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A note about these 

articles and the man 

who wrote them 

In August, 1950, the Government 
published an official guidebook to 
help in the preparation of civilian 
defense against atomic attack. This 
hook, "The Effects of Atomic Weap
ons," is intended as a source of 
scientific information for technical 
personnel. Unfortunately, however 
much he is interested and concerned, 
the average reader finds it some
what beyond his depth. 

Accordingly, The New York 
Times, in keeping with its policy of 
giving readers all the news they 
have to know, and in terms they can 
readily understand, assigned Wil
liam L. Laurence to write a non-
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technical analysis of the Govern
ment's guidebook. This analysis ap
peared as a series of articles in The 
New York Times on August 14, 15, 
16, 17, 18, 19, 21, and 22. These ar
ticles are reprinted in full in this 
booklet. 

William L. Laurence, who wrote 
these articles, is one of the coun
try's outstanding science reporters, 
and undoubtedly its foremost news
paper writer on atomic energy. A 
member of The New York Times 
staff since 1930, he has twice won 
the Pulitzer Prize, the highest 
award in American journalism. 

In 1945, the War Department 
"borrowed" Mr. Laurence for a 
secret mission. It turned out to be 
the mission of reporting the birth 
of the atomic age for all the world, 
and for history. He was the only re
porter to visit the secret war plants 
and see the production of the atomic 
homb. He was the only reporter to 
witness the first test of the bomb, 
in New Mexico on July lG, 1945. He 
was the only reporter to witness the 
actual use of the bomb, over N aga
saki, on August 9, 1945. The fol
lowing day, the Japanese sued for 
peace. 

Mr. Laurence, much earlier, had 
written the first widely circulated 
newspaper story about the possi
bilities of atomic energy, in The 
New York Times of May 5, 1940. 
His official stories of the develop
ment of the atomic bomb were re
leased by the War Department, and 
were the source from which all 
news of the atomic bomb and its 
development was first published to 
the world. 

In 1946, Mr. Laurence publisher! 
a book, "Dawn Over Zero," which 
has been acclaimed as the most au
thoritative and comprehensible ac
count of the development of the 
atomic bomb. 
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We Are Not Helpless in Attack 

During the five years since the 
first atomic bomb was exploded 
over Hiroshima, a frightened world 1 

has been led to believe by some of 
the more articulate atomic scien
tists that "there is no defense 
against the atomic bomb" and that 
"none will ever be devised." 

Unfortunately, the volume has 
been prepared "as a source of sci
entific information for technical 
personnel engaged in civil de-
fense," and as such is not for the 
average layman. In this. and sub
sequent articles, the essential data 
will therefore be presented in non
technical language. 

By way of introduction let it be 
said, first, that there is nothing 
about atomic energy and atomic 
weapons that is beyond the grasp 

As long as we were the sole 
possessors of the atomic bomb, 
with the further assurance that it 
would take Russia several vears to 
make one, this dictum ' served 
largely to generate a sense of 
security. 

The announcement that Russia 
had tested her first atom bomb at 
least three vears ahead of time. 
followed by a few months with the 
Communist attack on South Korea, 
has changed the picture to the 
point where many of our people 
are in danger Of succumbing to a 
sense of helplessness against a po
tential atomic attack. 

1 of the average layman, and, sec
ond, unreasoned fear that might 
lead to mass hysteria could pro
duce more damage to life and 
property, and. more important, to 
spiritual values, than any number 
of atomic bombs. 

The publication by the Defense 
Department and the Atomic Ener
gy Commission of the most author
itative volume yet to appear on the 
effects of atomic weapons and the 
measures that mav be taken to 
counteract, or at least greatly to 
minimize. their effects, therefore, 
must be regarded as one of the 
most important official documents 
in recent years. 

It possibly is more important, in 
fact, than the hasty publication a 
few davs after Hiroshima of the 
Smyth 'Report. which many today 
believe was a serious mistake that 
gave Russia much valuable infor
mation. 

Handbook for Survi\'al 
This new volume may proper!\· 

be given the subtitle "Handbook 
for Survival Against Atomic At
tack," for it gives the basic data 
essential for the planning and 
building of an effective civilian de
fense against potential atomic 
bomb attacks. whether thev come 
by air or by water. · 

In fact. a well-organized civilian 
defense against a possible atomic 
attack, added to an efficient mili
tary defense. is the best possible 
deterrent against such an attack. 

To understand the fundamental 
principle underlying the atomic 
bomb, including also the hydrogen 
bomb. one must have a general 
concept of the relationship that 
exists between what we know as 
matter and energy, the two as
pects in which the material uni
verse manifests itself to our 
senses. 

In his famous relativity theorv 
Albert Einstein demonstrated that 
matter and energy were two dif
ferent manifestations of one cos
mic entit~·. that matter was energy 
in the frozen state, while. con
versely, energy was matter in the 
fluid state, the two states being 
interchangeable. In a famous 
mathematical formula he revealed 
that one gram of matter repre
sented in the frozen state the 
enormous total of 25.000,000 kilo
watt-hours of energy, 

From this we learned that 
whenever energy in any form was 
liberated, such as, for example, by 
the burning of coal or oil. a small 



amount of matter was lost, so 
small, in fact, that it was not pos
sible to weigh it by any method 
known to us. We have to burn 
3,000 to 7,000 tons of coal to con
vert the matter of one gram into 
energy, a ratio of three to, seven 
billion to one. 

When energy is obtained by the 
burning of coal, the atoms of the 
coal. mostly carbon and hydrogen, 
remain unchanged, the loss of 
matter being due to a rearrange
ment of the electrons on the out
side surface of the atom. 

In what is known as atomic en
ergy, the energy is obtained by a 
break up of the atoms used as fuel. 
·when this happens, an amount of 
matter three to seven million times 
as great as in the burning of coal 
is converted into energy. As com
pared with the amount of matter 
converted into energy in the explo
sion of TNT the ratio is 20,000,000 
to 1. In other words, the explo
sion of one kilogram of fissionable 
material. such as Uranium 235 or 
plutonium, releases an energy 
equivalent to 20,000 tons of TNT. 

Uranium 235 (U-235) and pluto
nium are at present the only two 
substances that can be used for the 
release of atomic energy, either as 
an explosive or for power. U-235 
is the only one found in nature in 
sizable quantities. Plutonium is 
a man-made element, produced 
from the more abundant form of 
uranium, known as U-238, in our 
gigantic plants, known as nuclear 
reactors, at Hanford, Wash. 

U-235 Is the Key 
A third fissionable element, 

known as Uranium 233, can be 
produced artificially out of the 
non-fissionable element, thorium, 
but to do so it is necessary to use 
either U-235 or plutonium. Ura
nium 235_is thus the key substance 
without which no atomic bombs or 
atomic power could be obtained. 

Uranium 235 is found in nature 
mixed with Uranium 238, each ton 
of purified uranium metal consist
ing of 1,986 pounds of U-238 and 
only fourteen pounds of U-235. To 
separate the latter required the 
construction of a billion-dollar 
plant at Oak Ridge, Tenn. 

Plutonium is produced by an
other method, in which the U-235 
in the natural mixed uranium 
metal is made to split by means of 
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a self-multiplying chain reaction, 
in which neutrons (fundamental 
atomic particles without an elec
tric charge) are released. These 
neutrons enter the Uranium 238 
in the mixture and convert it into 
plutonium. 

Just as an ordinary fire needs 
oxygen to bum, an atomic fire 
needs neutrons. These neutrons 
come from the nuclei (cores) of 
atoms of U-235 or plutonium, each 
atom split releasing an average of 
two neutrons, these in turn split
ting two atoms which release four 
neutrons, thus starting a chain re
action. In an atomic bomb these 
neutrons are released at such an 
incredible rate that as many as 
two billion trillion atoms are split 
in less than one-millionth of a 
second. 

The explosion of an atomic bomb 
is analogous to spontaneous com
bustion, the explosion taking place 
as soon as a minimum amount of 
fissionable material (either U-235 
or plutonium) is assembled in one 
unit. This minimum amount is 
known as the critical mass. 

Amount a Top Secret 
The actual amount is a top se

cret, but for purposes of illustra
tion let us assume that it is ten 
kilograms. This would mean that 
as soon as ten kilograms of either 
U-235 or plutonium were assem
bled in one unit, the explosion 
would take place automatically, 
the reaction starting with a stray 
neutron from a cosmic ray coming 
from outer space. Hence to explode 
an atomic bomb, the ten kilograms 
would have to be divided into two 
parts that were brought together 
by a timing device after it had 
been dropped. 

The atomic bombs dropped over 
Japan and tested at Alamogordo, 
N. M., and at Bikini had a power 
of 20,000 tons of TNT, which cor
responds to the splitting of all the 
atoms in a kilogram of either 
U -235 or plutonium. 

This does not mean, however, 
that these bombs contained only 
one kilogram of the fissionable 
material, because that would mean 
an efficiency of 100 per cent, and 
while the actual efficiency of the 
bomb is a top secret, the handbook 
makes it clear that this is less 
than 100 per cent. 

This means that a certain per-
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centage of the atoms remain un
split after the explosion, going off 
as part of the great cloud of radio
active vapor that characterized 
the explosion. 

The explosion of an atomic bomb 
produces several effects, which 
vary greatly with the manner in 
which it is exploded. 

It is first of all a tremendous 
blast weapon, concentrating within 
itself (that is, the "nominal atomic 
bomb" used over Japan) the blast
ing power of 2,000 wartime ten
blockbusters. Its temperature after 
the explosion reaches more than 
1,000.000 degrees centigrade, and 
is thus a tremendous incendiary 
weapon, setting great fires in 
buildings and causing severe flash 
burns in human beings. 

Ra;nge of Effects 
However, and this is very impor

tant from the point of view of 
planning an effective civilian de
fense, the blast effect and the in
cendiary effect have an effective 
range within a rather limited ra
dius from the center of the explo
sion. So while little can be done for 
those unfortunates caught in the 
open within that central area, 
much can be done to take measures 
for reducing to a minimum the ef
fects of blast and fire in the region 
outside this area. 

Furthermore. as was the case 
in Japan, many secondary fires 
were started in outlying areas by 
flying debris, from overturned 
stoves. escaping gas, etc.. that 
efficient planning could eliminate 
altogether or reduce to a minimum. 

Many of those who died from 
burns ·that became infected be
cause of lack of first aid can be 
saved by the training of personnel 
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to give fil'St aid for flash burns. 
Many others could be saved from 
burns by training to duck for shel
ter. 

In addition to the blast and in
cendiary effects the explosion of 
an atomic bomb gives off large 
amounts of radiations. The most 
serious of these are the instan
taneous radiations that come off 
in the form of gamma rays, simi
lar in nature to very powerful 
X-rays. These last but a very short 
time, no longer than a flash of 
lightning, and like lightning kill 
those they strike. However. these, 
too. have a rather short effective 
range, and those who survive it, 
depending on the dosage they re
ceived, may be saved by proper 
measures. 

The second principal form of 
radiation released in the atomic 
bomb explosion is that from the 
fission products, some 200 split 
fragments of the exploded U-235 
or plutonium atoms. If the bomb 
is exploded some 2,000 feet above 
the ground, as it was in Japan, 
and in the air burst (Test "Able") 
over Bikini, these fragments go up 
in the great mushroom cloud to 
some 50,000 feet and are there 
widely dispersed so that they can 
cause little harm. 

On the other hand, if the bomb 
is exploded near the ground, as it 
was in Alamogordo, or under 
water, as in Test "Baker" at Bi
kini, these fission fragments may 
constitute ·a great hazard for some 
time. 

However, here too we have 
learned a great deal from the Bi
kini test as to the nature of the 
danger and how to avoid it by 
proper counter-measures. 



'Small' Bomb Found Impossible 

One of the items that has been 
causing alarm among the public 
is the recent talk about "small 
atomic bombs." 

It is known that one kilogram 
of the explosive material used in 
the bomb, Uranium 235 (U-235) or 
plutonium, is equivalent in energy 
to 20,000 tons of TNT, a ratio of 
20,000,000 to 1. So the talk about 
a "small" atomic bomb is leading 
to the dangerous impression that 
such an object or objects weighing 
a few pounds each, could be easily 
smuggled into the country and 
exploded simultaneously in most, 
if not all, of our important cities. 

Nothing can be further from the 
truth. In the handbook, the Amer
ican people are given the first offi
cial assurance, without any quali
fications, that "a 'small' effective 
atomic bomb cannot be made." 

There is a sound technical rea
son for this. An atomic bomb is 
exploded with neutrons-atomic 
bullets released when atoms of 
U-235 or plutonium are split in a 
chain reaction in which the neu
trons multiply themselves at the 
incredible rate of two billion tril
lion in less than a millionth of a 
second. 

Since these neutrons travel with 
speeds of more than 10,000 miles a 
second and can penetrate any sub
stance up to a certain thickness, 
the only way to keep them from 
escaping to the outside in numbers 
large enough to stop the chain re
action, which would prevent the 
explosion, is to have a quantity of 
explosive (fissionable) material 
that the neutrons in the interior 
will be unable to penetrate. 

The Critical Size 
This quantity is known as the 

critical mass, or critical size, and 
puts a definite lower limit below 
which no atomic explosion can 
take place. 

While the critical size can be 
diminished to some extent by sur-
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rounding the system with a suit
able neutron reflector, which re
duces the loss of neutrons that 
escape from the surface. the re
duction is not very great. 

The inexorable requirement for 
a minimum amount of material 
also puts an upper limit on the 
amount of material that can be 
used. This is because anything 
above the critical mass would 
explode spontaneously. 

Let us assume, for purposes of 
illustration, that the critical mass, 
the actual amount of which is top 
secret, is ten kilograms of either 
U-235 or plutonium. This would 
mean that anything below this 
amount would be too small to 
keep too many neutrons from 
escaping, so that no explosion 
could ever take place. 

On the other hand, as soon as 
a quantity totaling ten kilograms 
is brought together, the neutrons 
would start multiplying automati
cally and an explosion would take 
place in less than a millionth of 
a second. 

Hence, as explained yesterday, 
to explode an atomic bomb. two 
pieces, say, of one and nine kilo
grams, respectively, are made to 
come together by a timed trigger 
mechanism after the bomb is re
leased. 

Of course, the assembly could 
consist of two pieces of nine kilo
grams each, and, theoretically, it 
should be possible to bring to
gether several such pieces, thus 
producing a much larger explosion. 
However, it must be kept in mind 
that such a large assembly would 
have to be brought together in 
less than a millionth of a second, 
after which the bomb flies apart. 

Hence, should two pieces join, 
while the others lag a fraction of 
a millionth of a second behind, 
only the two pieces that came to
gether first would explode while 
the others would merely go off as 
hot vapor, without any of their 
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atoms being split. 
According to Dr. Louis N. Rid

enour, dean of the Graduate Col
lege of the University of Illinois, 
"no amount of ingenuity has yet 
allowed the design of an efficient 
fission bomb so much as two or 
three times critical size." 

Now if the atomic bomb con
sisted only of its explosive ma
terial, it would be very small in
deed. We know that the so-called 
"nominal atomic bomb" used on 
Japan exploded with a power equal 
to 20,000 tons of TNT, which is the 
total power of just one kilogram 
(2.2 pounds) of U-235 or pluto
nium. 

Matter of Timing 

Even assuming that the effi
ciency of the explosion was no 
more than 1 per cent, the critical 
mass would be no more than 100 
kilograms (220 pounds), while if 
the efficiency was 10 per cent, the 
amount of explosive material 
would be no more than 10 kilo
grams. 

However, to bring about an effi
cient explosion. in other words, to 
keep the bomb assembly from fly
ing apart at a stage when the 
number of atoms split equal only 
a few blockbusters, and to main
tain the assembly long enough 
until the amount of energy re
leased equals 2,000 blockbusters, 
very intricate and heavy parts are 
necessary. 

