ambient level) produced by 
the explosion's blast. 

Yet some of the casualties at Hiro­
shima were a consequence of a huge 
fire that developed approximately 20 
minutes after the explosion and cov­
ered a roughly circular area having a 
radius of about two kilometers. The 
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MILITARY FACILITIES associated with the strategic forces of 
the U.S. (top) and the strategic and intermediate-range forces of 
the U.S.S.R. (boltom) are numerous. Many are also found near 

urban centers. As a result there are likely to be tens of millions 
of civilian deaths from a counterforce attack, even though 

only military facilities (and not cities per se) are the targets. 
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FALLOUT from a nuclear attack on the military facilities shown 
on the preceding page would expose millions of people to 
lethal doses of gamma radiation. (Typical February wind pat­
terns are assumed here.) If the median lethal dose is taken to 
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>35 GRAYS 

10.5-35 GRAYS 

LJ3-10.5 GRAYS 

be 3.5 of the units called grays, most people who were not in 
shelters within the outermost radiation-level contours would 
suffer severe radiation sickness. Even people sheltered in 
windowless cellars would die within the innermost contours. 
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area was small enough so that most of 
the people who had not been trapped 
under collapsed buildings or other­
wise incapacitated were able to escape 
before the environment in the fire area 
became lethal. Recent studies done for 
the Defense Nuclear Agency by Har­
old L. Brode and Richard D. Small of 
the Pacific-Sierra Research Corpora­
tion suggest that detonation of nucle­
ar warheads over U.S. and Soviet cities 
and suburbs could result in much 
larger superfires: huge conflagrations 
fanned by hurricane-force winds. Giv­
en the typical yield of today's strategic 
nuclear weapons (at least 10 times 
greater than the Hiroshima weapon), 
the conflagration area would be so 
large that people would not be able to 
escape before they succumbed to the 
combined effects of heat, smoke and 
toxic gases. On these grounds one of 
us (Postol) suggested in 1985 that the 
Defense Department and FEMA might 
be seriously underestimating the po­
tential fatalities from the direct ef­
fects of nuclear explosions. 

The conditions that would prevail in 
a superfire caused by a nuclear explo­
sion resemble the conditions during 
the fire storm that developed in Ham­
burg after an intense Allied incendiary 
attack in July, 1943. In that case base­
ment shelters provided little protec­
tion from the lethal effects of carbon 
monoxide and the extreme tempera­
tures generated by the overlying smol­
dering debris. In spite of the fact that 
Hamburg was not subjected to blast or 
radiation effects during the attack, the 
area destroyed was about 12 square 
kilometers (about the same as the area 
of conflagration at Hiroshima) and the 
death toll was estimated at between 
50,000 and 60,000 (also comparable 
to that at Hiroshima). 

Although any prediction about the 
extent of urban fires caused by nucle­
ar explosions is uncertain, we believe 
the probability of lethal superfires is 
great enough so that casualty esti­
mates should take them into account. 
We have done so by making casual­
ty estimates with both the traditional 
overpressure model and our own su­
perfire model. The respective results 
define the lower and upper end of a 
range of uncertainty. 

T
he other cause of death associ­
ated with nuclear explosions is 
fallout: soil and debris sucked 

up into the fireball of a low-altitude 
nuclear explosion that eventually falls 
back to the ground heavily contami­
nated by fission products. The fallout 
that settles downwind of a nuclear 
explosion can create a zone of gamma 

radiation so intense that people with­
out adequate shielding in the zone 
would die of severe radiation sickness. 
In estimating the casualties caused by 
radioactive fallout, we adapted a Gov­
ernment computer model designed to 
predict the way fallout would be dis­
persed and drew on Government data 
bases for wind patterns and popula­
tion distributions. 

We also considered the possibility 
that the resistance of human beings to 
ionizing radiation under wartime con­
ditions might be much less than has 
been traditionally assumed. This pos­
sibility was suggested by a recent re­
analysis of the data on the casualties 
at Hiroshima. 

Since World War II the standard as­
sumption made in Government analy­
ses has been that an exposure to 4.5 
grays of gamma radiation within a 
period of less than two weeks consti­
tutes the so-called ill-SO dose: the 
dose that causes lethal radiation sick­
ness in SO percent of an exposed pop­
ulation within about 60 days. (A gray is 
the metric unit for measuring doses of 
ionizing radiation. A rad, which may 
be more familiar in the U.S., is one­
hundredth of a gray.) That assumption 
was based primarily on experimental 
data from animals, but it seemed to 
be consistent with the human data 
from Hiroshima. 

