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FOREWORD

The United States Strategic Bombing Survey was established
by the Secretary of War on 3 November 19/, pursuant to a Directivs
from the late President Roosevelt., Its mission was to conduct an
impartial and expert study of the effects of our aerial attack on
Germany, to be used in connection with air attacks on Japen and to
establish a basis for evaluating the importance and potentialities
of air pomer as an instrument of military strategy, for planning the
future development of the United States armed forces, and for deter-
mining future economic policies with respect to the national defense.
A summary report and some 200 supporting reports containing the find-
ings of the Survey in Germany have been published.

On 15 August 1945, President Truman requested that the
Survey conduct a similar study of the effecte of all types of air
attack in the war against Japan, submitting reports in duplicate to
the Secretary of War and to the Secretary of the Navy. The officers
of the Survey during ite Japanese phase were:

Franklin D'0Olier, Chairman

Paul H., Nitze, Henry C. Alexander, Vice-Chairmen
Walter Wilds, Secretary

Harry L. Bowman

J. K. Galbraith 3
Rensis Likert N
Frank A, McNamee 3
Fred Searls, Jr.

Monroe Spaght

Dr. Louis R. Thompson

Thecdore P. Wiright, Directors.

The Survey's complement provided for 300 civilians,
350 officers, and 500 enlisted men, The military segment of the
organization was drawn from the Army to the extent of 60 percent,
and from the Navy to the extent of 40 percent. Both the Army and
Navy gave the Survey all possible assistance in furnishing men,
supplies, transport, and information. The Survey operated from
headquarters in Tokyo early in September, 1945, with sub-headquarters
in Nagoya, Osaka, Hiroshima, and Nagasaki, and with mobile teams
operating in other parts of Japen, the islands of the Pacific and the
Asiatic mainland,

It was possible to reconstruct much of wartime anuqnﬂg
military planning and exescution engagement by engagement and tﬁuign I:



by campaign, and to secure reasonably accurate statistics on Japan's
econcmy and war-production plant by plant, and industry by industry.

In addition, studies were conducted on Japan's overall strategic

plans and the background of her entry into the war, the internal
discussions and negotiations leading to her acceptance of unconditional
surrender, the course of health and morale among the civilian popula-
tion, the effectiveness of the Japanese civilian defense organization
and the effects of the atomic bombs, Separate reports will be issued

covering each phase of the study.

The Survey interrogated more than 700 Japanese military,
government and industrial officials, It also recovered and trans-
lated many documents which have not only been useful to the Survey,
but will also furnish data valuable for other studiea, Arrangements
are being made to turn over the Survey's files to a permanent govern-
ment agancy where they will be available for further a:aminntinn and

distribution,
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I. ANTRODUCTION

The available facts about the power of the atomic bomb as
a military weapon lie in the story of what it did at Hiroshima and
Negasaki. Many of these facts have been published, in officiel and
unofficial form, but mingled with distortions or errors. The U, S.
Stategic Bombing Survey, therefore, in partial fulfillment of the
mission for which it was established, has put together in these
pages a fairly full account of just what the atomic bombs did at
Hiroshima and Nagasaki. Together with an explanation of how the
bomb achieved thess effects, this report states the extent and nature
of the damage, the casualties, and the political repercussions from
the two attacks, The basis is the observation, measurement, and
analysis of the Survey's investigators. The oonjecture that is
necessary for understanding of complex phenomena and for applying the
findings to the problems of defense of the U.S. is clearly labelled,

When the atomic bombs fell, the U.S, Strategic Bombing
Survey was completing a study of the effects of strategic bombing
on Germany's ability and will to resist, A similar study of the
effects of strategic bombing on Japan was being planned. The news
of the dropping of the atomic bomb gave a new urgency to this project,
for a atudy of the air war egainst Japan clearly involved new weapons
and new possibilities of concentration of attack that might qualify
or even change the conclusions and recommendations of the Survey as to
the effectiveness of air power. The directors of the Survey, there-
fore, decided to examine exhaustively the effects of the atomic
bombs, in order that the full impact on Japan and the implications of
their results could be confidently analyzed. Teams of experts were
selected to study the scenes of the bombings from the special points
of emphasis of physical damage, civilian defense, morale, casualties,
community 1ife, utilities and transportation, various industries,
and the general economic and political repercussions, In all, more
than 110 men = engineers, architects, fire experts, economists,
doctoras, photographers, draftsmen - participated in the field study
at each city, over a period of ten weeks from October to December,

1945, Their detailed studies, now being published, are listed in an
appendix to this summary report.