One of these, of course, is a 
heavy shell, since a light shell 
would disintegrate too quickly. An
other is what is known as a tam
per, which must be made of a sub
stance of very high density. Then 
there are the many intricate de
vices to bring the assembly to
gether at the instant of the ex
plosion. 

All these auxiliary parts of the 
bomb weigh many times more 
than the explosive material, so 
much so that it required the bomb 
bay of a B-29 to carry it. And 
the fact that the bomb needs 
large amounts of material of high 
density to serve as a tamper and 
as a reflector of neutrons, to
gether with the other intricate 
mechanisms to make certain that 
the explosion is at the highest pos
sible efficiency, makes a "small" 
atomic bomb than can be success-
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fullv htdden and smuggled an ab
solute impossibility. 

Of course, the bombs could be 
smuggled into a country in ships 
and exploded in the harbor, but 
they could be rather easily dis
covered if proper measures for 
searching suspicious vessels were 
instituted. 

It must be mentioned in passing 
that an unexploded atomic bomb 
does not give off any sizable 
amounts of radioactivity, to make 
possible their detection by means 
of Geiger counters. This makes 
necessary a thorough search of 
the suspected ship before it is al
lowed to dock. 

Not a Larger Bomb 
To design a more powerful bomb 

does not mean the building of a 
bomb larger in size, or one con• 
taining a large amount of fission
able material. What it calls for is 
to improve the efficiency of the 
explosion. 

For example, if our hypothetical 
critical mass of ten kilograms ex
plodes with an efficiency of 10 per 
cent we would have a bomb equal 
in power to 20,000 tons of TNT. If 
the efficiency of the explosion were 
improved to 20 per cent we would 
have a bomb equal to 40,000 tons. 

To improve efficiency would thus 
mean improved auxiliary mecha
nisms. such as a better tamper that 
would make possible the mainte
nance of the bomb's assembly for 
a few fractions of a millionth of a 
second longer before it flew apart, 
thus making possible the splitting 
of many more atoms. 

This is the incredible thing 
about the explosion of an atomic 
bomb, the release of such an enor
mous amount of energy in such an 
unbelievably short time. It takes 
less than a millionth of a second 
to split one gram of fissionable 
material, equal to only twenty 
tons of TNT. It takes only about 
a tenth of a millionth of a second 
longer to split a kilogram of the 
fissionable material, equal to 
20,000 tons. 

By holding it together for an
other fraction of a millionth of a 
second, two kilograms, equal to 
40,000 tons of TNT, would be split. 
It is thus an incredible race 
against time. measured in frac
tions of millionths of a second. 



While the official handbook 
deals with what may be called the 
"Model T" bomb of 1945 vintage, 
it gives scaling laws to extrapolate 
on the effects of larger bombs. 
Here it clears up a general mis
conception that a bomb twice the 
power will do twice the damage, 
which is far from true. 

Different Scaling Laws 
There are different scaling laws 

that apply to the different effects 
of an atomic explosion. The blast 
effect, for example, increases with 
the cube root of the power, so that 
a bomb eight times the power of 
the 1945 model. one equal to 160,-
000 tons of TNT, would increase 
its radius of destruction by the 
cube root of eight. 

This means that a bomb releas
ing 160,000 tons of TNT would pro
duce damage and casualties to 
about twice the distance from the 
center of the explosion as would be 
caused by a 20,000-ton bomb. 

Even the hydrogen bomb, which 
may reach an explosive power as 
high as 20,000,000 tons of TNT, 
1,000 times the 1945 model, would 
produce damage and casualties 
over a radius ten times greater, 
the cube root of a 1.000. 

When it comes to the incendiary 
effect, the increase in the radius 
of destructiveness goes by the 
square root of the power, so that 
you would need to increase the 
power of a bomb four, instead of 
eight. times to produce the in
cendiary effect over a radius twice 
as great as that of 20,000-ton mod
els. 

The official handbook provides 
the most detailed description yet 
to appear anywhere of the imme
diate visible effects of an atomic 
detonation, in the air and under 
water. These effects take place at 
such an incredibly rapid rate that 
actually no complete observations 
of all the phenomena have been 
made, some eluding even the high
est speed cameras. 

First come the phenomena of an 
air burst, an explosion at a dis
tance of about 2,000 feet above the 
earth's surface. The liberation of 
such a large amount of energy in 
a very short period within a limit
ed space results in an extremely 
high energy density, which causes 
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the fission products to be raised to 
a temperature of more than 1,000,-
000 degrees centigrade. The maxi
mum temperature in a convention
al high explosive bomb is about 
5,000 degrees. 

Since this material at the in
stant of the explosion is restricted 
to the region occupied by the orig
inal constituents of the bomb, the 
pressure is of the order of hun
dreds of thousands of atmospheres. 

Because of the extremely high 
temperature, there is an emission 
of energy by electromagnetic radi
ations, covering a wide range of 
wave-lengths, from infra red (heat 
rays) through the visible to the 
ultraviolet and beyond. Much of 
this radiation is absorbed by the 
air immediately surrounding the 
bomb, with the result that the air 
itself becomes heated to incande
scence. 

In this condition the detonated 
bomb begins to appear, after a few 
millionths of a second, as a lumi
nous sphere called the Ball of 
Fire. 

As the energy is radiated into 
a greater region, raising the tem
perature of the air through which 
it passes, the Ball of Fire in
creases in size, but the tempera
ture, pressure and luminosity de
crease correspondingly. 

After about one ten-thousandth 
of a second has elapsed, the radius 
of the Ball of Fire is some fortv
five feet, and the temperature ·is 
then in the vicinity of 300,000 de
grees centigrade. 

At this instant, the luminosity, 
as observed at a distance of 10,000 
yards (5.7 miles), is about 100 
times that of the sun as seen at 
the earth's surface. 

The Ball of Fire continues to 
grow rapidly in size for about fif
teen milliseconds (thousandths of a 
second), by which time its radius 
has increased to about 300 feet. 
The surface temperature has by 
then dropped to around 5.000 de
grees centigrade, although the in
terior is very much hotter. 

As the Ball of Fire grows a 
shock wave develops in the air. 
At first the shock front coincides 
with the surface of the Ball of 
Fire, but as the temperature drops 
below 300,000 degrees the shock 
wave advances more rapidly. In 
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other words, transfer of energy by 
the shock wave is faster than by 
radiation. 

The Shock Front 
Alth::mgh the rate of advance of 

the shock front, which reaches the 
vicinity of 15.000 feet per second, 
decreases with time, it continues to 
move forward more rapidly than 
the Ball of Fire. After the lapse 
of one second the Ball of Fire has 
essentially attained its maximum 
radius of 450 feet, and the shock 
front is then some 600 feet further 
ahead. After ten seconds the Ball 
of Fire has risen about 1,500 feet, 
the shock wave has traveled about 
12,000 feet and has passed the 
region of maximum damage. 

If the bomb is detonated at a 
height of less than 450 feet, the 
Ball of Fire can actually touch the 
earth's surface, as it did in the 
historic "Trinity" test at Alamo
gordo, N. M. Because of its low 
density the Ball of Fire rises, like 
a gas balloon, starting at rest and 
accelerating within a few seconds 
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to its maximum rate of ascent or 
300 feet per second. 

After about ten seconds from 
detonation. when the luminosity of 
the Ball of Fire has almost died 
and the excess pressure of the 
shock wave has decreased to vir
tually harmless proportions, the 
immediate effects of the bomb may 
be regarded as over, The emission 
of gamma rays and neutrons ac
companying fission, the most dead
ly forms of radiations, will also 
have ceased by this time, 

Soon after the detonation a 
violet-colored glow is observed, 
particularly at night or in dim day
light, at some distance from the 
Ball of Fire. This glow may per
sist for a considerable length of 
time, distinctly visible in the col
umn of cloud that forms after the 
Ball of Fire has disappeared. It is 
believed to be the ultimate result 
of a complex series of processes 
initiated by the action of gamma 
radiation on the nitrogen and oxy
gen in the air. 
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How to Recognize Nuclear Blast 

There is a sound reason why the 
official handbook on the effects of 
atomic weapons, issued by the De
partment of Defense and the 
Atomic Energy Commission as a 
guide in planning and executing 
effective civilian defense measures 
against possible attacks by atomic 
bombs, describes in detail the vari
ous spectacular phenomena accom
panying an atomic explosion. 

Very few people alive have seen 
an atomic explosion, and to know 
what it looks like is an essential 
for the education of large masses 
of people, so they would know how 
to behave in an emergency with 
calm and precision and, above all, 
without panic. 

The phenomena of an atomic ex
plosion are so spectacular, and 
they take place in such incredibly 
short time, measured in split sec
onds. that individuals surprised by 
the awe-inspiring, dazzling spec
tacle may lose precious seconds 
that might mean the difference be
tween life and death. 

Knowledge in advance what the 
phenomena are, will serve to elimi
nate the element of surprise. In an 
effective civilian defense, mental 
preparation is of equal importance 
with physical means of defense. 
The unprepared mind is the one 
most likely to succumb to panic 
and hysteria, and, when that hap
pens all physical measures are 
likely to become disorganized. 

Distinction of Explosions 
It also is necessary for the aver

age person to learn to distinguish 
between an atomic and an ordinary 
explosion. To mistake an atomic 
explosion for an ordinary one 
would lead to the needless loss of 
many lives. 

On the other hand, the mistaken 
identification of the explosion of 
an ordinary TNT bomb, or an in
cendiary, as an atomic explosion 
might lead to needless panic on the 
part of tens of thousands and to 

great disorganization in the life of 
a city. 

Depending on the height of the 
burst of the atomic bomb and on 
the nature of the terrain, high 
winds will occur in the immediate 
vicinity of the explosion. These, 
together with the air blast from 
the shock wave, will cause various 
amounts of dirt and other particles 
from the earth's surface to be 
sucked up. 

At first the rising Ball of Fire 
carries the particles upward, but 
after a time they begin to fall un
der the influence of gravity at 
various rates dependent on their 
size. Consequently, an ascending 
and expanding column of smoke is 
observed to form. It consists of 
water droplets, radioactive oxides 
of the fission products, and more 
or less debris, largely determined 
by the height of the explosion. 

The Mushroom Cloud 
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This is the spectacular mush
room-shaped cloud which rose to 
40,000 feet at Alamogordo and 
to 60,000 feet at Nagasaki. 

At the beginning its rate of rise 
is about 200 miles per hour, reach
ing 10,000 feet in 48 seconds. It 
reaches 15,000 feet in 1.5 minutes, 
when its rate of rise has dropped 
to 50 miles per hour; goes to 20,000 
feet in 2.6 minutes, a rate of rise 
33 miles per hour; 25.000 feet in 
4.6 minutes, rising at the rate of 
20 miles per hour, and to 30,000 
feet in 8.5 minutes when its rate 
of rise has dropped to 12 miles per 
hour. 

The height to which an atomic 
cloud will rise depends on the 
thermal energy emitted by the 
bomb, the temperature of the sur
rounding air, and the density of 
the air. The greater the energy 
liberated as heat, the larger will be 
the buoyancy thrust on the rising 
cloud, and hence the greater will 
be the distance it ascends. 
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It is believed that the maximum 
height attainable by an atomic 
cloud will be limited by the height 
of the base of the stratosphere. 

If the radioactive cloud should 
pass through a temperature inver
sion layer, a layer at which the 
temperature begins to increase 
again after it had been falling with 
increasing altitude in the atmos
phere, it will tend to "mushroom" 
to a small extent. 

Because the air in the inversion 
layer is fairly stagnant, some of 
the particles in the cloud will tend 
to spread out horizontally instead 
of continuing to move vertically. 
Nevertheless, as a result of the 
enormous heat energy of the hot 
gas bubble, most of the cloud will 
usually pass through an inversion 
layer. 

Upon attaining a region where 
the density of the gas bubble is 
the same as that of the surround
ing air, or upon reaching the base 
of the stratosphere, at about 
40,000 to 60,000 feet, where the 
temperature of the atmosphere is 
almost constant and there is prac
tically no motion to convection, 
the radioactive column will spread 
out for a distance of several miles 
and form the characteristic mush
room-shaped cloud. 

Having reached the final stage 
of its development, the cloud re
mains visible for an hour or more, 
until it is dispersed by the winds 
into the surrounding atmosphere. 

When the radioactive, metallic 
oxide particles in the cloud collide 
with the particles of dirt, which 
are in general considerably larger, 
they adhere. Consequently, the 
dirt particles in the cloud become 
contaminated with radioactivity. 
When the violence of the disturb
ance from the bomb has subsided, 
the contaminated dirt particles 
gradually fall back to earth, giv
ing rise to the phenomenon known 
as the "fall-out." 

The extent and nature of the 
"fall-out" will be det~rmined by 
the combination of circumstances 
associated with the height of the 
explosion, with the nature of the 
surface beneath, and with the 
meteorological conditions. If the 
height of the bomb burst exceeds 
a certain value, it is possible that 
there would be no detectable fall
out, since no extraneous particles 
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would be sucked into the cloud. 
The importance of the "fall-out," 

the handbook points out, lies in 
its radioactivity. Only in excep
tional circumstances would the in
tensity of the activity be great 
enough to constitute a hazard upon 
reaching the ground. 

The evidence from the Hiro
shima and Nagasaki explosions, 
where the height of the burst was 
about 2,000 feet, is that casualties 
ascribable to the radioactive "fall
out" were completely absent. 

Hazard of Fall-Out 
However, the handbook adds, 

if the bomb burst occurred rela
tively close to the ground, a situ
ation that would be uneconomical 
from the standpoint of the de
structive effect, and considerable 
amounts of dirt and other debris 
were sucked into the radioactive 
cloud, the fall-out would have to 
be considered as a danger. 

The fall-out, consisting mostly 
of water drops, would also be im
portant if the detonation took 
place at a low level above the 
surface of the water; and the 
presence of salt in the water would 
enhance the hazard. 

There was at one time consid
erable speculation about the pos
sible effects on the weather of an 
atomic burst, especially one over 
water. some forecasting violent 
weather reactions. Actually no 
such effects have been observed. 
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The handbook declares that a 
careful examination of all the 
available evidence would lead to 
the conclusion that an atomic bomb 
burst has a negligible effect on the 
weather. It would appear that the 
atom bomb could not be used ai; 
a rainmaker. 

So far, only one underwater 
atomic burst, the Bikini "Baker" 
test, has been reported. The burst 
was made well below the surface 
of the lagoon, which was about 
200 feet deep. From the results of 
this test many of the effects of 
a deep underwater burst can be 
inferred. Although there are cer
tain characteristic effects, the de
tails would vary with the depth 
and area of the water and the dis
tance below the surface at which 
detonation occurred. 

The Undenvater Blast 
In the underwater detonation a 

Ball of Fire is formed as in an air 



burst. As the writer can testify 
from personal observation, the 
water in the vicinity of the explo
sion on "Baker Day" was lighted 
by a luminosity that could have 
come only from the intense visible 
spectrum of the Ball of Fire. 

The general effect had the ap
pearance of light seen through a 
ground-glass screen, the distortion 
from the waves on the surface of 
the lagoon preventing any clear 
view of the ball. The luminosity 
remained for a few thousandths of 
a second, but it disappeared as 
soon as the bubble of hot gases 
constituting the Ball of Fire 
reached the surface, for then the 
gases were expelled and cooled. 

In the course of its rapid expan
sion the gas bubble, which now 
contains steam and its dissociation 
products, atomic hydrogen and 
oxygen, in addition to the fission 
residue, initiates a shock wave. 

The trace of this wave, as it 
moves outward from the burst, is 
evident, on a reasonably calm sur
face, as a rapidly advancing ring, 
apparently darker than the sur
rounding water. 