A few years ago, however, inves­
tigators at the Lawrence Livermore 
National Laboratory discovered that 
the estimated radiation exposures for 
those unfortunate enough to be in 
Hiroshima at the time the atom bomb 
was dropped were too high. This led a 
group of Japanese investigators to re­
examine the fates of more than 3,000 
Hiroshima inhabitants who had not 
suffered severe blast or burn injuries 
from the bomb's explosion but were 
near enough to ground zero to be 
exposed to direct gamma radiation. 
When the new Lawrence Livermore re­
sults were applied to determine the 
radiation doses for each individual in 
the Hiroshima group, a surprisingly 
low estimate for the ill-SO was ob­
tained: just 2.5 grays. 

The Hiroshima victims, of course, 
did not benefit from the modern treat­
ment for radiation sickness, which in­
volves placing the victim in a sterile 
environment and administering heavy 
doses of antibiotics. Yet modern medi­
cines and hospital care would proba­
bly be as unavailable to the survivors 
of a large-scale nuclear attack today as 
it was to the survivors of Hiroshima. 
We therefore varied the values of the 
ill-SO in our calculations from 2.5 to 
4.5 grays. 

The number of casualties estimated 
for the attacks also depends on the 
strength and direction of the winds at 
the time of the attack, because it is 
the wind that disperses radioactive 
fallout. Of the four seasonal wind 
patterns we considered, we found 
that the strong winds typical of Febru­
ary produced the highest number of 
deaths in both the U.S. and the U.S.S.R. 
The doses from fallout radiation could 
be reduced to a certain extent by tak­
ing refuge in shelters. 

Every shelter can be assigned a pro­
tection factor: the number by which 
the open-air fallout-radiation expo­
sures would have to be divided in 
order to give the actual radiation dose 
in the shelter. We assumed that the 
population of both the U.S. and the 
U.S.S.R. would be equally divided be­
tween a group that did not spend 
much time in underground shelters 
(and therefore had an average effec­
tive protection factor of about three) 
and a group that did spend most of its 
time in shelters (and therefore had an 
average effective protection factor of 
about 10). 

Fallout shelters with higher protec­
tion factors do exist, but it would be 
difficult for people in them to reduce 
their average radiation dose to levels 
substantially lower than what we as­
sumed. The reason is that most of the 
sheltered population would have to 
emerge within a few days to replen­
ish supplies or seek help, and even a 
short period spent outside the shel­
ters would greatly increase the radia­
tion dose. Average radiation doses 
would be increased anyway within a 
relatively short time as people began 
to consume water and food contami­
nated by radioactivity. 

O
ur calculations indicate that 
the direct effects of the blast, 
fire and radioactive fallout of a 

Soviet attack on U.S. strategic nuclear 
facilities could kill between 12 and 27 
million people. The corresponding U.S. 
attack on Soviet strategic nuclear facil­
ities could kill a comparable number : 
between IS and 32 million people. (We 
also estimate that the survivors of the 
attacks would suffer between one and 
eight million additional deaths from 
cancer over their remaining lifetimes 
as a result of their exposure to fallout 
radiation.) 

The numbers at the low end of our 
ranges, which were derived by apply­
ing the overpressure model and as­
suming an ill-SO of 4.5 grays, are con­
sistent with the estimates presented 
by the Defense Department in 1975. 
The numbers at the upper end of our 
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ranges were obtained from the super­
fire model and an LD-50 of 2.5 grays. 

In our results the deaths from blast 
and fire are roughly comparable in 
number to those from fallout. Al­
though the percentage of the area of 
the U.S. subjected to lethal levels of 
fallout radiation was found to be larg­
er than that for the U.S.S.R., there 
would nonetheless be comparable 
numbers of casualties from the radi­
ation in both countries, since much 
of the fallout over the Soviet Union 
would descend on the heavily populat­
ed European region of the country. 

Limiting the attack to any subset 
of counterforce targets, such as mis­
sile silos, bomber bases, naval bases, 
weapon storage depots, command­
and-communication facilities or inter­
mediate-range forces (in the case of 
the U.S.S.R.) would cause at least a 
million deaths in all cases but one [see 
illustration below]. Hence one could 
not hope to reduce the casualties be­
low many millions by eliminating one 
or two classes of targets. Our casualty 
estimates for the U.S.S.R., for example, 
would be only about 10 percent low­
er if we had not included as targets 
the intermediate-range missiles, which 
are to be eliminated over the next few 
years. (Actually the effect of the elim­
ination of the Soviet intermediate­
range missile will be approximately 
offset by the replacement of Trident 
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0 

I warheads with more powerful Tri­
dent II warheads on U.S. ballistic-mis­
sile submarines.) On the other hand, 
our casualty estimates for both sides 
would have been considerably higher 
if we had included other classes of 
plausible military-related targets. 