In addition, close liaison was maintained with other
investigating units. Cooperation was received from, and extended to,

the following groups:

The Joint Commission for the Investigation of the Ato
Bomb in Japan
g
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The British Mission to Japan
The Naval Technical Mission to Japan

Special acknowledgement is due to the medical groups of the
Joint Commission, whose data and findings have been generously made
available to the Survey. On medical aspects of the bombings, the
Joint Commission was the chief fact-finding group; it will present
its definitive report in the near future., In other fields, howsver ==
particularly the study of physical damagh and the impact on community
life == the Survey collected its orm data and is the primary source.



I1I. The Bffects of the Atomic Bombings.

Ae The Attacks tnf_l_ Damage.

l. The Lt“ﬂ‘k.-

A single atomic bomb, the first weapon of its type ever
used against a target, exploded over the city of Hiroshima at 0815 on
the morning of 6 August 1945. Most of the industrial workers had
already reported to work, but many workers were enroute and nearly all
the school children and some industrial employees were at work in the
open on the program of building removal to provide firebreaks and dis-
perse valuables to the country. The attack came 45 minutes after the
"all clear™ had been sounded from & previous alert. Because of the
lack of warning and the populace's indifference to small groups of
planes, the explosion came as an aimost complete surprise, and the
people had not taken shelter. Many were caught in the open, and most
of the rest in flimsily constructed homes or commercial establishments.

The bomb exploded slightly northwest of the center of the
oity. Because of this accuracy and the flat terrain and ocircular shape
of the oity, Hiroshima was uniformly and extensively devastated. Prao -
tically the entire densely or moderately built-up portion of the city
was leveled by blast and swept by fire. A "fire-storm", a phenomenon
which has occurred infrequently in other conflagrations, developed in
Hiroshima: fires springing up almost simultaneously over the wide flat
area around the center of the oity drew in air from all directions. The
inrush of air easily overcame the natural ground wind, whioh had a
veloocity of only about five miles per hour, The "fire-wind" attained a
maximum velocity of 30 to 40 miles per hour two to three hours after
the explosion. The "fire-wind" and the symmetry of the built~up center
of the city gave a roughly cirocular shape to the 4.4 square miles whioh
were almost completely burned out,

The surprise, the collapse of many bulldings, and the con-
flagration oontributed to an unprecedented casualty rate, Seventy to
eighty thousand people were killed, or missing and presumed dead, and
an equal number were injured. The magnitude of casualties is set in
relief by a comparison with the Tokyo fire raid of 9/10 March 1945, in
whioh, though nearly 16 square miles were destroyed, the number killed
wag no larger and fewer people were injured.

At Nagasakl, three days later, the city was scarcely more
prepared, though vague references to the Hiroshima disaster had appeared
in the newspaper of 8 August. From the Nagasaki Frefeotural Report on
the bombing, something of the shock of the explosion can be inferred:

"The dny was clear with not very much wind -- an ordinary mid-
summer 's day. The strain of continucus air attack on the ﬂity'l
population and the severity of the summer had vitiated



enthusiastio air raid precautions. Freviously, a general alert
had been sounded at 0748, with a raid alert at 0750; this was
cancelled at 0830, and the alertness of the people was dissipated
by & great feeling of relief.”

The oity remained on the warning alert, but when two B-29's were again
sighted coming in the raid signal was not given immediately; the bomb
was dropped at 1102 and the raid signal was given a few minutes later,
at 1109, Thus only about 400 people were in the olty's tumnel shelters,
which were adequate for about 30 per cent of the population.

"When the atomio bomb exploded, an intense flash was observed
first, as though a large amount of magnesium had been ignited,
and the scene grew haty with white smoke. At the same time at
the center of the explosion, and a.short while later in other
areas, a tremendous roaring sound was heard and a orushing blast
wave and intense heat were felt. The people of Nagasaki, even
those who lived on the outer edge of the blast, all felt as
though they had sustained a direoct hit, and the whole city suf-
fered damage such as would have resulted from direot hits every-
where by ordinary bombs."™

"The Zero area where the damage was most severe was almost com-
pletely wiped out and for a short while after the explosion no
reports came out of that area. Feople who wore in comparatively
damaged areas reported their ocondition under the impression that
they had received a direot hit. If such a great amount of dam-
age could be wreaked by a near miss, then the power of the
atomic bomd is unbelievably great.”