This ring, sometimes called the 
"slick," is visible in contrast to the 
undisturbed water because the rip
ples or small waves are partially 
calmed by the reflection of the 
shock wave as a rarefaction (suc
tion) wave at the surface of the 
water. 

The part of the shock that passes 
into air through the water surface 
causes the compression of the 
moist air. When this is followed 
by a suction wave, the conditions 
become favorable to the formation 
of a spherical cloud of vapor, 
known as the cloud-chamber effect. 

This manifested itself almost im
mediately after the Bikini under
water burst in a dome-shaped cloud 
that formed over the lagoon. This 
great dome, set ·in the midst of the 
ring from the shock, looked like 
a gigantic white derby hat with a 
huge garland ringing the top of its 
crown. 

After the appearance of the ring, 
or slick, a mound or column of 
broken water and spray, called the 
spray dome, is thrown up directly 
over the point of the burst by the 
reflection of the blast wave at the 
surface. The initial velocity of the 
water is proportional to the pres
sure of the incident shock wave, 
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and so it is greatest directly over 
the explosion. 

Consequently, water thrown up 
over the center rises more rapidly 
and for a longer time than water 
farther away. As a result the sides 
of spray dome become steeper as 
the water rises. Its upward mo
tion is terminated by the effects 
of gravity and the resistance of 
the air. 

Phenomenon of Plume 
The total time of rise and maxi

mum height attained depend on 
the energy of the explosion and on 
its depth below the surface. For a 
very deep burst the spray dome 
may not be visible at all. 

If the depth of the detonation of 
the bomb is not too great the 
bubble of hot gases will remain es
sentially intact until it rises to 
the surface of the water. At this 
point the gases, in the form of a 
jet, carrying some water by 
lateral entrainment, will be vented 
to the atmosphere. 

As the pressure of the bubble 
is released water rushes into the 
cavity, and the consequent com
plex phenomena cause the water 
to be thrown up as a hollow cylin
der, or chimney of spray, known 
as the Plume. The radioactive con
tents of the gas bubble are vented 
through this hollow Plume and 
form a gigantic mushroom-shaped 
cloud at the top. 

The Plume and its mushroom 
top are without doubt among the 
most spectacular and awe-inspir
ing phenomena to be seen. It was 
like watching the birth of a new 
continent rising resplendent out of 
the sea. 

A photograph of the Plume, 
taken with a super-speed camera, 
shows a small black smudge on its 
right edge. It was the 33,000-ton 
battleship Arkansas, lifted out of 
the water, suspended vertically in 
the air for a split second before 
it plunged to the bottom of the 
lagoon. A second photograph, 
taken less than a millisecond later, 
shows no trace of the Arkansas. 

Like a Cauliflower 
In the shallow underwater burst 

at Bikini, the conical spray dome 
began to form at about four milli
seconds (thousandths of a second) 
after the explosion. Its initial rate 
of rise was some 2,500 feet per 
second, but this was rapidly dimin
ished by air resistance. 
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A few milliseconds later, the hot 
gas bubble reached the surface of 
the lagoon and the Plume began to 
form, rapidly overtaking the spray 
dome at a height of a few thou
sand feet. 

The maximum height attained 
by the hollow Plume, through 
which the gases vented, could not 
be estimated exactly because the 
upper part was surrounded by 
cloud. It was probably some 8,000 
feet, and the greatest diameter 
was about 2,000 feet. It is now esti
mated that the maximum thick
ness of the walls of the Plume was 
about 300 feet, and that about a 
million tons of water rose in the 
Plume. 

Earlier estimates by scientists 
on the scene, made soon after the 
burst, placed the quantity of water 
raised in the Plume at ten to fif
teen million tons. 

The cloud, which concealed a 
large part of the upper portion of 
the Plume, resembled a cauliflower, 
rather than a mushroom. in shape. 
It contained some of the fission 
products and other bomb constit
uents. as well as water droplets. 
In addition, there is evidence that 
material sucked up from the 
bottom of the lagoon was also 
present, for calcarous sediment, 
which must have been part of the 
fall-out, was found on the decks of 
ships some distance from the burst. 

The Base Surge 
As the column of water and 

spray constituting the Plume fell 
back into the lagoon, there de
veloped, on the surface at the base 
of the column, a gigantic wave of 
mist about 1,000 feet in height, 
completely surrounding the neck of 
the Plume. 

This wave began to form within 
ten seconds of detonation, and 
traveled rapidly outward, main
taining an ever-expanding dough
nut-shaped form. The wave or 
wall of dense mist, much like the 
spray of the base of Niagara Falls 
or another waterfall of consider
able height, represents the initia
tion of what is known as the base 
surge. It is, in effect, a dense 
cloud of liquid droplets which has 
the property of flowing almost as 
if it were a homogeneous fluid. 

As the base surge at Bikini 
traveled outward at high speed, it i 

17 

"'! 
".> 

gradually lifted from the surface of 
the lagoon and, after about five 
minutes, assumed the appearance 
of a mass of strato-cumulus cloud, 
which eventually reached a thick
ness of some thousands of feet. 

A moderate to heavy rainfall, 
moving with the wind and lasting 
for nearly an hour after the ex
plosion, developed from this cloud 
mass. In its early stages the rain 
was augmented by the small water 
droplets, equivalent in a sense to 
the fall-out of an air burst, still 
descending fram the cloud. 

All Debris Radioactive 
Were it not for the fact that 

base surge is highly radioactive, 
because of the presence of fission 
products, it would represent mere
ly a curious phenomenon. Because 
of its radioactivity, however, which 
is augniented by that of the water 
droplets in the fall-out, it may 
represent a serious hazard for a 
distance of several miles, especially 
in the doWnwind direction. 

There are reasons for believing 
that the base surge can be pro
duced only in fairly deep water. 
In the event of a sufficiently deep 
underwater atomic burst, the hot 
gas bubble would lose its identity 
in a mass of turbulent water be
fore it reached the surface and 
vented to the atmosphere. In this 
case, the spray dome would be 
relatively insignificant and no 
Plume would be formed. Hence 
there would be no formation of a 
base-surge and no appreciable 
fall-out. 

The disintegration of the gas 
bubble into a large number of very 
small bubbles, which are churned 
up with the water, would produce 
a radioactive foam or froth. When 
this reached the surface, a small 
amount of radioactive mist would 
be emitted, but most of the ac
tivity would be retained in the sea 
water. The deposition of the 
highly active foam on a near-by 
shore might, however, represent a 
hazard. 

It seems possible, the handbook 
adds, that a base surge, made up 
of small solid particles, rather 
than droplets of water, but still 
behaving like a fluid, might result 
from an atomic bomb burst below 
a soft terrain consisting of sand 
and mud. The debris would, of 
course, be very radioactive. 
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Extent and Degree of Nuclear 
Desolation Are Depicted 

The shock wave produced by an 
air-burst atomic bomb is, from the 
point of view of weapon delivery 
and disruptive effect, the most 
important agent in producing de
struction. 

This implies that the other 
characteristics of an atomic bomb 
that can be employed in warfare, 
such as heat and visible radiations, 
neutrons, gamma rays, and fission 
products, are at present not seri
ous competitors in the production 
of damage by a bomb that is burst 
in the air. 

There are, of course, other appli
cations, such as the possible use 
of an atomic weapon as an instru
ment of radiological warfare by 
exploding it in a conveniently 
located body of water, to produce 
a base surge (described yester
day), or in restricting the escape 
of fission products by means of a 
subterranean explosion. The bomb 
might also be employed to produce 
earth or water shock through a 
subsurface explosion. 

Such uses, although potent, 
must. because of the restrictive 
conditions placed on the delivery 
problem and the target location 
and configuration, be regarded as 
special applications of the varied 
destructive characteristics of the 
bomb. 

There is an important difference 
between the effects of an atomic 
bomb blast and those of a conven
tional high-explosive bomb. 

The Mass Distortion 
The great power of the former 

results in a destruction feature 
called mass distortion of build
ings. An ordinary explosion usu
ally will damage only part of a 
large structure, but the atomic 
blast can engulf and flatten whole 
buildings. 

Further, because the shock wave 
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of an atomic explosion is of rela
tively long duration, of the order 
of a second as compared with a 
few milliseconds for a convention
al bomb. most structural failures 
occur during a small part of the 
positive phase while the pressure 
is essentially constant. 

An examination of the areas in 
Japan affected by atomic bombing 
shows that small masonry build
ings were engulfed by the oncom
ing pressure wave and collapsed 
completely. Light buildings and 
residences were totally demolished 
by blast and fire. Manufacturing 
buildings of steel construction were 
denuded of roofing and siding, and 
only the twisted frames remained. 

Nearly everything above ground 
at close range, except reinforced
concrete smoke stacks, was de
stroyed. Some buildings leaned 
away from ground zero, the center 
of damage, as if struck by a hur
ricane of stupendous proportions. 
Telephone poles were snapped off 
to ground level, carrying the wires 
down with them, and gas contain
ers ruptured and collapsed. 

Heat, Fire and Blast 
Many buildings that at a dis

tance appeared sound were found 
on close inspection to be damaged 
and ruined by fire. Telephone poles 
were charred and granite surfaces 
were etched by heat and by sand 
blasting from the high winds car
rying abrasive material. 

There were many evidences of 
the effect of radiant heat in start
ing fires and in scorching and dry
ing out materials that were not 
highly combustible. All vehicles at 
close range were damaged by 
blast and burned out. Most im
portant, water pressure was lost 
by the breaking of pipes, mainly as 
a result of the collapse of build-
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ings, thus greatly increasing the 
additional destruction by fire. 

Certain structures in Japan were 
designed to be earthquake-resist
ant, which probably made them 
stronger than their counterparts 
in the United States, while other 
construction undoubtedly was 
lighter than that in this country. 

However, contrary to popular 
conceptions about the flimsy char
acteristics of the Japanese resi
dence, it is the considered opinion 
of a group of highly qualified 
architects and engineers who sur
veyed the atomic bomb damage 
that the resistance to blast of 
American residences in general 
would not be markedly different 
from those in Hiroshima and 
Nagasaki. 

Some Conclusions 
From the observations made in 

Japan it is possible to draw some 
conclusions about the blast dam
age to be expected at various dis
tances from ground zero for an air 
burst of a "nominal atomic bomb," 
equal to 20,000 tons of TNT. On the 
assumption that the height of the 
burst is such as to inflict maximum 
damage, the various types of dam
age and the radii within which 
they may be expected to occur, will 
be as fallows : 
1. Virtually complete destruction 

will occur to a radius of about 
one-half mile from ground zero, 
corresponding to an area of de
struction of about three-quarters 
of a square mile. 

2. Severe damage, defined as major 
structural damage that would 
result in collapse or liability to 
collapse of the building, will 
occur to a radial distance slight
ly in excess of one mile from 
ground zero. This corresponds to 
an area of four square miles in 
which the damage ranges from 
severe to destructive. 

3. Moderate damage short of major 
structural damage but sufficient 
to render the structure unusable 
until repaired, will occur to 
radius of about 1 % miles, giv
ing an area of eight square miles 
in which the damage ranges 
from moderate to destructive. 

4. Partial damage will be inflicted 
to a radius of about two miles, 
adding four square miles of dam
age area, and making a total 

19 

....... 

of twelve square miles subject 
to some degree of damage and 
window destruction. 

5. Light damage, which is mostly 
plaster damage and window 
breakage, may extend to a radius 
of eight miles or more, giving a 
light damage area of 200 square 
miles. Actually these distances, 
at which window and light plas
ter damage will be inflicted, vary 
appreciably with the meteorolog
ical conditions at the time of the 
detonation and may be consider
ably greater under conditions 
that provide a temperature in
version in the lower atmosphere. 

In the Report of the British 
Mission to Japan on "The Effects 
of the Atomic Bombs at Hiroshima 
and Nagasaki," it was estimated 
that in a British city such as Lon
don the Nagasaki bomb would 
have ( 1) caused complete collapse 
of normal houses to a distance of 
3,000 feet from ground zero; (2) 
damaged beyond repair out to 5,280 
feet; (3) rendered uninhabitable 
without extensive repair out to 
7,920 feet, and (4) rendered unin
habitable without minor repairs 
out too 13,200 feet. 

In Nagasaki there were many 
steel buildings used for manufac
turing. Construction was generally 
comparable to that in the United 
States. The first effect of blast 
was to strip off the siding and 
roof material, which consisted of 
corrugated sheet metal or asbestos 
cement. Since this did not occur 
instantaneously, a large impulsive 
force was applied to the frame. 
Severe damage occurred up to a 
distance of 6,000 feet. 

There were several types of 
failure of such structures. Close 
to the explosion the buildings were 
pushed over, and at greater dis
tances they were in many cases 
left leaning away from the source 
of the blast. The long and slender 
columns offered little resistance to 
the lateral force. 

Sometimes columns failed by a 
combination of lateral force, caus
ing flexure, at the same time that 
an increased downward load came 
from the vertical component of 
blast on the roof. This caused 
buckling and collapse. Roof trusses 
were buckled by compression ·re-



suiting from blast on the exposed 
side of the building. 

The Public Utilities 
In Nagasaki the public utility 

system was comparable to that in 
an American city of 30,000 popula
tion except that open sewers were 
used. Damage to the water supply 
essential for fire fighting was of 
the greatest significance. This 
was not caused by failure of the 
underground mains, but by loss of 
pressure through breakage of pipes 
in houses and buildings. 

Earth surface depressions up to 
one foot in depth were observed at 
scattered points in a filled-in area 
at a maximum distance of 2,000 
feet from ground zero. 

This caused a series of failures 
of 12-inch cast-iron water pipes 
three feet below grade, the break
age probably caused by an unequal 
vertical displacement. There was 
no serious damage to reservoirs 
and water-treatment plants be
cause they were at too great a 
distance. 

Utility poles were destroyed by 
blast or tire, and overhead utilities 
were heavily damaged at distances 
up to 10,000 feet. Underground 
electrical conduits were little af
fected. Switch gear and trans
formers were not damaged directly 
by blast but by secondary effects, 
such as collapse of the structure in 
which they were, or by debris. Mo
tors and generators were damaged 
by fire. 

Gas containers were heavily 
damaged by blast at 6,600 feet and 
the escaping gas was ignited, but 
there was no explosion. Gas mains 
suffered no observable damage. 
Street railway equipment was 
heavily damaged by fire and blast. 

Buses and automobiles were, in 
general, also damaged by blast and 
were burned out at shorter dis
tances. As an example, an Amer
ican made car was heavily dam
aged and burned at 3,000 feet, 
while one at 6,000 feet suffered 
only minor damage. 

Damage to Caves 
Caves were used to a large ex

tent for shelter, although there 
were many timber, semi-buried 
shelters with an earth cover of 
about eighteen inches. These were 
not particularly well built, yet in 
some cases they survived at a dis-
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tance of 900 feet, and none was 
damaged beyond half a mile. 

Bridges made of wood were 
burned in most cases, but the steel
girder bridges suffered little dam
age. One bridge, only 260 feei 
from ground zero, which was a 
girder type and had a reinforced 
concrete deck, showed no sign of 
any structural damage. It had ap
parently deflected and rebounded, 
causing a slight movement. 

Other bridges at greater dis
tances suffered more lateral shift
ing. A reinforced-concrete deck 
was lifted from the supporting 
steel girders of one bridge, pre
sumably because of the reflected 
blast wave from the water below. 

While the destructive effects ob
served in Japan are comparable in 
general to those to be expected in 
the United States, there are some 
differences. There is also the ques
tion of damage to the large bridges 
of many American cities for which 
there is no direct guide from dam
age to the small bridges in Japan. 