For example, we estimated separate­
ly the civilian casualties that would 
result from an attack with one-mega­
ton airburst warheads on a group 
of 10 1 factories identified as being 
among the highest-priority targets in 
an attack on U.S. military-industrial 
capability. These factories manufac­
ture such items as missile-guidance 
systems, automatic guns for aircraft, 
antitank missiles, radars and com­
mand-and-control systems. We found 
that the attack would kill between 11 
and 29 million people. The toll is that 
high because most of the military­
industrial targets are in major urban 
areas, such as those surrounding Bos­
ton, Detroit and Los Angeles. 

Finally, it should also be kept in 
mind that we have considered only the 
casualties that would be caused by the 
direct effects of nuclear explosions. 
Tens of millions of additional deaths 
might result from exposure, famine 
and disease if-as seems likely-the 
U.S. or the Soviet Union suffered eco­
nomic and social collapse after a nu­
clear attack. The populations of other 
nations around the world would also 

u.s. .I l IU.S.s.R. 

I 

I I I 

suffer indirectly from the manifold 
economic and environmental effects 
of such an attack. 

O
ur results reaffirm an assertion 
made more than 25 years ago 
by the chairman of the Joint 

Chiefs of Staff, Gen. Lyman L. Lemnit­
zer, when he briefed President John F. 
Kennedy on the U.S. nuclear war plans: 

"There is considerable question that 
the Soviets would be able to distin­
guish between a total attack and an 
attack on military targets only . . . .  Be­
cause of fallout from attack of military 
targets and colocation of many mili­
tary targets with [cities], the casualties 
would be many million in number. 
Thus, limiting attack to military tar­
gets has little practical meaning as a 
humanitarian measure." 

Yet for the past two decades the U.S. 
and the U.S.S.R. have continued to de­
velop increasingly elaborate counter­
force targeting strategies, ignoring the 
fact that the large-scale application of 
nuclear weapons against military tar­
gets is not qualitatively different from 
their application against civilians. In 
view of the massive civilian casual­
ties counterforce attacks would entail, 
threatening to execute such attacks 
can be no more credible than threat­
ening to destroy cities. 

It is clear that eliminating counter­
force weaponry by treaty would be 
preferable to eliminating them by use 
on one another. Yet it is the very reli­
ance on counterforce strategies that 
blocks stabilizing nuclear-force reduc­
tions beyond those currently being 
considered in the START negotiations. 
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What we know 
about computers we've 

learned on the phone. 
At AT&T, we've always 

n been committed 
to helping the people of 
the world communicate 
better. 

Our telephone sys­
tem is the largest, most 
sophisticated computer 
network in the world. 

T he evolution of its 
scope, power and 
reliability created, in the 
process, the world's 
largest laboratory for 
computer research and 
development. 

And all that sav v y  
is now being called on in 
new ways. To build com­
puters that do the rest 

of the world's work with 
the same reliability as 
your phone system. 

Funny, how the 
future seems to repeat 
itself. 

1939 
T he First Electrical 
Digital ComQuter 

Scientists at AT&T Bell 
Laboratories used two 
numbers to change 
the way we compute 
the rest. T hey applied 
a binary code to a 
calculating machine 
for the first time and 
invented the electrical 
digital computer. 

Today 
UNIX'" OQerating 

�ystem 

Since 1969, AT&T 's UNIX 
operating system has 
been improving 
computer use. Today's 
UNIX System v is 
capable of running 
hundreds of different 
software programs on 
mainframes, minis, 

even Pc's. Its flexibility 
and power are giving 
people greater free­
dom of choice across 
computer architec­
tures. Helping to pro­
tect previous hardware 
investments. And 
creating a common, 
open standard which 
is working to unif y 
the computer industry. 

Tomorrow 
QQtical ComQuters 

As today's computers 
approach their limits, 
AT&T is looking at 
them in a new light. 
T he optical computers 
of tomorrow will use 
light beams to process 
information. 
At speeds measured in 
trillionths of seconds. 
Up to ten times faster 
than today's fastest 
electronic computers. 

ATlaT 
The right choice. 
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