In Nagasaki, no fire storm arose, and the uneven terrain
of the oity confined the maximum intensity of damage to the walley over
which the bomb exploded. The area of nearly complete devastation was
thus much emaller: only about 1.8 square miles, Casualties were lower
also; between 35,000 and 40,000 were killed, and about the same number
injured. People in the tumnel shelters escaped injury, unless exposed
in the gntrance shaft.

The difference in the totals of destruotion to lives and
property at the two cities suggests the importance of the special oire
cumstances of layout and oonstruction of the oities, whioh affect the
results of the bombings and must be considered in evaluating the effec-
tiveness of the atomio bombs. An account of the nature and history of

each oity will give meaning to the details of the damage and disorgan-
ization at each.

2. HIROSHIMA.

The olty of Hiroshima is located on the broad fan-shKiped =
delta of the Ota River, whose seven mouths divide the oity into -




islands which project finger-like into Hiroshima Bay of the Inland Sea.
These mouths of the river furnished excellent firebreaks in a city that
is otherwise flat and only slightly above sea level. A highly devel-
oped bridge system, with 81 important bridges, joined the islands. A
single kidney shaped hill in the easterm part of the oclity, about one-
half mile long and rising to an elevation of 221 feet, offered some
blast proteotion to struotures on the eastern side opposite the point
of fall of the bomb. Otherwisce, the city was uniformly exposed to the
spreading energy from the bomb.

The city boundary extends to some low hills to the west
and northeast and embraces 26.36 square miles, only thirteen of which
were built up. Seven square miles were densel) or moderately built up,
the remainder being occupied by sparsely built-up residential, storage,
and transportation areas, vegetable farms, water courses, and wooded
hilly sections. In the central area, no systematic separation of com-
meroial, industrial, and residential zones existed, though there were
rough funotional seotions:s The main commercial district was located
in thé center of the city, and with the adjolning Chugoku Reglonal
Army Headquarters ocouplied the greater portion of the central island.
Residential areas and military barracks overlapped and surrounded this
central area, The bulk of the industries were located on the perimeter
of the olty, either on the southern ends of the islands (where the
Hiroshima airport was also situated) or to the east of the city. The
four square miles of densely bullt-up area in the heart of the city --
residential, commeroianl, and military =~ contained 75 percent of the
total population. If there were, as seens probable, about 245,000
people in the city at the time of the attack, the density in the con-
gested area must have been about 45,000 per square mile. Five com-
pleted evacuation programs and a sixth then in progress had reduced the
population from its wartime peak of 380,000.

i

In Hiroshima (and in Nagasaki also) the dwellings were of
wood oconstruotion; about one-half were one story and the remainder
either one and one-half or two stories. The roof coverings were mostly
hard-burnt black tile. There were no masonry division walls, and large
groups of dwellings olustered together. The type of construction,
ocoupled with antiquated fire-fighting equipment and inadequately trained
personnel, afforded even in peacetimes a high possibility of oonflagra-
tion. Many wood framed industrial buildings were of poor conetruction
by Amerioan standarde. The principal polnts of weakness were the ex-
tremely small tenond, the inadequate tension joints, and the inadequate
or poorly designed latéral bracings. Reinforced conorete framed build-
inge showed a striking laock of uniformity in design and in quality of
materials. Soms of the oonstruction details (reinforoing rod splices,
for example) were often poor, and much of the concrete was definitely
weak; thus soms reinforoed ooncrete buildings collapsed and suffered
struotural damage when within 2,000 fest of ground zero, and asza ==
internal wall paneling was demolished even up to 3,800 feet. |(For con= -
venlence, the term "ground zero™ will be used to designate the paint nq [
the ground directly bemeath the point of detonatiom, or "air szero".)

— T



Other buildings, however, were constructeod far more strongly “han 1is
required by normal building codes in America, to resist earthquakes.
Furthermore, construction regulations in Jepan have specified since

the 1923 earthquake that the roof must safely carry a minimum load of
70 pounds per square foot whereas American requirements do not normally
oxceed 40 pounde per square foot for similar types. Though the regula-
tion was not always followed, this extra strong constructicn was en-
countered in some of the buildings near ground gzero at Hiroshima, and
undoubtedly accounts for their ability to withstand atomio bomb pres-
sures without structural failures., Nearly 7 percent of the residential
units had been torn down to make firebreaks.