The multi-story buildings in this 
country are generally designed to 
withstand a wind load of fifteen 
pounds per square foot. For an 
average six-story, reinforced con
crete, frame building this would 
be roughly equivalent to 2 per cent 
of the vertical load. 

On this basis, American rein
forced-concrete buildings would be 
much less resistant to collapse 
than those designed for earthquake 
resistance in Japan. However, no 
firm conclusions can be drawn on 
this subject, because most Ameri
can buildings have lateral strength 
far more than that required to 
withstand a fifteen pounds per 
square foot wind load. 

Requirements in West 
In the eleven Western States of 

this country, the building codes 
provide for the design of struc
tures to resist horizontal, earth
quake forces varying from 2 to 16 
per cent of the vertical load, which 
is usually taken as dead load plus 
half the vertical design live load. 
There are three earthquake zones, 
the Pacific Coast area having the 
highest requirements. 

The design specifications, as 
stipulated in the building codes, 
are similar to those for wind loads, 
with a 33 per cent increase in the 
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allowable working stresses. These 
buildings would be proportionately 
more resistant as the ratio of the 
horizontal to the vertical load in
creased. 

The effect on steel-frame build
ings, such as multiple storied of
fice and hospital structures, should 
be about the same as that on rein
forced concrete buildings, except 
that steel has a somewhat greater 
energy absorption capacity than 
reinforced concrete. 

This is because of the fact that, 
with usual design stresses, the 
work necessary to produce failure 
in steel is greater in proportion 
than in reinforced concrete. Conse
quently, tall buildings with heavy 
steel frames, constructed so as to 
provide good continuity at connec
tions, and a long period of vibra
tion. should withstand the effect 
of blast quite well. 

American steel industrial build
ings would probably fare no better 
than those in Japan, according to 
expert opinion. The sawtooth roofs 
designed as rigid frames would be 
especially vulnerable to blast dam
age. 

Tests made on typical housing 
of wood-frame construction with 
conventional bombs up to 500 
pounds and at various distances 
indicate a high degree of resistance 
against blast beyond thirty feet. 

While no direct interpretation of 
these results can be made with re
gard to the blast from a large 
explosion, which would have quite 
different characteristics, it is be
lieved that the radius of material 
structural blast damage would not 
exceed 7.500 feet. This is slightly 
less than that in Nagasaki where 
the severe damage to houses ex
tended to 8,500 feet. 

Air Bursts O\'er Water 
From the data obtained in the 

Bikini "Able" air burst, it may 
be concluded that the general na
ture of the damage to houses and 
other buildings and installations 
on shore by air burst over water 
would be much the same as air 
burst over land. 

Destruction of ships and their 
contents would be almost entirely 
from the shock wave in air. From 
the results observed at Bikini, it 
appears that, up to about 2,500 to 
3.000 feet of horizontal distance 
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from the explosion, vessels of all 
types would suffer serious damage 
or would be sunk. Moderate dam
age would be inflicted out to 4,000 
feet, and minor damage would be 
expected to occur within a radius 
of 6,000 feet. 

Because of the shock wave trans
mitted through the air, exposed 
structures, such as masts, spars, 
radar antennae, etc., would be ex
pected to suffer damage. This 
would be severe up to 3,000 or 
3.500 feet from the explosion. 

With the same radius, vehicles 
and airplanes on the ships, and 
other light structures and elec
tronic equipment would be serious
ly damaged. Boilers would be ex
pected to suffer heavy damage up 
to 2,700 feet, moderate damage to 
4,000 feet and light damage to 
nearly 5,000 feet. This would ac
count for most cases of immobili
zation. 

The damage to be expected from 
an underground detonation ap
pears to be less than from an air 
burst. It has been estimated that 
a bomb dropped from the air, 
which penetrated to a depth of 
forty to fifty feet below the sur
f ace before exploding, would cause 
blast damage over radii of about 
one-half to two-thirds of the radii 
for corresponding damage due to 
an air burst. 

However, the reflection of the 
shock wave from rock strata, at 
depths of less than 200 to 300 feet 
beneath the point of detonation, 
would probably result in an appre
ciable increase in the area of dam
age. 

If a nominal atomic bomb were 
dropped in such a manner as to ex
plode at a depth of about fifty 
feet in ordinary soil, a crater of 
about 800 feet in diameter and 100 
feet in depth would be produced. 
Tests indicate distributions of ap
preciable quantities of crater ma
terial to a radius of one mile down
wind and 0.2 mile upwind. The 
material expelled from the crater 
would be highly radioactive, be
cause of the presence of trapped 
fission products and of material 
activated by neutrons. 

The major portion of the shock 
from a shallow underwater explo
sion is propagated through the 
water. The sinking range of all 



types of surface vessels would be 
in the neighborhood of 1,200 to 
1,800 feet, from surface zero, cen
ter of damage on the surface, for 
burst of a nominal atomic bomb. 
Some ships would probably be sunk 
out to 2, 700 feet, but others in this 
range would suffer considerable 
structural damage. 

Serious loss of efficiency is to be 
anticipated within a radius of 3,600 
feet from surface zero. Even at 
this distance the peak pressure of 
the underwater shock wave would 
be over 500 pounds per square 
inch. Submerged submarines would 
probably be lost out to 2,700 feet 
from the explosion. 

A not inconsiderable amount of 
the shock from a shallow under
water explosion is transmitted as 
a shock wave in the air. The data 
obtained at Bikini indicate that the 
energy of the air shock for a nomi
nal atomic bomb is roughly equiva
lent to 4,000 tons of TNT. Such a 
shock would, of course, be capable 
of producing extensive destruction. 

The data indicate that a shallow 
underwater atomic bomb burst 
within something like half a mile 
from shore would cause serious 
damage to harbor fadlities and to 
warehouses and other structures 
near the water. Partial damage 
would extend to somewhat over 
one mile. Light damage, mainly 
cracking of plaster and window 
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breakage, would occur for a dis
tance up to four miles. 

This means that if the bomb were 
detonated under water more than 
one mile from shore, the struc
tural damage on land would not be 
·serious. 
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At one mile from surface zero at 
Bikini, the maximum height of the 
wave formed in the water, from 
trough to crest, was about twenty 
feet. Even at a distance of two 
miles, the wave height reached a 
maximwn of ten feet. The water 
at Bikini was moderately deep, so 
that for an explosion in shallow 
water the waves at the same 
distance would be twice as high. 
Such waves breaking over the 
shore could do serious harm to port 
facilities and warehouses. 

The general type of damage en
suing from a deep underwater 
burst would approximate those fol
lowing from a shallow one, since 
the effects would be from the shock 
wave transmitted through the 
water. Shock damage to machinery 
in ships, resulting in immobiliza
tion, would extend to 4,500 feet. 

Apart from damage caused by 
waves, it is believed that, with the 
possible exception of piers and 
breakwaters, little harm would re
sult to harbor and shore installa
tions as a consequence of a deep 
underwater explosion of an atomic 
bomb. 
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Damage From an Atomic Bomb 
Following is a table of the air-blast damage of an atomic 

bomb as charted from the explosion at Hiroshima and Nagasaki: 

0 Feet ("Ground Zero,' Center of Damage) 
Air burst of an atomic bomb. 

1,000 Feet 
Decks of steel plate girder bridge shift laterally. 

2,000 Feet 
Limit of severe structural damage to earthquake-resist

ant reinforced concrete buildings. 
Reinforced concrete buildings collapse, 10-inch walls, 

6-inch floors. 
Mass distortion of heavy steel frame buildings. 
Loss of roofs and panels. 

3.000 Feet 
Virtually complete destruction of all buildings, other 

than reinforced concrete aseismic design. 
4,000 Feet 

Reinforced concrete smoke stack with 8-inch walls over
turned. 

Roof tiles bubbled (melted by heat). 
Eighteen-inch brick walls completely destroyed. 

5,000 Feet 
Twelve-inch brick walls severely cracked. 
Steel frame building destroyed (mass destruction of 

frame). 
Light concrete buildings collapse. 

6,000 Feet 
Severe damage to entire area. 
Severe structural damage to steel frame building. 
Nine-inch brick walls moderately cracked. 
Electrical installations and trollev cars destroved. 
Multi-story brick buildings compietely des"royed. 

7,000 Feet 
Structural damage to multi-story brick buildings. 

8,000 Feet 
Severe damage to homes, heavy damage to window 

frames and doors, foliage scorched by radiant heat. 
9,000 Feet 

Heavy plaster damage. 
Moderate damage to area. 

10,000 Feet 
Blast damage to majority of homes. 
Severe fire damage expected. 
Flash ignition of dry combustible materials. 

11,000 Feet 
Flash charring of telegraph poles. 
Roof and wall covering on steel frame building damaged. 
Partial damage to structures in area. 

12,000 Feet 
Light damage to window frames and doors, moderate 

plaster damage, complete window damage. 
8 Miles 

Limit of light damage. 

2.1 
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Underwater explosion of atomic bomb at Bikini on July 25, 1946, lifts gigantic "mushroom" of water and steam 5,500 feet, more than a mile, above the test fleet. 
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Nuclear Blast Triple Threat 

The explosion of an atomic bomb 
produces three major effects, 
which make it three major weap
ons in one. 

It devastates by blast, by heat 
and by radioactivity. It has been 
estimated that the blast wave, in 
an air burst, is responsible for 50 
to 60 per cent of the deaths; the 
heat-flash for 20 to 30 per cent, 
and radioactivity for 15 to 20 per 
cent. 

An important difference between 
an atomic and a conventional ex
plosion is that the energy liber
ated per unit mass is much greater 
in the atomic blast. As a conse
quence, the temperature attained 
is much higher, with the result 
that a larger proportion of the 
energy is emitted as thermal radi
ation (heat I at the time of the 
explosion. 

An atomic bomb, for example, 
releases roughly one third of its 
total energy in the form of this 
radiation. For the nominal atomic 
bomb, equal to 20,000 tons of TNT, 
the energy emitted in this manner 
would be about 6.7 trillion calories, 
which is equivalent to about 8,000,-
000 kilowatt hours. 

It is evident that such an enor
mous amount of radiant energy 
would produce considerable dam
age to living organisms and to 
combustible materials. 

When the radiation falls on mat
ter, part may be reflected, part 
will be absorbed, and the remain
der, if any, will pass through, ulti
mately to fall "n other portions of 
matter. It is the radiation ab
sorbed that is important for the 
present purpose. 

The extent of this absorption de
pends on the nature of matter and 
also upon its color. A black mate
rial will absorb a much larger pro
portion of the thermal radiation 
falling upon it than will the same 
material when colored white. Most 
of the absorbed thermal radiation 
is converted directly into heat. 
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Some High Temperatures 
It has been estimated that in 

the atomic explosions in Japan, 
which took place some 2,000 feet 
above the ground, the temperature 
at ground zero, from thermal ra
liation, was probably between 3,000 
and 4,000 degrees Centigrade, 5,400 
to 7,200 degrees Fahrenheit. It is 
true that the temperature fell off 
rapidly with increasing distance 
from the burst, but the effects were 
definitely noticeable as far as two 
miles away or more. 

An important point in connec
tion with the thermal radiation 
from an atomic bomb is not only 
the amount of energy in this radia
tion, but also the fact that nearly 
the whole of it is emitted in an 
extremely short time, about three 
seconds from the initiation of the 
explosion. In other words, the in
tensity 01 the radiation, which is 
a measure of the rate at which it 
reaches a particular surface, is 
very high. 

Because of this high intensity, 
the heat accompanying the absorp
tion of thermal radiation is pro
duced rapidly, most of it on the 
surface of the body upon which it 
falls. Since only a small propor
tion of the heat is dissipated by 
conduction during the short inter
val, high surface temperatures are 
attained. 

A set of data Ji.ave led to the 
conclusion that exposure to thermal 
radiation from a nominal atomic 
bomb, on a fairly clear day, would 
lead to more or less serious skin 
burns within a radi•1s of 10,000 
feet from ground zero. This 's in 
general agreement with the experi
ences in Japan. 

However, in spite of its great 
range, protection from thermal 
radiation is easily achieved. The 
rays travel in straight lines, and 
so only direct exposure, in the open 
or through windows, would lead to 
harmful coruiequences. Shelter be
hind almost any object, such as 
anywhere in the interior of a house, 
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away from windows, of course, or 
behind a tree, or even protection of 
one part of the body by another 
so as to avoid direct exposure to 
the atomic Ball of Fire, would be 
effective. 

Only fairly close to ground zero 
would the thermal radiation be 
expected to penetrate clothing, and 
so parts of the body covered in 
this way are generally safe from 
thermal radiation burns. 

The "Flash-Burns" 

One of the striking facts con
nected with the atomic bombing of 
Japan was the large number of 
casualties attributed to what have 
been called "flash-burns," caused 
by the instantaneous thermal radi
ation. It has been estimated that 
20 to 30 per cent of fatal casual
ties at Hiroshima and Nagasaki 
were from such burns, as distinct 
from those who suffered the more 
familiar flame burns. 

Thermal radiation burns were 
recorded at a distance of 7,500 feet 
from ground zero at Hiroshima 
and as far as 13,000 feet at Naga
saki. The incidence of these burns, 
as might have been expected, was 
inversely related to the distance 
from the explosion. 

A very distinctive feature of the 
thermal radiation burns was their 
sharp limitation to exposed areas 
of the skin facing the center of 
the explosion. They were conse
quently sometimes referred to as 
"profile burns." This is because of 
the fact mentioned above that ra
diation travels in straight lines. 
and so only regions directly ex
posed to it will be affected. 

A striking illustration of this be
h"l vior was that of a man writing 
before a window. His hands were 

· seriously burned, but his face and 
neck. which were not covered. suf
fered only slight burns because the 
ang-le of entry of the radiation was 
such as to place them in partial 
shadow. 

Although thermal radiation burns 
were largely confined to exposed 
oarts of the body, there were a 
rew cases in which such burns oc
curred through one, and very oc
casionally more, layers of cloth
ing. Instances of this kind were 
observed only near the center of 
the explosion. 
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Where burns did occur through 
clothing, these tended to involve 
regions where the clothes were 
tightly drawn over the skin, at the 
elbows or shoulders, for example, 
while areas where the clothing 
fitted loosely were unharmed. 

Case of the Kimono 

Because white or light colors re
flected the thermal radiations, 
they generally afforded better pro
tection than dark clothing. Thus 
it was not unusual to find burns 
through black clothing, but not 
through white material worn by 
lhe same individual. 

This was strikingly shown in the 
case of a woman clad in a kimono 
at the time Of the explosion. Her 
back and arms were badly burned 
in a pattern corresponding to the 
dark portions of the kimono, while 
the skin under the light portions 
was unaffected. 

:Studies on the part played by 
the ultra-violet range of the ther
mal radiations have led to the con
clusion that the ultra-violet radia
tions from an atomic bomb do not 
make the major contribution to 

1 skin injuries. This means, there
fore. that the infra-red radiation is 
the main factor in causing the 
flash-burns. 

This is a subject of more than 
mere scientific interest. If it is the 
infra-red that is the most impor
tant, then there is the possibility 
that a person caught in the open 
by the explosion of an atomic 
bomb might have sufficient time 
to take cover. or other appropriate 
<wasive action, thus reducing the 
thermal radiation damage. 

This would be possible because 
most of the infra-red radiation is 
emitted by the Ball of Fire in its 
later stages, following the second 
temperature maximum, 7,000 de
grees Centigrade; that is to say, 
from about 0.3 to three seconds 
after the explosion. 

Thus, if protection could be 
found within one second of the ex
plosion, the exposure to infra-red 
radiation would be very roughly 
one-third of the total amount re
ceived at that distance. Under 
many circumstances this differ
ence would be very significant. 
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Blast Kills Fire 
At distances close enough to the 

explosion to cause actual ignition 
of wood, etc,, the blast wind, com
ing within a few seconds, gener
ally would be strong enough to 
blow out the flame. 

For this reason it would appear 
that relatively few of the numer
ous fires, which developed almost 
instantaneously after the atomic 
bombings of Japan out to distances 
of 4,000 to 5,000 feet from ground 
zero, that is, almost to the limit of 
severe blast damage, were directly 
caused by thermal radiations from 
the bombs. 

It is probable that most of the 
fires origmated from secondary 
causes, such as upsetting of char
coal or wood stoves, which were 
common in Japanese homes; elec
trical short circuits; broken gas 
lines, and so on, which were a di
rect effect of the blast wave. In 
several cases, fires in industrial 
plants were started by the over
turning of furnaces and boilers, 
and by the collapse of buildings 
upon them. 

It is true that fire-fighting serv
ices and equipment were poor by 
American standards, but it is 
doubtful if much could have been 
achieved, under the circumstances, 
by more efficient fire departments. 

At Hiroshima, for example, 70 
per cent of the fire-fighting equip
ment was crushed in the collapse 
of firehouses, and 80 per cent of 
the personnel were unable to re
spond. Even if men and machines 
had survived the blast, many fires 
would have been inaccessible be
cause of the streets being blocked 
with debris. 

Another contributory factor to 
the destruction by fire was the 
failure of the water supply in both 
Hiroshima and Nagasaki. The 
pumping stations were not largely 
affected, but serious damage was 
sustained by distributing pipes and 
mains. Most of the lines above 
ground were broken by collapsing 
buildings and by heat from the 
fires that melted the pipes. 

The Fire Storm 
About twenty minutes after the 

detonation of the atomic bomb at 
Hiroshima there developed the 
phenomenon known as fire storm. 
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This consisted of a wind that blew 
toward the burning area of the 
city from all directions, reaching 
a maximum velocity of 30 to 40 
miles per hour, two to three hours 
after the explosion, decreasing to 
light or moderate and variable in 
direction about six hours later. 

It should be noted, however, that 
the fire storm was by no means a 
special characteristic of the atomic 
bomb. Similar fire storms have 
been reported as accompanying 
large conflagrations in the United 
States, and especially afte• incen
diary bomb attacks in both Ger
many and Japan during World 
War II. 

The nigh winds are produced 
largely by the updraft of the 
heated air over an extensive burn
ing area. They are thus the 
equivalent, on a very large scale, 
of the draft that sucks air up a 
chimney under which a fire is 
burning. 

In addition to the flash-burns, 
many of the casualties from the 
atomic bomb explosions were 
caused by flame burns. In build
ings collapsed by the blast, many 
persons who might otherwise have 
survived their injuries were 
trapped :ind burned. The burns 
suffered were of the kind that 
might accompany any fire and 
were not especially characteristic 
of an atomic explosion. 

Burns of both types, flash and 
flame, were believed to be respon
sible for more than half of the 
fatal casualties and probably at 
least three quarters of all the cas
ual ties at Hiroshima and Naga
saki. 

The magnitude of the problem, 
therefore, points to the necessity 
for making adequate preparations 
for dealing with large numbers of 
burned patients in the event of an 
emergency. This means the train
ing of great numbers in giving the 
most rudimentary first aid for 
burns, because a sufficient number 
of doctors and nurses could not be 
provided. 

The explosion of an atomic 
bomb is accompanied by the emis
sion ot nuclear radiations, consist
ing of gamma rays, similar in na
ture to X-rays, neutrons, beta par
ticles (electrons• and a small pro
portion of alpha particles (nuclei 

., 
,,. ··~ 
.,J 

of helium atoms). Radiations 
emitted within a mmute of the 
detonation are referred to as ini
tial nuclear radiations. Those 
emitted after more than a minute 
are known as residual. 

The initial radiations of impor
tance to us are the gamma rays 
and the neutrons Both have con
siderable penetrating power, so 
that thev can reach the earth even 
when liberated at appreciable dis
tances away. Both can produce 
harmful effects on living organ
isms. 

The energy of the gamma rays 
present in the instantaneous, or 
prompt nuclear radiation 1s about 
3 per cent of the total energy lib
erated by the bomb, but only a 
small proportion of this, perhaps 1 
per cent. succeeds in penetrating 
any great distance from the bomb. 
A somewhat similar amount is 
present in the gamma rays emit
ted by the fission products in the 
first minute after an atomic ex
plosion. 

Nevertheless, in spite of the 
energy being considerably smaller 
than that appearing in the form of 
thermal radiation, the gamma ra
diation can cause an appreciable 
proportion of the atomic bomb 
casualties. On the other hand, 
nuclear radiations do not have any 
incendiary effect. 

Shielding from gamma rays or 
neutrons is not the simple matter 
of shielding against thermal radia
tion. For example, at a distance 
of 3,000 feet from the explosion of 
a nominal atomic bomb, the initial 
nuclear radiation would probably 
prove fatal to 50 per cent of hu
man beings, even if protected by 
twelve inches of concrete. 

However, beyond about 7,000 feet 
the nuclear radiations would be 
virtually harmless, without protec
tive shielding, whereas exposure to 
thermal radiation at this distance 
could produce serious skin burns. 

Radiation Dosage 

Radiation dosage Is measured 
in terms of a unit called the roent
gen, or the r. It is usually accepted 
that a dose of 400 r of radiation 
over the whole body in the course 
of a few minutes represents the 
median lethal dose that would be 
fatal to about 50 per cent of human 
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beings. The median lethal range 
of the gamma radiation from a 
nominal atomic bomb is about 
4,200 feet. 

Thus a large proportion of hu
man beings exposed to the initial 
gamma rays within 4,200 feet of 
an atomic explosion would die 
from radiation sickness. If part 
of the body were protected by a 
suitable shield, it is probable that 
a larger dose than 400 r would not 
prove fatal. Ordinary clothing 
can in no sense be regarded as 
protective. 

At less than 2,100 feet from the 
explosion, physical and thermal 
destruction are so serious in un
protected regions that radiological 
injury does not need consideration. 
At distances greater than 9,000 
feet. the dosage is, in general, too 
small to be of serious consequences, 
unless it is repeated at short in
tervals. 

At the minimum distance of 
2,100 feet from the explosion, the 
dosage of gamma rays in an un
protected location would be 10,000 
r. To reduce this to below the 
median lethal dose of 400 r would 
require something like twenty in
ches of concrete or about three 
inches of lead. A layer of some 
thirty inches of soil would be equal
ly effective. Underground shelters 
could thus provide adequate pro
tection agianst the radiation haz
ard, 

Outside Shelters 

An outside shelter of the type 
used in World War II as a protec
tion against blast bombs, covered 
with about twenty inches of packed 
soil, would decrease the radiation 
dosage below the median lethal 
value at distances greater than 
about 3,000 feet from the explo
sion. For a height of burst of 2.000 
feet, this would represent 2,250 
feet or more from ground zero. The 
thickness of concrete that would 
produce the same effect is roughly 
twelve inches, that of iron four 
inches, and that of lead about two 
inches. 

The statement that an unpro
tected person within 4,200 feel of 
an atomic explosion would receive 
a median lethal dose of 400 r is 
based on the supposition that the 
exposure lasts for the whole min
ute of the period of initial radia-
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tion. It has been determined that 
at this distance about a half of the 
gamma ray dosage is received dur
ing the first second. 

Taking shelter quickly behind a 
convenient building or in a slit 
trench, an act that is conceivable 
within a second of seeing the bomb 
flash, might thus mean the differ
ence between life and death to a 
human being at a point where the 
unprotected dosage would be near 
the median lethal value. 

If the energy release of the bomb 
were doubled from 20 to 40 kiloton 
TNT equivalent, the median lethal 
range, at which the dosage is 400 r. 
would be increased from 4,200 feet 
to 4,750 feet. This means that the 
lethal area of the initial gamma 
radiation would be much less than 
double. 

Consequently, the thickness ot 
shielding necessary to attenuate 
the radiation to less than the lethal 
value at any point would not have 
to be increased greatly. For a 
forty kiloton TNT equivalent bomb 
the dosage at 2,100 feet would be 
20,000 r and about twenty-five 
inches of concrete would reduce it 
to 400 r, the median lethal dose. 
This may be compared with twenty 
inches required at the same dis
tance for the nominal twenty kilo
ton TNT energy equivalent bomb. 

Effect of Neutrons 
The neutrons emitted in the fis

sion process carry about 3 per cent 
of the energy of the atomic explo
sion. Of this amount, perhaps less 
than 1 per cent appears outside 
because of the loss of energy to 
the components of the exploding 
bomb. Like the gamma rays neu
trons can penetrate considerable 
distances through air, and since 
they are a physiological hazard, 
they are a significant aspect of an 
atomic explosion. 

More than 99 per cent of the 
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total number of neutrons accom
panying the fission of Uranium 
235 or plutonium are released al
most immediately, probably within 
one hundred-millionth second of 
the explosion. These are referred 
to as the prompt neutrons. In ad
dition, somewhat Jess than 1 per 
cent, called the delayed neutrons, 
are emitted subsequently. The lat
ter are actually expelled from 
some of the fission products. 

It is estimated that the lethal 
range of neutrons from a nominal 
atomic bomb would be 1,800 feet 
for fast and slow neutrons, while 
for neutrons of intermediate en
ergy the distance would probably 
be increased to 2,400 feet. In 
other words, neutrons from an 
atomic bomb would be lethal to 
unshielded persons at distances 
not greater than half a mile from 
ground zero. 

All the neutrons from the bomb 
would reach a point 2,000 feet 
distant within less than a second. 
It would appear, therefore, that 
most of the neutrons reaching the 
earth would do so within such a 
short period of time after the ex
plosion that evasive action would 
not be possible. 

Increasing the energy of the 
bomb by two would lead to an 
increase of Jess than 400 feet in 
the lethal distance of the neutrons. 

In general, concrete may repre
sent a fair compromise for neutron 
shielding. However, unless used in 
considerable thickness, the main 
function of concrete is to slow 
down the fast neutrons and so 
make them less of a biological 
hazard. Better results would be 
obtained by using a modified con
cete made by adding a considerable 
proportion of iron (oxide) ore, such 
as limonite or magnetite, to the 
cement. Small pieces of iron, such 
as steel punchings, may also b0 
incorporated. 
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World-Wide Ruin by Contamination 
Held Doubtful 

The nuclear radiations emitted 
after one minute from the instant 
of an atomic explosion, namely the 
residual radiations, arise mainly 
from the fission products. To a 
lesser extent they also come from 
the uranium 235 or plutonium 
atoms that had escaped fission, 
and, in certain circumstances, 
from activity indu~ed by neutrons 
in various elements present in the 
earth and in the sea. 

Any of the radioactive material 
reaching the inhabited surface of 
the earth in appreciable amounts 
may represent a senous physiolog
ical hazard. In addition, there is 
the possibility, which, although not 
highly probable, must nevertheless 
not be ignored. that radioactive 
material might be used deliber
ately, apart from an atomic ex
plosion, for the purpose of making 
certain ar<'as uninhabitable. 

The problem of dosage emitted 
in a very short pet iod of time, 
namely. the "one-shot" dose, de
scribed yesterday, is quite differ
eM fr~ lliM~~~inllie~R 
of the residual nuclear radiations 
Which might persist for days, 
weeks or months. A human being 
receiving a total .:if 400 r (roentgen 
units of radiation) of the initial 
nuclear radiation, that is, over a 
period ot a minute or so, would 
have a 50 per cent chance of 
survival, but, if the same amount 
of radiation was absorbed over a 
period of a month, the probability 
of death would be considerably 
less. 

Human Tolerance Doses Set 
The United States Committee on 

X-rays and Radium Protection 
concluded in 1936 that the maxi
mum human tolerance dose of 
X-rays or nuclear radiation, which 
could be taken up on successive 
days was 0.1 r per day over the 
whole body. In other words. it 
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was thought that the whole body 
could absorb up to 0.1 of radiation 
per working day for long periods 
without permanent harm. 

This rate of absorption was ac
cepted as the tolerance dose or 
permissible dose of nuclear radia
tion. However, in order to insure 
an adequate factor of safety for 
personnel exposed to radiations 
every working day for many years 
the accepted permissible dose rate 
in the United States has now been 
reduced to 0.3 r per week. 

Among X-ray technicians regu
larly exposed to radiations analo
gous to gamma rays there is no 
authenticated case of injury where 
the exposure has been kept down 
to 0.1 r per day over extended 
periods. 

It should be understood that this 
safe dose applies to absorption 
over the whole body and for re
peated and protracted exposures 
over long periods of time. Small 
areas car. be exposed to very much 
larger quantities of radiation with 
no more than local injury being 
experienced. ln addition, there is 
a differencP between acute. that is, 
brief and occasional. exposure and 
the chronic exposure to which the 
tolerance limit applies. 

Thus, a dose of 5,000 r can be 
used to treat a small skin cancer, 
leaving a scar but no other perma
nent effect. Even the whole body 
may absorb 50 r in one day with
out any apparent harm. Some
what larger single doses may have 
unpleasant consequences. but will 
not prove fatal unless repeated on 
successive days. 

Fission Brings Sixty Fragments 
The fission of uranium 235 or 

plutonium (they very seldom split 
in equal parts) results in the for
mation of at least sixty atomic 
fragments. representing isotopes 
(twins) of probably thirty-four 
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different elements. All of these 
are radioactive, decaying by the 
emission of electrons, accompanied 
by one or more gamma rays. 

It has been calculated that at one 
minute after the detonation of a 
20-kiloton TNT equivalent atomic 
bomb, when the residual nuclear 
radiation begins, the fission prod
ucts will be emitting gamma radi
ation at the enormous rate of 934.5 
kilowatt-hours of energy per sec
ond. Even after an hour, the rate 
of emission of gamma radiation 
will be nearly 7.12 kilowatt-hours 
per second, so that, although the 
gamma activity has decreased by 
a factor of about 130, it is still 
extremely large. 

A widely used method of ex
pressing rates at which radioactive 
atoms decay is in terms of a unit 
called the curie, named after the 
discoverers of radium. A curie is 
defined as a quantity of radioactive 
material underg0ing 37 billion dis
integrations per second, Which is 
equal to the rate of disintegration 
of one gram (1/28th ounce) of pure 
radium. A megacurie is a million 
curies, corresponding to disintegra
tions at the rate of 37 quadrillion 
atoms per second. namely, that of 
1,000 kilograms (2,200 pounds) of 
radium. 

The gamma activity of the fis
sion products one minute after the 
explosion of the nominal 20-kiloton 
TNT equivalent atomic bomb, is 
equal to the gamma radiation 
emitted by 1,804,000,000 pounds 
( 902,000 tons J of radium. This, as 
we have seen, is at rate of 934.5 
kilowatt-hours of energy per sec
ond. After one hour the gamma 
radiation from the fission products 
equals those that would be given 
off by 13,200.000 pounds ( 6,600 
tons) of radium, an energy equal 
of 7.12 kilowatt-hours per second. 

Active After Ten Years 
After one day it equals 292,600 

pounds of radium; 28,600 pounds 
after a week, 5,060 pounds after a 
month. and less than four ounces 
after a year. Even after ten years 
the gamma activity of the fission 
products will still equal the gamma 
energy given off by eight grams 
of radium, while after the lapse of 
100 years the gamma activity 
will be the equal of 600 milligrams 
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of radium. This is an energy cor
responding to about 67 billionths 
of a kilowatt-hour. 

The total energy of the electrons 
(beta particles) produced in the 
fission process is similar in magni
tude to that of the gamma radia
tion. However, because the elec
trons do not penetrate to such 
great distances as do the gamma 
rays, the energy of the former 
would, as a general rule, be of 
significance only in borderline 
cases. 