Hiroshima before the war was the seventh largest city in
Japan, with a population of over 340,000, and was the prinocipal admin-
istrative and commercial ceanter of the southwestern part of the country.
As the headquarters of the Second Army and of the Chugoku Regional Army,
i1t was one of the most importent military comsand stations in Japan,
the site of one of the largeet military enpply depots, and the fore-
most military shipping point for both troops and supplies. Ite shipping
activities had virtually ceased by the time of the attack, however,
because of sinkings end the mining of the Inland Sea. It had been
relatively wunimportant industrially before the war, ranking only
twelfth, but during the war new pleants were bullt that increased its
significance. These factories were not concentrated, but spread over
the outskirts of the oity; this loocation, we shall see, accounts for
the elight industrial damage,

The impact of the atomic bomb shattered the normal fabrie
of community life and disrupted the organizations for handling the
disaster. In the 30 percent of the population killed and the addition-
al 30 percent seriously injured were included corresponding proportions
of the civio authorities and rescue groups. A mass flight from the city
took place, as persons sought safety from the coaflagration and a place
for shelter and food. ¥ithin 24 hours, however, people were streaming
back by the thousands in search of relatives end friends and to deter-
mine the extent of their property loss. Road blocks had to be set up
along all routes leading into the city, to keep curious and unauthorized
people out., The bulk of the dehouded population found refuge in the
surrounding countryside; within the city the food supply was zhort and
shelter virtually non-existent.

On August 7, the commander of the Second Army assumed
general command of the counter-measures, and all military units and
facilities in the area were mobilized for rellief purposes. Army
bulldings on the periphery of the city provided shelter and emergency
hospital space, and dispersed Army supplies supplemented the slight
anounts of food and olothing that had esoaped destruction. The need
far exceeded what ocould be made available, Surviving civilians assisted;
although casualties in dboth groups had been heavy, 190 policemen and
over 2000 members of the Civilian Defense Corps reported for duty on

-~ =
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7 August,

The status of medical facilities and personnel dramatically

1llustrates the difficulties facing authorities. Of more than 200
dooctors in Hiroshima before the attack, over 90 percent were casualtiss
end only about 30 physicians were able to perform thdir normal duties
a month after the raid., Out of 1,780 nurses, 1,854 woere killed or
injured. Though some stocks of supplies had been dispersed, many weore
destroyed.. Only three out of 45 civilian hospitals could be used, and
two large Army hospitals were rendered unusable., Those within 3,000
feet of ground gero were totally destroyed, end the mortality rate of
the ocoupants was practioally 100 percent. Two large hospitals of
reinforced conorete construction were located 4,900 feet from ground
tero. The basic struotures remained erect but there was such severe
interior damage that neither was able to resune operation as a hospital
for sometime and the casualty rate was approximately 90 percent, due
primarily to falling plaster, flying glass, and fire. Hospitals and
clinics beyond 7,000 feet, though often remaining standing, were badly
damaged and contained many casualties from flying glass or other
missiles.

With such elimination of faoilities and personnel, the lack
of oare and rescue activities at the time of the disaster is understands~
able; ‘gtill, the eyewitness account of Father Siemes® shows how this
lack of first ald contributed to the seriousness of casualties. At the
improvised first ald stations, he reports:

"eeslodine is applied to the wounds but they are left uncleansed.
Nelither ointment nor other therapeutic agents are available.
Those that have been brought in are laid on the floor and no one
can give them any further care. Whhat could one do when all means
are lacking? Among the passersby, there are many who are uninjur-
ed.” In a purpossless, insensate manner, distraught by the magni-
tude of the disaster, most of them rush by and none conceives the
thought of organizing help on his own initiative. They are oon-
oorned only with the welfare of their omm families~-in the
official aid stations and hospitals, a good third or half of
those that had been brought in died. They lay about there almost
without oare, and a very high percentage sucoumbed., BEverything '
was laocking, dootors, assistants, dressings, drugs, etc..."

Effeotive medical help had to be sent in from the outside,
and arrived only after a considerable delay.