Data show that a person who 
has remained in a region in which 
the dosage rate after one hour 
from the explosion is one r per 
hour, will have received a total of 
23.8 r of residual radiation within 
two hours from the explosion, and 
24.9 r after three hours from the 
detonation. 

Neutrons from an atomic explo
sion which reach the earth's sur
face may interact with elements 
there and make them radioactive. 
Radioactivity induced by the neu
trons may persist for some time, 
contributing to the residual radia
tion activity. As the neutron's in
tensity at the earth's surface de
creases rapidly with increasing 
distance from the bomb, the in
duced activity would probably be 
significant only for relatively Jow 
air burst, and then at distancei; 
not too great from ground zero. 
Underwater and underground ex
plosions present special problems. 

Third Source of Radiation 

A third possible source of resid
ual nuclear radiation is the urani
um 235 or plutonium which may 
have escaped fission. Their radio
activity, measured in curies, is 
very small compared with that of 
the fission products. 

For a contamination of one 
megacurie per square mile due to 
fission products, the dosage rate 
at about three feet above the 
ground, calculations show, is ap
proximately 4 r per hour, which 
is equivalent to about 100 r per 
day. An actiVity of one megacurie 
per square mile would be attained 
if at the end of one day these prod
ucts were spread uniformly over 
133 square miles. In a normal air 
burst only a portion of the fission 
products would have descended by 
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the end of one day, and the area 
covered would probably be greater 
than 133 square miles. 

It is of Interest to note that 
even under normal circumstances 
long before X-rays or atomic 
bombs were even dreamed of, all 
living organisms were continually 
being exposed to radiations. This 
"background radiation" is due 
partly to the high energy particles, 
known as cosmic rays, originating 
in outer space, and partly to radi
um and its disintegration products 
which are present in the earth and 
in the air. In addition, it is not 
generally realized that the human 
body contains not insignificant 
amounts of radioisotopes of carbon 
and potassium. These radioactive 
species are also present in plants 
and in the soil 

Absorption of Average Human 

It has been estimated that at 
sea level a human being absorbs, 
from all the aforementioned back
ground sources, something like 
0.003 r of radiation per week 
throughout his life. This is about 
one-hundredth part of the accepted 
tolerance dose believed to be 
harmless. At high altitudes, 
where the intensity of the cosmic 
rays is increased three-fold at 
15;000 feet, the total background 
radiation is appreciably higher. 

It appears that during the aver
age lifetime every individual re
ceives from 10 to 15 r or niore of 
radiation over the whole body, in 
addition to amounts that may be 
absorbed as a result of X-ray or 
similar treatment. The same state 
of affairs has undoubtedly persist
ed during the whole period of 
man's existence on earth, although 
the total radiation absorbed in a 
lifetime has increased as the aver
age lifespan has lengthened. 

Fears have been expressed in 
some quarters concerning the dan
ger of world-wide contamination 
by radioactivity resulting from 
atomic explosions. That such fears 
are groundless can be shown by 
estimating the number of bombs 
which would have to be detonated 
to produce enough activity to cover 
the earth. Such calculations may 
be made for external gamma radi
ation from the fission products, on 
the one hand, and for the internal 
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hazard due to plutonium which has 
escaped fission. 

If the whole surface of the earth 
is to be contaminated, with a min
imum number of bombs, they 
would have to be exploded within a 
very short period of time. Fur
ther, since contamination from fis
sion products would be due essen
tially to the fall-out, sufficient 
time must be allowed for all the 
particles to settle out. On the 
basis of these postulates, it has 
been calculated that in order to 
constitute a world-wide hazard 
something like a million atomic 
bombs, of the nominal size, would 
have to be detonated, roughly one 
to each 200 square miles of the 
earth's surface. 

Estimates on Plutonium 

An estimate of the possibility of 
world-wide contamination by plu
tonium is more difficult, because 
of the uncertainty concerning the 
proportion which escapes fission. 
In order to take the extreme case 
it is supposed that the whole of 
the plutonium originally present 
in the bomb is uniformly distribu
ted in the top centinieter of soil. 
This plutonium may then be pre
sumed to be absorbed by plants 
and thus find its way into the hu
man body in the form of food. In
halation of dust represents another 
possibility. It appears from the 
calculations that for plutonium to 
constitute a world-wide hazard 
millions of atomic bombs would 
have to be exploded. 

World-wide radioactive contami
nation would thus appear to be ex
tremely unlikely, but local contam
ination due to a relatively small 
number of bombs might be a seri
ous problem over a large area. The 
fact that the fall-out may be so 
widely dispersed means that radio
active particles will descend hun
dreds and even thousands of miles 
from the point of detonation. Al
though they may not necessarily 
do any physiological harm, the 
particles may cause trouble. An il
lustration is the case of radioac
tive dust from the test explosion 
at Alamogordo appearing in straw
board manufactured over a thou
sand miles away and spoiling sen
sitive photographic film wrapped 
in this material. 



When an atomic bomb is deto
nated at a high altitude, as it was 
in Japan, so as to cause maximum 
blast damage to a city, the hazard 
due to radioactivity on the ground 
after the explosion is small. 

Tests at Low Altitudes 

Atomic bombs were exploded 
experimentally at low altitudes at 
Alamogordo and Eniwetok. Radio
active contamination of the ground 
was many times greater than for 
the high altitude bursts, due to 
the fact that the Ball of Fire 
touched the earth's surface. The 
radioactivity near the center of 
the explosion resulted partly from 
condensation of fission products 
upon contact with the ground. and 
partly from radioactivity induced 
by neutrons. 

The approximate radiation dos
age rates, in roentgens per hour, 
measured on the ground at Ala
mogordo one hour after the deto
nation had taken place at a height 
of 100 feet was 8,000 r at ground 
zero, 5,000 r at a distance of 300 
feet from ground zero, 600 r at 
600 feet, 150 r at 900 feet, 30 r at 
1.200, 10 r at 1,500 feet. 5 at 2,250, 
0.3 rat 3,000 and 0.07 at 3,750 feet. 

It can thus be seen that near 
the explosion center an area sub
jected to a low altitude airburst, 
small compared with the damage 
area due to the bomb, would be 
uninhabitable because of the radi
ation hazard. Nevertheless, cal
culations show that a vehicle trav
eling at a moderately high speed 
could cross the contaminated 
ground about 15 minutes after the 
explosion without the occupants 
bemg greatly harmed. 

It would probably be six hours 
or more before it would be safe to 
walk across the area; but to stay 
for any length of time would, of 
course, be out of the question, un
less proper shielding were avail
able. The great amount of radio
active dust remaining in the air 
after a low-altitude explosion 
would require special precautions 
to prevent entry of the active ma
terial into the system. Masks such 
as used in chemical warfare pro
tection are suitable for this pur
pose. 

The disturbance of large quan
tities of earth and other material 
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in the formation of a crater, which 
accompanies an air burst at low 
altitude, results in the deposition 
of contaminated debris at some dis
tance away. In addition, much of 
the dust is carried aloft into the 
atomic cloud, but it eventually 
settles to the earth as the fall-out, 
after picking up fission product 
particles, to contaminate areas 
much further from the center of 
the explosion. 

After the Alamogordo test, for 
example, high concentrations of 
radioactivity were detected on the 
ground several miles north and 
east of the site of the explosion. 
The integrated dose was, however, 
not dangerous to human life. 

Dust's Effects on Animals 

A number of cattle, about ten 
to fifteen miles from the Alamo
gordo explosion, were inadvertent
ly exposed to the radioactive dust 
from the fall-out. In the course of 
a few weeks, loss of hair and b!is
terlike lesions were apparent. The 
latter soon healed, however, and 
the hair, originally red, grew 
again, although it was white or 
gray. 

Continued observation of the 
animals has shown that the cows 
have produced normal calves, ir
respective of whether they were 
mated with bulls which had, or 
had not, been exposed to the radio
active dust. By the end of 1949 
there was no evidence of any ef
fects of the radiation, other than 
the graying of the hair. 

Of various types of atomic ex
plosion the underwater burst at 
Bikini produced by far the greatest 
degree of radioactive contamina
tion. It is estimated that almost 
alJ of the fission-product activity 
either remained in the water im
mediately following the detonation, 
or fell back into the lagoon in the 
form of the radioactive base surge 
and rain. The total dosage due to 
the base surge and contamination 
from the underwater burst ranged 
from 8,000 r down to a 100 r to a 
distance of about four and one
half miles. 

There is the possibility that after• 
an underwater burst of an atomic 
bomb, the radioactivity might be 
spread over a large area due to 
the action at marine life. It is well 
known that land plants absorb and 
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so concentrate mineral elements 
from the soil, and that these are 
further concentrated in animals 
feeding on the plants. Similar cir
cumstances arise in water environ
ments; the simple plants, i.e., 
plankton and algae, absorb the 
nutritive salts from the water, and 
they are then accumulated in the 
large aquatic forms, namely. fish, 
which directly or indirectly con
sume the simple plants. 

Radioactivity In Water 

In water containing radioactive 
materials, the latter are concen
trated by the fish in the same 
manner and for the same length of 
time as are the stable forms of the 
corresponding elements. If the fish 
die, the radioactive istopes are not 
lost, but they return to the water, 
as do the stable isotopes, to take 
part once again in the life cycle. 

Because of the landlocked nature 
of the Bikini lagoon there is evi
dently little or no outward migra
tion of the larger aquatic organ
isms, so that there is no appre
ciable tendency for the radioactiv
ity to spread. However, due. to the 
behavior of the anadromous migra
tory fishes, namely, salmon, shad, 
etc., which feed in the sea and then 
migrate upstream to die, or of 
birds that concentrate the miner
als of the sea in guano, there 
might be some distribution of 
radioactivity in other cases follow
ing an underwater atomic explo
sion. The extent of such dispersion 
and its effect would depend greatly 
on circumstances and appears dif
ficult to estimate. 

The possibility must also be con
sidered of an underwater explosion 
so near to the shore that signifi
cant amounts of the fall-out and 
the base surge will reach the ad
jacent land areas, and possibly af
fect dock facilities, warehouses, 
etc. 

The general consensus at the 
present time is that the size of an 
area highly contaminated by an 
underground explosion would be 
less than in the case of an under
water burst. One reason is that the 
density of the soil is greater than 
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that of water and so a smaller 
mass would be thrown into the air 
to descend at a distance from the 
explosion. However, although the 
area covered may be less, the radi
ation intensity may be correspond
ingly greater at small distances 
from the bomb burst. 

How Radiological War Works 
The possibility exists of contam

inating persons, objects or areas 
with radioactive materials not pro
duced in an atomic explosion. 

This deliberate use of radioactive 
isotopes as an offensive military 
weapon is known as radiological 
warfare. The materials to be used 
can be either fission products, ob· 
tained in a nuclear reactor, or arti
ficially made radioactive isotopes, 
produced from stable elements by 
exposing them to neutron bom
bardment. Such warfare would 
present many difficulties, both in 
the production of the materials 
and in delivering them to the tar
get. Perhaps its most important 
application would be its psycho
logical effect as a mystery weapon. 

If gamma ray emitters were to 
be used as radiological warfare 
agents, and these seem to be the 
only ones likely to be effective, the 
problem would arise of shielding 
personnel from the radiations dur
ing manufacture, storage and de
livery of the weapon. The use of 
adequate shields, presumably of 
concrete, iron or lead, would add 
greatly to the weight of the muni
tion and would complicate the 
mechanism of dissemination on the 
target. The uniform distribution of 
a relatively small amount of ma
terial over a large area would it
self present a difficult problem, 
the solution of which might nullify 
the advantage of compactness. 

While it is impossible to predict, 
as in the case of chemical warfare, 
whether radiological warfare will 
be used or not, it is necessary to 
understand and be prepared for it. 

Only in the event of being un
prepared are the consequences 
likely to be as serious as the de
struction causea by an atomic 
bomb. 
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How Decontamination Works 

Radioactive contamination, as 
explained earlier, may come from 
four sources. It may be caused by 
the fission products formed in the 
explosion of an atomic bomb; by 
activity mduced from neutrons in 
soil and water, and by the de
liberate use of radioactive ma
terials in radiological warfare as 
a particularly vicious form of 
poison gas attack. There also is 
the possibility that plutonium that 
has escaped fission may act as a 
contaminant representing an in
ternal hazard. 

There are essentially three ways 
whereby the hazard associated 
with radioactive contamination 
may be minimized: 
1. Disposing completely of the ma

terial by deep burial in the 
ground or at sea. 

2. Keeping it at a distance for a 
sufficient time to permit the 
radioactivity to decay to a rea
sonably safe level. 

3. Attempting to remove the con
taminant, that is, to decontami
nate the material. 
These three procedures were 

used in radioactive contamination 
suffered by ships and their equip
ment in the Bikini underwater 
("Baker") test. 

At Bikini, the Independence, a 
small aircraft carrier, received 
such a large radiation dosage that, 
had there been any one on the 
hangar deck at the time, he would 
have died from external radiation, 
apart from the effects of the blast. 

Yet two weeks after the detona
tion, the dosage rate was about 
three r (radiation dosage units) 
per day, permitting short-time ac
cess. About a year later, the aver
age dosage rate was only 0.3 r 
per day. Three years after the 
original contamination, the Inde
pendence was in use at the San 
Francisco Naval Shipyard, where 
she housed the experimental en
gineering group of the Naval Ra
diological Defense Laboratory. 

36 

It was difficult at that time to 
find any areas on the ship in which 
the radiation dosage would have 
exceeded the limit of 0.3 r per 
week adopted at the installations 
of the Atomic Energy Commission. 

Vessels Are Reclaimed 
No decontamination of the In

dependence was attempted because 
the vessel was in a battered con
dition, and it seemed unlikely that 
she could be returned to service 
as an aircraft carrier. However, 
some of the other vessels at Bikini 
were decont;;o.minated and re
claimed much sooner. 

Two submarines thus decontam
inated were used soon afterward in 
the Naval Reserve with no risk to 
the operating personnel. Most of 
the other target vessels were de
stroyed, not because decontamina
tion was not feasible, but mainly 
because they were damaged in 
other ways and decontamination 
would not have been economical. 

Except where radioactive solu
tions, such as were present after 
the underwater burst at Bikini, 
soak into porous materials, such 
as rope, textiles, unpainted or un
varnished wood, etc., or where 
neutrons have penetrated and in
duced radioactivity to some depth, 
the decontamination will be large
ly restricted to the surfaces of ma
terials, objects and structures. An 
outstanding exception would, of 
course, be the radioactive contam
ination of water supplies for drink
ing purposes. 

The problem of decontamination 
is thus, to a considerable degree, 
a problem of removing sufficient 
of the surface material to reduce 
the activity to the extent that it 
is no longer a hazard. The meth
ods of surface removal may be 
divided into two main categories, 
chemical and physical. 

In the first case, the contamina
tion is eliminated by making use 
of chemical reagents which, if suf-
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ficiently mild, will have a minor 
effect on the underlying material. 
In the second case, an appreciable 
thickness of the actual surface is 
removed. 

Use of Detergents 
It should be understood that the 

activity of a particular radioisotope 
is not changed in any way by 
chemical reaction. All that chem
istry can do is to convert the 
active isotope into a soluble com
pound, so that it can be detached 
and washed off as a solution. Cer
tain processes of decontamination, 
involving the use of detergents, 
represent a category intermediate 
between the chemical and phyl<ical. 

The actual process of decontam
inating material and equipment 
can be resolved into two stages: 
first, immediate emergency meas
ures, to permit continued opera
tion; and second, final more thor
ough decontamination operations. 

Although the degree of decon
tamination achieved by the initial 
treatment may not be large, it at 
least reduces the physiological 
hazard to an extent that will make 
possible, probably with changing 
personnel, an operation that other
wise would have been impractical. 
A more complete decontamination 
can then be carried out, if neces
sarv or desirable, at a later time. 

The decontamination of person
nel who have come into contact 
with radioactive material is, of 
course, a primary requirement. 
Normally clothing will prevent ac
cess of the material to the .;kin. 
When contaminated. clothing 
should be removed and disposed of, 
by burial, for example, in such a 

manner as to prevent the spread of 
the radioactivity into uncontami
nated areas, like the interiors of 
buildings. 

A fair degree of decontamination 
of the exposed skin can be achieved 
by vigorous rubbing with soap and 
water, paying particular attention 
to the hair, nails, skin folds and 
areas surrounding body openings, 
with due care to avoid abrasion. 
Certain synthetic detergents, of 
which many are now on the mar
ket, soapless household cleansers, 
have been found to be especially 
effective. 

In the event of serious radioac
tive contamination of a large part 
of a city, steps would have to be 
taken to make the locality habita
ble within a reasonable time. Most 
important would appear to be re
moval or coverage of loose mate
rial that might form dust that 
would be inhaled or ingested with 
food. 

For paved streets, flushing, per
haps with the aid of detergents. 
street cleaning or vacuum sweep
ing, if feasible, might be the first 
steps. 

Concrete, stone and brick build
ings, if the contaminant is on the 
surface, or has not penetrated too 
deeply, perhaps would have to be 
wet-sandblasted and reroofed. 
Stucco buildings might have to be 
removed. The same would well 
apply to roofs, which would collect 
considerable amounts of radioac
tive material. but could not be 
easily decontaminated. 

Properly covered foods should 
undergo little or no contamination. 
The samp would be true for 

Bomb Results Compared 
Followi11g is a comparison of the effects of atomic a11d conve11-

tional bombs. The Tokyo attack was the huge fire raid of March 9, 
1945. Final column CO'Vers other bombings. 

Hiroshima Nagasaki Tokyo 93 Attacks 
~------ \Veapon ---

Atomic 
Bomt 

Population per square mile ....... 35,000 
Square miles destroved . . . . . . . 4. 7 
Killed and Missing . . . . . . . . . . . . . . ... 70.UOO 
ln)ured . . . . . . . . . . . . . . . . . .............. 70.000 
}.fortality per square mile destroyed ..... 15.000 
Casualties per square mile destroyed ... 30,000 

Atomic 
Bomb 

65.000 
1.8 

36.000 
40.000 
20,000 
42.000 

1.667 Tons 1,129 Tons 
TXT, TNT, 

Incendiary lPcPnd1ary 

130.000 
15.8 

83,000 
102,000 

5.200 
ll.800 

1.8 
1,850 
1-800 
1.000 
2.000 



canned goods or any materials in 
impervious, custproof wrappings. 
Tt,ere appears to be no feasible 
means of salvaging unprotected 
food, either in the home, the store, 
or in the fields. 

In surface waters, radioactive 
contaminants will tend to be ad
sorbed by the suspended and colloi
dal matter that invariably is pres
ent. In urban water systems, radio
active material that has escaped 
adsorption in a reservoir itself may 
be picked up by the surface of the 
distribution system. 

When, in addit10n, the purifica
tion process includes coagulation, 
sedimentation and filtration stages. 
it is expected that very llttle radio
active material would normally 
reach the consumer. 

Wells and Reservoirs 

Underground sources of water 
are generally safe from contami
nation. So are moderately deep 
wells, even under contaminated 
ground, provided surface drainage 
or contaminated material is pre
vented. 

If a reservoir or river is seri
ouslv contaminated, and the water 
is not subjected to coagulation or 
filtration, the water might be unfit 
for consumption for several days. 
However, because of dilution and 
natural decay of radioactivity, the 
degree of contamination will de
crease with time. 

In some cities water is taken 
directly from a river and merely 
chlorinated before being supplied 
for domestic consumption. If no 
alternative source of water is avail
able in case of emergency, consid
eration should be given to the 
provision of positive and negative 
ion exchange columns or beds 
(purifying agencies l to be used 
if the regular supply should be
come contaminated. 

Home water softeners might 
serve the same purpose. In hospi
tals and on ships sufficient water 
for emergency purposes could be 
obtained by distillation. It was 
found at Bikini, for example, that 
contaminated water, when distilled, 
was perfectly safe for drinking. 

It should be emphasized, how
ever, that mere boiling of water 
contaminated with radioactivity is 
of no value. 
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The ideal defense against radio

active contamination is the use, 
wherever possible, of surfaces that 
either are resistant to such con
tamination or from which the 
active material can be readily 
removed. 

It has been found, for example, 
that surfaces coated with certain 
plastic paints are relatively easily 
decontaminated. At the present 
time it appears that well-main
tained paint or other sealer is the 
only means of protecting struc
tural material, such as concrete, 
brick and soft woods, against 
radioactive contamination. This 
should be borne in mind especially 
in new construction near bodies of 
water where an underwater ex
plosion is possible. 

Another possibility 
coatings that can be 
moved and replaced 
ones. 

is to use 
easily re
with new 

Where these procedures are not 
possible, vital equipment may be 
kept under cover by means of 
tarpaulins or other movable pro
tection. 

Personal Injuries Vary 

The types of injuries suffered oy 
personnel in an atomic explosion 
will vary with the manner in which 
the bomb is used. In a high air 
burst, such as at Hiroshima and 
Nagasaki, most of the casualties 
will be from burns and blast 
effects. 

There will be a small proportion 
of radiation injuries resulting from 
exposure to the initial nuclear ra
diations, emitted within the first 
minute after the burst, but the 
effect of contamination by the 
residual radiations, emitted after 
the first minute, will be negligible. 

An explosion at low altitude or 
at ground level would produce 
somewhat fewer casualties from 
blast or burns, but a small area 
would be highly contaminated with 
radioactive material. If proper 
precautions are taken, the casual
ities from this residual radiation 
should be a very sma!J fraction of 
the total. 

After a shallow underwater burst, 
the number of casualties from 
blast and burns also will be dimin
ished. However, some casualties 
might arise from exposure to ra-
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diation from fission products and, 
to a lesser extent, material that 
has escaped fission, spread over 
an appreciable area by the base
surge and the fall-out. 

During the first two months or 
more the primary danger would be 
from the gamma rays, in partic
ular, and the beta particles ( elec
trons) from fission products. Sub
sequently, the ingestion of pluto
nium might in exr.eptional circum
stances become a hazard. In the 
event of serious contamination of 
this kind, it would be necessary 
to evacuate the population from 
the affected areas until they could 
be adequately decontaminated. 

Injuries by blast are of two 
kinds, direct and indirect. Direct 
blast injuries result from the posi
tive pressure phase of the shock 
wave acting on the body to cause 
injury of the lungs, stomach, intes
tines and eardrums, and internal 
hemorrhage. Such injuries oc
curred in World War II afterlarge
scale air raids with conventional 
high explosive bombs. 

At Hiroshima and Nagasaki, 
however, the direct blast effect was 
not a significant primary cause of 
fatality, because those near enough 
to the explosion to suffer injury in 
this manner were burned or 
crushed to death. A pressure of 
about thirty-five pounds per square 
inch or more is required to cause 
direct harm to a human being. The 
peak pressure of the shock wave 
from a nominal atomic bomb would 
attain such values only at distances 
of 1,000 feet or less from ground 
zero, assuming a height of burst 
at 2,000 feet. 

More important than the pri
mary blast injuries in the Japanese 
bombings were the indirect or sec
ondary effects from collapsing 
buildings, and from timber and 
other debris flying about in the 
blast wave. Persons were injured 
by flying objects, crushed or 
buried under buildings, and thrown 
against fixed structures. Glass 
fragments penetrated up to an inch 
beneath the skin, and the light 
summer clothing worn at the time 
offered little protection. Unless 
proper precautions are taken, to be 
described later, glass is a consider
able hazard. 

For practical purposes of diagno-
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sis and treatment, it is not neces
sary to distinguish among burns 
caused by thermal radiation (flash
burns), by flame, or by contact 
burns, a form of flash-burn caused 
by dark-clothing materials becom· 
ing hot and burning the skin with 
which they are in contact. 

Although there are differences 
in body surface involved, depth of 
the injury to the skin, and general 
reactions of the individual to burns 
of different types, the indicated 
treatment for burns from an atom
ic explosion appears to be the 
same as for those encountered in 
large-scale incendiary raids and in 
civil disasters. 

Sudden Casualties 

The unique feature of atomic 
bomb burns is the great number of 
casualties produced in a brief 
period, the variety of burns en
countered, and the wide range of 
severity, depending on the distance 
from the explosion. 

A great deal was learned during 
World War II about the treatment 
of burns, but the subject is still 
under investigation and has not 
yet become stabilized. It is recom
mended, therefore. that until there 
is more general agreement, the 
medical men in each community 
employ the treatment for severe 
burns they have found most effi
cacious. 

Because of their importance in 
relation to the effects of an atomic 
explosion, a compreheni;ive study 
of flash burns is being sponsored 
by the Atomic Energy Commission. 

The effect of thermal radiation 
on the eyes was surprisingly small. 
Even those who looked directly at 
the explosions at Hiroshima and 
Nagasaki, from some distance. of 
course, reported only temporary 
loss of vision. One patient was so 
blinded by the flash that he was 
unable to distinguish light from 
dark for two days, but eventually 
his recovery was complete. 

The effects of nuclear radiations, 
as distinguished from thermal, on 
living organisms depend not only 
on the total amount absorbed, but 
also on the rate of absorption; on 
whether it is chronic or acute, and 
on the area of the body exposed. 
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Amount of Dosage 
Some radiation phenomena, such 

as genetic effects, are apparently 
independent of the rate of delivery 
of the radiation, and depend only 
on the total dosage. In the ma
jority of instances, however, the 
biological effect of a given dose of 
radiation decreases as the rate of 
exposure decreases. 

Thus, to cite an extreme case, 
600r would certainly be fatal if ab
sorbed by the whole body in one 
day, but it would probably have 
no noticeable consequences if 
spread over thirty years. The most 
reasonable explanation of this fact 
is that if the dosage rate, that is, 
the amount of radiation taken per 
day, is very small, the damaged 
tissues have a chance to recover. 
If the intensity or rate of delivery 
of the radiation is increased, re
covery cannot keep up with the 
damage. 

It is apparently the recovery 
factor that makes it possible for 
human beings to accept limited 
doses of radiation, at least 0.3 r 
per week for long periods without 
any apparent harmful conse
quences. 

While little of a specific nature 
can be done in the treatment of 
radiation sickness where the acute 
dose is 600r or more, there is a 
possibility that where the dose is 
smaller, particularly 400r, or less, 
many lives can be saved with prop
er treatment. Immediate hospital
ization, to insure complete rest, 
and avoidance of chills and fatigue, 
is an essential first step. 

Whole blood transfusion should 
be given, as required, until the 
bone marrow, the blood-forming 
tissue qmckly damaged by radia
tion, has had time to regenerate 
and produce blood cells. Adequate 
nourishment could be provided by 
intravenous feeding to supply the 
necessary sugars, proteins, vita
mins, etc. 

The danger of infection, from de
struction of the germ-fighting 
white blood cells, may be con
trolled by the use of penicillin and 
other antibiotics. The whole sub
ject of radiation sickness, a rare 
occurrence before the bombings of 
Hiroshima and Nagasaki, is in
tensively studied. and important 
advances in its treatment may be 
expected. 

)) 
}) 

Hereditary Factors 
Because ot the possible impor

tance of the· subject for the future 
of the human race, no discussion 
of radiation injury would be com
plete without consideration of the 
genetic (hereditary) effects. These 
effects differ from most other 
changes produced by radiation in 
that they appear to be cumulative 
and, within limits, independent of 
the dosage rate of the energy of 
the radiation. 

The mechanism of neredity is 
essentially similar in all ,,exually 
reproducing plants and animals, 
including man. The material re
sponsible for inheritance is organ
ized into discrete structures, the 
chromosomes, which are visible 
microscopically in the nuclei of di
viding cells. 

The chromosomes, rod-shaped 
bodies, are considered to be fine 
threads of nucleoproteins (group 
of proteins combined with nucleic 
acid, the latter a constituent of 
the nuclei of living cells), which 
are differentiated along their 
length into thousands :>f distinctive 
but submicroscopic units, the 
genes. 

The development of inherited 
characteristics is controlled by the 
action of the genes. Chromosomes, 
and hence the genes, occur in pairs 
in the nuclei of the cells of indi
viduals, one member of each pair 
contributed by each parent through 
the sperm or egg. 

•IO 

Mutations, defined as changes in 
inherited characteristics, may be 
classified roughly into two cate
gories. Microscopically detectable 
changes in chromosome structure 
are called chromosomal mutations 
or aberrations. They may be re
sponsible for visible changes in in
herited characteristics, may cause 
reduced fertility, and frequently 
may be lethal, preventing develop
ment of the embryos. 

The Gene l\futations 
The second category, gene muta

tions, include those cases in which 
sudden changes in inherited char
acteristics are not the result of 
demonstrable changes in chromo
some structure but rather are be
lieved to be from changes in the 
chemical composition of the nor
mal gene. The possibility remains, 
however, that many so-called gene 
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mutations may actually be ultra
microscopic changes in chromo· 
some structure. 

Mutated genes are commonly 
classified as either dominant over 
the normal genes, in which case 
the individual will show the partic
ular characteristic if he receives 
the mutated gene from either 
parent, or recessive, in which case 
an individual must receive the mu
tated gene from both parents be
fore exhibiting the characteristic. 

While most gene mutations ap
pear to be recessive, recent 
evidence indicates that many so
called recessives are partially dom
inant. Almost all mutations are 
deleterious, the occurrence Of 
beneficial mutations being very 
rare. 

There is a large body of data 
which indicates that any dose of 
radiation. no matter how small, in
creases the probability of genetic 
changes. Until recently the risk 
would have been thought to apply 
mainly to distant descendants, 
when the probability of two reces
sives mating would be greater. 
New information on the frequency 
of partial dominants indicates that 
the risk may not be negligible even 
to the first generation. 
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A Matter of Time 
Incomplete experimental work 

on mice leads to the important 
practical conclusion that the prob
ability of passing on chromosome 
aberrations to the next generation 
will be greatly reduced if individ
uals exposed to doses of radiation 
refrain from begetting offspring 
for two to three months after ex
posure. 

It should, however, be stressed 
that, according to the evidenue 
available, this practice would cau8e 
little or no reduction in the risk 
of transmitting gene mutations. 

Many of the basic data neces
sary for a reliable estimate of the 
genetic effects of radiation in hu
man populations have not yet been 
obtained. We are not yet able to 
calculate the exact magnitude of 
the risk. It is obvious, therefore, 
that until more basic knowledge is 
available, exposures of personnel 
should be kept to a minimum. 

It may be mentioned, however, 
that the possibility of the produc
tion of a race of monsters in Japan 
as a result of radiation emitted by 
the atomic bombs is extremely im
probable in the opinion of geneti
cists who have made careful study 
of the subject. 
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Protection Requires Planning 

Adequate protection against the 
effects of an atomic bomb attack 
would require comprehensive and 
detailed planning. Such planning 
would be necessary to avoid panic, 
for mass hysteria could convert a 
minor incident into a major dis
aster. 

essential points are protection 
from direct exposure for human 
beings and the avoidance of easily 
combustible materials, especially 
near windows. 

The only known defense against 
the gamma rays and neutrons con
stituting the initial nuclear radia
tion is the interposition of a suffi
cient mass of material between the 
individual and the atomic bomb, 

The purpose of the Government 
handbook, "The Effects of Atomic 
Weapons," is to provide the essen
tial scientific and technical infor
mation that would permit neces
sary plans to be made for dealing 
with the new and unusual situa
tions that would arise as the re
sult of the explosion of an atomic 
bomb. 