Fire fighting and rescue units were equally stripped of
men and equipment. Father Slemes reporte that 30 hours elapsed before
any organized rescue parties were observed. In Eiroshima, only 16
ploces of fire-fighting equipment were avallable for fighting the

* German-born Jesuit professor at Jochi University, Tokyo; in the
Hiroshima area when the bomb fell.



oonflagration, three of them borrowed. However, it is unllikely that
any public fire department in the world, even without damage to equip-
ment or casualties to personnel, could have prevented development of

a conflagration in Hiroshima, or combatted it with success at more
than a few locations along its perimeter. The total fire damage would
not have been much different.

All utilities and transportation services were disrupted
over varying lengths of time. In most cases, however, the demand fell
off even more preoipitously than the avallable supply, and where the
service was needed it could be restored at a minimal level. Thus,
through railroad service was possible on 8 August, only two days after
the attack, when fire truoks still had to be used to pump water into
the loocomotives because of insufficient water pressure. Blectric
power from the general netweork was avallable in most of the surviving
parts of the city on 7 August, and only one plant, the Engineering
Division of Mitsubishl Eeavy Industries, . was hampered in its recovery
by the inability to obtain sufficient power for several weeks.

The water reservoir, whioh was of reinforced conorete and
earthcovered, was undamaged; it was nearly two mlles from the blast
center. However, 70,000 bresks of pipe connectiones in bulldings and
dwellings were caused by blast and fire effects. No subsurface pipes
were orushed and no leaks resulted from blast as a direot cause, though
several leaks in underground mains resulted from falling debris.
Pressure in thes city oenter dropped to zero because of the conneotion
breaks and the damage to a 16-inoh and a l4-inch water main where they
crossed damaged bridges. Six sewer pumping stations were rendered
inoperable by fire and blast within a radius of one mile. The remain-
ing eight atations were only slightly demaged, but no effort was made
to repair or operate them. Water tables rose a flood periods and
lands behind revetments were inundated.

Trolley cars, trucks, and railroad rolling stock suffered
extensive damage. Transportation buildings (offices, stations, living
quarters, and a few warehouses) were damaged by fire in the passenger
station area, but damage was slight to tho roundhouses, transit sheds,
warehouses, and repair unite in the oclassification and repair area.
About 200 railroad employees were killed, but by 20 August, 14 days after.
the attack, 80 percent of the employees were at work.

The electrio power transmission and distribution system
was wrecked; only power equipment of rugged construction, such as trans-
formers, resisted the blast and heat within the devastated areas. In-
struments were damaged beyond repair, and switohes, switohyard insula-
tors, cables, and copper bus work were rendered unusadble, The tele-

phone system was approximately 80 peroent damaged, and no servioe was
restored until 15 August 1945, '

Industry in the center of the oity was effectively wiped
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out, Though small workshops numbered several thousand, they represented
only one-fourth of the total industriel production of Hiroshima, since
many of them had only one or two workers. The bulk of the city's output
came from large plants located on the outskirts of the city: one-half
of the industrial production ceme from only five firms, Of these

larger companies, only one suffered more than superficial damage. Of
their working force, 94 percent were uninjured, Since eleotrio power
was available, and materials and working force were not destroyed,
plants ordinarly responsible for nearly threo-fourths of Hiroshima's
industrial production could have resumed normal operation within 30
days of the attaok had the war continued.

Imnediately after the attack, the presence of these nearly
intact industrlies spurred counter-measures in an effort to retain for
the nation's war effort the potential output of the city. The prefec~
tural governor issued a proclamation on 7 August, calling for "a rehab-
{litation of the stricken city and an aroused fighting spirit to exter-
ninate the devilish Americans”, To prevent the spread of rumors and
brace morale, 210,000 out-of-town newspapers were brought in daily to
replace the destroyed local paper. With the surrender, however, recon-
struction took on a slower tempo. On 16 August, regular rationing was
resunsd. Care of the injured and disposal of corpses remained urgent,
but other steps ware few.

By 1 November, the population of Hiroshima was back to
137,000, The olty required complete rebuilding. The entire heart,
the main administrative and commeroial as well as residential section,
was gome., In this area only about fifty buildings, all of reinforced
concrete, remained standing. All of these suffered blast damage and
all save about a dozen were almost completely gutted by lire; only five
could be used without ma jor repairs. These burnt-out struotural frames
rose impressively from the ashes of the burned over section where ocoa=-
slonal piles of rubble or twisted steel skeletons marked the location
of brick or stesl frame structures. At greater distances light steel
frame and briock structures remained undamaged. Blast demage to wood
frame bulldings and to residences extended well beyond the burned over
Area, graduslly becoming more erratic and spotty as distances were
reached where only the weakest buildings were damaged, until in the
outer portiones of the city only minor disturbances of the tile roofs
or breakage of glass were visible. The offiocial Japanese figures summed
up the bullding destruction at 62,000 out of a total of 50,000 buildinge
in the urban area, or 60X. An additional 6,000 or 6.6% were severely
damaged, and most of the others showed glass breakage or disturbance of
roof tile. These figures show the magnitude of the problem faocing the
survivors.,

Despite the absence of sanitation measures, no epidemics
are reportsd to have brokenout. In view of the lack of medical facil-
ities, supplies and personnel, and the disruption of the sanitary sys-
tem, the escape from epidemics may seem surprising. The experience of



other bombed cities in Cermany and Japan shows that this is not an
isolated casa, A possible explanation may lie in the disinfecting
action of the extonsive fires. In later weeks, disease rates rose,
but not sharply.

Se nglnnki.

Nagasaki 1is located on the best natural harbor of
western Kyushu, a spacious inlet in the mountainous coast. The city
is a highly congestad urban pattern extending for several miles al-
ong the narrow shores and up the valleys opening out from the harbor.
Two rivers, divided ty a mountain spur, form the two main valleys in
whose basins the city lies: the Urakemi River, in whose tasin the
atomic bomb fell, running into the harbor from a NNW direction, end
the Nakashima River, running from the NE, This mountain spur and the
irregular ley-out of the city effectively reduced the area of destr-
uction.

The main residential and commercial districts are
intermingled in these two river tasins. The large industriel plants
stretch up the west shore of the bay and up the Urakami Valley.

Though the metropolitan area of the city is officlally sbout 35 square
miles and.stretches far into the countryside, the heavily built-up
area is confined by the terrain to less than four square miles. The
greatest population density thus approximated 65,000 per square mile
oven after the evacuations.

Despile ite excellent harbor, Nagasaki's commercial
{mportance, though great in previous centuries, had declined in recent
years because of the city's isolated peninsular position and the dif-
ficulties of transportation through the mountains by inadequate roads
and railroad facilities. As a naval base it had been supplanted by
Sasebo, Industry gradually increased in importance, primarily under
Mitsubishi influence. The four largest companies in the oity were the
¥4 tsubishi Shipyards, Electrical Equipment Works, Arms Flant, and Stesl
Viorks, eamploying nearly 90 percent of the city's labor force. Admin-
istratively, Nagasaki was by 1941 of merely local importance despite
being the seat of the prefectural government.

Before the atomic bombing on 9 August, Nagasaki had
experienced five small-scale air attaoks in the previous twelve months,
by an aggregate of 136 planes which dropped a total of 270 tons of high
explosive, 53 tone of incendiary, and 20 tons of fragmentation bombs.

Of these, a raild of 1 August 1945 was most effeotive,
with several bombs falling in the Mitsubishi Shipyards and Steel Works,
The scale of effeot can be roughly measured, however, by comparing the

toll of building damage with that from the atomic bomb; in all these
raids 276 residential buildings and 21 industrial buildings were des-
troyed or badly damaged. When the atomic bomb fell, Nagasaki was com-
paratively intaot.
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Because the moat intense destruction was confined to the
Urakaml Valley, the impact of the bomb on the city as a whole was less
shattering than at Hiroshima, In addition, no fire storm occurred;
indeed, a shift in wind direction helped control the fires, Medical
personnel and facilities were hard-hit, however, Over 80 percent of the
city's hospital beds and the Medical College were located within 3,000
feot of the center of the explosion, and were completely destroyed.
Reinforced concrete bulldings within this range, though standing, were
completely gutted by fire; bulldings of wooden construction were des-
troyed by fire and blast, The mortality rate in this group of build-
ings was between 75 and 80 percent. Exact casualty figures for med-
ieal personnel are unknpwn, but the city seems to have fared better
than Hiroshima: 120 doctoras were at work on 1 November, about one-
half of the pre-raid roster. Casualties were undoubtedly highs 600
out of 850 medical students at the Nagasaki Medical Collete were killed
and moat of the others injured; and of the 20 faculty members 12 were
killed and four others injured. -

Utilities and services were again dierupted, Both gas
plants were destroyed, and the replacement time was estimated at ssveral
months, Though the basic water supply was not affected, thousands
of residential feeder-line breaks were supplemented by eight breaks
on a.fourteen-inch mein line and four breaks where another main line
crossed a bridge, Electric power distribution and transmission systems
wers effectively destroyed in the area of heaviest destruction, but
power could be supplied to the other parts of the city almost immediately.