1 including the rising Ball of Fire. 
The use of concrete as a construc
tion material, which is necessary 
to redl_lce air-blast and ground 
shock damage, would, to a great 
extent, decrease the initial radia
tion hazard. 

From the standpoint of physical 
damage, the problems of construc
tion and protection from atomic 
bombs are not fundamentally dif-
ferent from those associated with 
bombs of the conventional type. It 
should not be forgotten, however, 
that atomic bombs are enormous
ly more powerful. The damage 

The organization. preparation 
and techniques designed to deal 
with these situations involve con
siderations beyond the book's 
scope. Their precise nature de
pends on many factors th:.t must i 

be evaluated nationally. and their 
application would vary with the 
patterns of regional and commu
nity development. ' would cover an extensive area. 

Any planning and organization 
against a possible atomic attack 
must be designed to meet the vari- l 

ous destructive effects that an 
atomic explosion is likely to pro
duce. These, as we have seen, in
clude damage caused by air blast, 
ground and water shock, thermal 
radiation, initial nuclear radia
tions, and residual nuclear radia
tions. In addition. extensive fires 
from various secondary causes 
would follow an atomic explosion. 

Fortunately, protection from i 
these hazards, although by no 
means simple, is not as complex as 
the existence of so many danger 
factors would imply. In general, 
it appears that proper protection 
against blast, shock and fire dam
age could also minimize the dan
ger to personnel frcm thermal ra
diation and initial nuclear radia
tions. 

Th..rmal Radiation 
As far as burning caused by 

thermal radiation is concerned, the 
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probably several square miles. 
These facts are important in plan
ning for control of fire-fighting 
and rescue operations. 

Protection from the effects of 
radioactive contamination presents 
a problem that has not previously 
been encountered. The results of 
blast and fire are visible and can 
generally be controlled in a rela · 
lively short period after an explo
sion. But nuclear radiation can-
not be detected by the senses with
out the use of instruments, and. 
unless the contamination is re-
moved, the deleterious effects may 
continue for weeks. months or 
longer. 

Even though the dangers from 
radioactivity after an atomic ex
plosion are uncertain and perhaps 
exaggerated, nevertheless some 
consideration must be given to 
possible contamination of areas, 
structures and equipment. 

Monitoring of regions close to, 
and especially downwind from, the 
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explosion should be undertaken 
soon after the detonation for the 
guidance of fire fighters and res
cue teams. Subsequently, more de
tailed monitoring may be required 
to find which areas are safe for 
occupation. 

Many steps can be taken to re
duce both the personal casualties 
and the physical damage effects of 
an atomic explosion. The planning 
of new construction affords the 
best opportunity for the inclusion 
of protective measures at a mini
mum cost. But existing structures 
can. in many cases. be strength
ened to make them more resistant 
to blast, fire and radiation, thus 
increasing the protection afforded 
to personnel and equipment. 

For example. blast damage can 
be reduced by strengthening struc
tures. particularly ai;:J.inst lateral 
8nd downward forces. It is desir
able to keep to a minimum fixtures, . 
ornamental plaster, or other inte- ' 
rior treatments that might be di~
lodged when the buildings are 
subiected to violent forces. 

possibility that these bombs might 
have different energies and be 
detonated at different heights. 

On the other hand, then~ is some 
justification for the choice of half 
a mile from ground zero, from a 
nominal (20 kiloton TNT equiva
lent) atomic bomb, as the point 
from which protection should be 
considered. 

In the first place, the evidence 
from the Japanese bombings indi
cated that within this distance the 
chances of survival, from one 
cause or another, were very poor. 
It is only beyond 3,000 feet or so 
that the proportion of nersons 
killed begins to fall off at an ap
preciable rate. Suitable protective 
measures would result in an even 
sharper drop. 

No Closer Protection 
Further, protection against blast, 

initial radiation. and thermal ra
diation becomes practical at a half 
mile from ground zero, while at 
closer distances it would not gen
erally be feasible. In certain cases, 
however, stronger construction 
may be desirable on the ground of 
the essential nature of the opera-

The fire hazard may be decreased 
by avoidance of exposed inflam
mable material. General protection 
against gamma radiation may be 
achieved bv a suffirient thickness 
of structur"a1 material. 

' tions carried out in a particular 
building. 

QuPstion of Distance 
In taking protective measures. 

how far away may it be supposed 
that the atomic explosion will 
occur? Of course, it is impossible 
to supply a definite answer. but a 
decision must be made on the dis
tance from the explosion at whic'' 
protection becomes practical. 
Steps can then be taken to provide 
protection appropriate to this dis
tance. 

Taking various factors into con
sideration it seems that a distance 
of about half a mile from ground 
zero would be a reasonable com
promise for the planning of gen
eral protective measures. The as
sumption is made that the bomb is 
exploded in the air at such a 
height as would provide maximum 
physical damage. 

It must be admitted, howeve1. 
that the choice of distance involves 
an el<-ment of risk. for there mav 
be accidental or deliberate bursts 
of several bombs in proximity at 
the same time. Further, there is the 

One of the most important les
sons learned from the atomic bomb 
attacks on Japan is the necessity 
for the provision of an adequate 
water supply for the control of 
fires. 

In Nagasaki the water pressure 
was only thirty pounds per square 
inch at the time of the explosion 
and because of breaks in mains 
and house service lineJ it soon 
dropped to ten pounds per square 
inch. On the following day the 
pressure was almost zero. This 
drop in the water pressure contrib
uted greatly to the extensive de
struction caused bv fire. 

The experience· at Hiroshima 
was Eimiliar. 

A large proportion of the fire 
dcvasta ti on in Japan after the 
atomic bomb attacks was because 
the fi1e-fighting servicE's were in
capacitated. It would seem to be 
advisable that fire departments of 

i strategic cities and industrial 
plants should be housed in c truc
tures capable of withstanding the 
blast at about half a mile from the 
explosion. Underground construe-
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tion of concrete walls two feet 
thick would provide this degree of 
blast protection. 

Facilities for the direction of 
disaster-relief activitic3, and provi
sion of first aid in a city, require 
a protected area on one of the 
lower floors of a well-constructed, 
fireproof, reinforced-concrete or 
steel-frame building. To avoid the 
hazard of general conflagration, 
the building should not be among 
others that are not fireproof. 

Facilities required for rescue and 
damage control operations, in addi
tion to the measures found neces
sary on the basis of World War II 
experience with conventional ex
plosives, must be given special 
treatment in view of some of the 
novel effects of atomic weapons. 

The problem of radiological 
hazard control requires more elab
orate facilities, and this hazard, as 
well as the magnitude of the 
mechanical damage effects, re
quires that careful consideration 
be given to the comm:mications 
networks, probable need for dupli
cate facilities, special storage re
quirements, emergency medical 
services, evacuation procedures and 
immediate debris clearance. 

Shelters inside buildings should 
be in fireproof, reinforced-concrete 
or steel-frame structures that are 
resistant to collapse. The areas 
chosen should be on the lower 
floors and in halls, or in the interior 
portions of the buildings, since 
these seem to offer the most rea
sonable possibilities for protection. 
Secondary hazards, such as those 
from falling plaster or fixtures, or 
from fire, should, of course, be 
avoided. 

Outside Shelters 
Shelters outside the larger struc

tures should, in general, be de
signed to resist the effects of blast 
and radiation from an atomic burst 
at a reasonable distance, say one
half mile. They should be well 
clear of buildings to a void hazards 
from debris and fire. 

A buried. or semi-buried, shelter 
will usually be the best choice for 
protection from an air burst, be
cause the earth cover will act as 
protection against radiation. In 
addition, blast effects will be less 
than on a surface shelter. Such 
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buried shelters would, of course, be 
useless in the event of a near-by 
underground detonation of an 
atomic bomb. 

It might be advisable to con
struct shelters so that they would 
provide protection in case of sur
f ace or subsurface bursts, in which 
the spread of radiation through the 
air might be a hazard. Hence, 
special consideration should be 
given to the problem of insuring 
suitable ventilation for shelters. 

The most effective method for 
providing adequate ventilation is to 
use a pressurized installation in 
which the air is forced through 
special air filters that would re
move radioactively contaminated 
particles. The practicability of 
such extreme measures, however, 
is open to question. 

Basements of homes, especially 
if they were extended beyond the 
main structure of the house, would 
offer reasonable protection against 
blast damage, provided they were 
not too near the center of the ex
plosion. 

However, care must be taken to 
provide escapes to be used in case 
the house catches fire or collapses. 
A shallow rampart of soil or of 
sand bags outside the house would 
probably be advantageous. Semi
buried shelters for individual fami
lies, of the type used in Europe 
during the last war for protection 
against conventional bombs, would 
also provide worth-while protec
tion against atomic explosions. 

In cities like New York, the sub
ways would make good shelters, 
though they probably would col
lapse in case of a near-by under
ground explosion. 

The discussion of shelters is, of 
course, based on the assumption 
that there has been sufficient 
warning to permit people to take 
shelter. In the event of a surprise 
atomic explosion, immediate action 
would mean the difference between 
life and death. 

The first indication of an unex
pected atomic burst would be a 
sudden increase of the general il
lumination It would then be im
perative to avoid the instinctive 
tendency to look at the source of 
this light. but rather to do every
thing pos.<>ible to cover all exposed 
parts of the body. 

Personal Protection 

If a person is in the open when 
the sudden illumination is appar
ent, the best plan is to drop in
stantaneously to the ground, curl
ing up so as to shade bare arms 
and hands, neck and face with the 
clothed body. Although this will 
not protect against gamma rays, 
it might help in reducing flash
burns. 

This is important because dis
abling burns can be suffered well 
beyond the lethal range for gamma 
rays. The curled-up position should 
be held for at least ten seconds. 
The immediate danger is then 
over, and it is permissible to stand 
up and look around to see what 
action appears advisable. 

If in the street, and some sort 
of protection, such as a doorway, 
a corner or a tree is within a step 
or two. then shelter may be taken 
there with the back to the light, 
and in a crouched position to pro
vide maximum protection, as de
scribed above. No attempt should 
be made to reach a shelter if it is 
several steps off. 

The best plan then is to crouch 
on the ground, as if completely in 
the open. After ten seconds, at 
least, a standing position may be 
resumed, but it is strongly advis
able to press the body tightly 
ag-ainst the side of a building to 
avoid breaking glass, or falling 
missiles, as far as possible. 

A person who is mside a build
ing or a home when a sudden 
atomic attacl' occurs should drop 
to the floor, with his back to the 
window, or crawl behind or be
neath a table, desk, counter. etc. 
This would also provide a shield 
against splintered glass from the 
blast wave. 

Windows to be Avoided 
The blast wave might reach the 

building some time after the dan
ger from radiation haa passed, and 
so windows should be avoided for 
about a minute, because the shock 
wave continues for some time after 
the explosion. The safest places 
inside a building are the interior 
partitions, and it is desirable to 
keep as close to these as possible. 

In considering the practical 
problems of a radiological hazard 
it may be supposed that there 
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would be three stages, the duration 
and severity of which would de
pend on circumstances. These are 
as follows: 
1. Complete disorganization stage: 

In the event of heavy and wide
spread physical damage, it may 
be presumed that roads would be 
blocked for some distance from 
the explosion, and that all 
normal communication systems 
would be out of commission. 
Emergency transportation and 
communication, except perhaps 
for self-contained radio equip
ment, would not be immediately 
in effect. 

2. Emergency control stage: This 
phase would begin as soon as 
margin roads had been cleared, 
and transportation and commu
nication had been re-established, 
at least on an emergency scale, 
so that information could be 
transmitted to a control room. 
In the case of moderate physical 
disaster, the emergency control 
phase would start immediately, 
and might last a week or more. 

3. Recovery stage: The final phase 
would be reached when most 
persons were out of immediate 
danger of inJury, and there was 
time to start more thorough de
contamination operations where 
necessary. 
In the emergency control phase, 

an important factor in the opera
tion of radiological defense would 
be rapid gathering of data on con
tamination The radiations that 
may be encountered are gamma 
rays and beta particles (electrons) 
from fission products, neutron
induced activity or other radioac
tive material, and alpha particles 
(nuclei of helium) trom plutonium 
or uranium. 

Of these, the gamma radiation 
can be measured most readily. This 
is perhaps the greatest immediate 
hazard because of its considerable 
penetrating power. Beta particles 
as such are not a serious menace 
unless the source enters the sys
tem or remains on the skin for 
some time. 

Monitoring of Areas 
Monitoring of suspected con

taminated areas for gamma radia
tion should be carried out at the 
earliest possible moment. lnitially. 
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this might even be done by rneam; 
of low-flying aircraft. From the 
gamma radiation dosage measured 
at a known height above the 
ground it would be possible to ob
tain an approximate indication or 
the area and intensity of the con
tamination. 

However, ground monitoring for 
gamma radiation, with portable 
instruments, would be necessary 
at the first opportunity. The moni
toring for beta radiation would, 
in general, be an auxiliary meas
urement, made in the later stage.s 
afte1 the immediate emergency 
had passed. 

The question of the amount of 
exposure to the residual nuclear 
radiation that would be permis
sible for control and rescue per
sonnel would depend a great deal 
on circumstances and the risks 
that inevitably would have to be 
taken. In the initial disorganiza
tion phase, when the radioactiv
ity was also most intense, it 
would be important for emergency 
personnel to avoid overexposure 
to radiation except where is was 
necessary to carry out missions of 
the greatest importance. 

It mav be noted in this conr:ec
tion, however, that because of the 
rapid initial decay of the fission 
products, a person who is exposed 
to the radiation from this mixture 
for the first hour after an explo
sion would not suffer any further 
appreciable injury by staying for 
several hours more. A situation 
of this kind might arise because 
of the immediate fall-cut from an 
underground or an underwater 
burst. 

During the emergency control 
phase the radiological defense 
system should be fully operable. 
Everv effort should be made to 
minimize the dose of gamma ac
tivity received by the general 
population. 

Protective Clothing 
Personnel entering a contami

nated area, whether to perform 
monitoring or other emergency 
work, should wear protective cloth-
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ing of some kind. Actually ordi
nary clothing is adequate protection 
against alpha and beta radiation, 
but since it is likely to become con
taminated it would have to be de
stroyed. 

Soon after an atomic explosion 
there is likely to be a large amount 
of dust m the air, especially in 
the regions of appreciable damage. 
There is practically no danger of 
this dust being contaminated after 
:i hig-h air burst. However, other 
types of deliveries could spread 
radioactivity on the ground. 

Consequently, all members of 
emergency teams entering a con
taminated area should wear res
:.nrators. Masks covering the nose 
ind mouth, of the type developed 
lS a protection against chemical 
.varfare agents. have been found 
:o be satisfactory in preventing 
nhalation of dust particles. Where 
.he amount of dust is very large, 
·t might be necessary to use a 
·espirator hood to give complete 
irotection of the head. 

In planning defenses against the 
'ltomic bomb, it is essential to re
member that in addition to its mul
tiple physical effects, it is also a 
weapon calculated to arouse ter
:or in a population. One of the 
essential defenses against it, along 
with those outlined, must there
:ore be psychological preparedness. 

Without minimizing the serious
ness of a possible atomic attack, 
:ntelligent planning based on the 
1mown facts could make it much 
'.ess serious, while a state of mind 
:1ccepting as true the notion that 
"there can be no defense against 
the atomic bomb" will most cer
tainly make its effects much more 
cerious than they otherwise would 
be. 

Had the people in Hiroshima and 
Nagasaki known and put into 
practice the defense measures out
l'ned in the official handbook on 
how to prepare against atomic at
tack, there can be no question 
that their casualties would have 
been but a fraction of what they 
actually were. 
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