Shipping was virtually unaffected. Trolley service was
halted both by the interruption in power supply and by damage to street
cars, HNagasaki is at the end of a railrcad spr line, The major dam-
age was sustained by track and railroad bridges. The rails buckled in-
termittently for a distance of 5,000 to 7,500 feet from ground zero,
at points where burning debris set fire to wooden cross ties., Three
bridges were displaced; rails were distorted amd the tracks had to be
completely rebuilt, The railroad stations were completely destroyed
by blast and fire and the electric signal system wae severely damaged.
Rolling stock wae slightly damaged, primarily by fire., Although the
damage to equipment was not extensive, it was severe enough to curtail
traffic for 48 hours, during which time sufficient emergency repair
work was performed to permit resumption of limited traffie.

Control of relief measures was in the hands of the Prefecture,

The sequencs of clearance and repair activitiea illustrates the
astivities that were carried on.

The eity's repair facilities were completely disorganized
by the atomic bomb, so that with the single exception of shutting off
water to the affected areas no repairs were made to roads, bridges,
water mains, or transportation installations by city forces, The pre-
fecture took full responsibility for such restoration eas was accomplished,
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delegating to the scattered oity help the task of assisting in relief
of victims., There were only three survivors of 115 employees of the
street oar company, and late as the middle of November 1946 no oares
were running, & week after the explosion, the water works officlals
made an effort to supply water to persons attempting to live in the
bombad out areas, but the leakage was so great that the effort was
abandoned. It fell to the prefecture, therefore, to institute recov-
ery measures even in those streets normally the responsibility of the
city. Of the entire publioc works construction group covering the
Nagasaki City area, only three members appeared for work and a week was
required to looate and notify other survivors. On the morning of 10
August, police resoue units and workers from the FKawami-nami shipbuild-
ing works began the imperative task of olearing the Omura-Nagasakl
pike, which was impassable for 8,000 feet. A path 63 feet wide was
oleared despite the intense heat from smouldering fires, and by August
15 had been widened to permit two-way traffic., No trucks, only rakes
and shovels, were available for olearing the streets, which were filled
with tile, brioks, stone, corrugated iron, machinery, plaster, and
stuoco, Street areas affected by blast and not by fire were littered
with wood. Throughout the devastated area, all wounded bad to be
carried by stretoher, sinoe no motor vehiocles were able to proceed
through the cluttered streets for several days. The plan for debris
removal .required clearance of a few streets leading to the main high-
way; but there were frequent delays ocaused by the heat of smouldering
fires and by calls for relief work. The debris was simply raked and
shoveled off the streets. By 20 August the job was oconsidered complete.
The streets were not materially damaged by the bomb nor were the sur-
face or the abutments of the oommcrete bridges, but many of the wooden
bridges were totally or partially destroyed by fire.

Under the circumstances =« fire, flight of entire families,
destruotion of official records, mess oremation--identifioation of dead
and the acourate ococunt of casualties was impossible. As at Eiroshima,
the season of the year made rapid disposal of bodies imperative, and
zass oremation and mass burlal were resorted to in the days immediately
after the attack. Deaplte the absence of sanitary measures, no epi-
demios broke out here. The dysentery rate rose from 25/100,000 to
12&/100,000. A census taken on 1 November 1945 found a population of
142,700 in the oity.

At Nagasaki, the scale of destruction was greater than at

Hiroshima, though the actual area destroyed was amaller because of thes

terrain and the point of fall of the bomb. The Nagasaid Prafuuturllgg :
Report desoribes vividly the impress of the bomb on the city and its \ .

inhablitantes: \.

"Within a radius of one kilometer from ground gero, men and animals
died almost instantaneously from the tremendous blast pressure and heat;
houses and other structures were smashed, crusted and soattered; and
fires broke out, The strong complex steel members of the structures of



the Mitsubishi Steel Works were bent and twisted like jelly and the
roofs of the reinforced concrete National Schools were crumpled and
collapsed, indicating a force beyond imagination. Trees of all sizes
lost their branches or were uprooted or broken off at the trunk.

"Outside a radius of one kilometer and within a radius of two
kilometers from ground tero, some men and animals died instantly from
the great blast and heat, but the great majority were seriously or
superficially injured. Buuual and other structures were completely
destroyed while fires broke out everywhere. Trees were uprooted and
withered by the heat,

"Outside a radius of two kdilometers and within a radius of four
kilometers from ground gero men and animals suffered various degroes
of injury from window glass and other rrngmuutn soattered about by the
blast and many were burned by the intense heat, Dwelling and other
structures were half damaged by blast,

"Outside a radius of four kilometers and within a radius of elight
kilometers from ground zero living oreatureswere injured by materials
blown about ‘by the blast; the majority were only supsrficially wounded.
Houses were half or only partially damaged.”

R While the oonflagration with its uniformly burnt out area
oaught the attention at Hiroshima, the blast effects, with their res.m-
blance to the aftermath of a hurricane, were most striking at Nagasaki.
Conorete buildings had their sides facing the blast stove in like boxes,
Long 1lines of eteel framed faotory sheds, over a mile from puund zero,
leaned their skeletons away from the explosion. Blast resistant objects
like telephone poles leaned away from the center of the explosion; on
the surrounding hilles trees were blomn down within considerable areas,
Although there was no general conflagration, fires contributed to the
total damage in nearly all concrete structures. BEvidence of primary
fire is more frequent than at EHiroshima,

Booause parts of the city were protected by hills, more
than one-half of the residential units escaped serious damage. Of the
62,000 residential units in the city on 1 August, 14,146 or 27.2 per- '
cent were completely destroyed (by Japanese count) (11,464 of thease
were burned ); 6,441 or 10.5 percent were half-burned or destroyed;
many of the remaining units suffered superficid or minor damage. In
568 non-residential buildings in the built-up area of Nagasaki which the
Survey studied, almost 60 percent of the usable floor area was destroyed
or struoturally demaged. Only 12 percent was undamaged, the rest suf-
fering superficial or minor damage.

The survival of a higher percentage ot the buildings, then,
distinguishes Nagasald from Hiroshima; so also, on the other hand, does
the damage to faotories. In Nagasaki, only the Miteubishi Dookyards

among the major industries was remote enough from the explosion to



within 3,000 feel of ground zero, all known cases have had mis-
carriages, Ewven up to 6,500 feet they have had miscarriages or pre-
mature infants who died shortly after birth, In the group between
6,500 feet and 10,000 feet, about one-third have given birth to
apparently normal children. Two months after the explosion, the city's
total incidence of miscarriages, abortions, and premature births was
27 per cent as comparsd with a normal rate of 6 per cent. Since other
factors than radiation contributed to this increased rate, a period

of years will be required to learn the ultimate effectis of mass
radietion. upon reproduction,

Treatment of victims by the Japanese was limited by the lack of
medical supplies and facilities, Their therapy consisted of small
anmounts of vitemins, liver extract, and an cccasional blood trans-
fusion, Allied doctors used penicillin and plasma with beneficial
effects, Liver extract seemed to benefit the few patients on whon
it was used: it was given in small frequent doses when avallable.

A large percentage of the cases died of secondary disease, such as
septic bronchopneumonia or tuberculesis, as a result of lowered
resistance. Deaths from radiation began about a wezk after exposure
and reached a peak in three to four weeks, They had practically
ceased to occur after seven to eight weeks,

Unfortunately, no exact definition of the killing power of
radiation can yet be given, nor a satisfactory account of the sort and
thiclness of concrete or earth that will shisld people, From the
definitive report of the Joint Commission will come more nearly
accurate statements on these matters. In the meanwhile the awesome
lethal effects of the atomic bomb and the insidiocus additional peril
of the gamma rays speak for themselves,

There is roason to believe that if the effects of blast and fire
had been entirely absent from the bombing, the number of deaths among
people within a radius of one-half mile from ground zero would have
been almost as great as the actual figures and the deaths among those
within one mile would have been only slightly less, The principal
difference would have been in the time of the deaths., Instead of :
being killed outright as were most of these wvictims, they would have .
survived for a few days or even threz or four weeks, only to die
eventually cf radiation disease,



concrete or stesl framed buildings only one-third or one-fourth of the
machines were affected seriously. As would be expected, fire caused
much damage to machines in timber framed shops (practically all of
which were destroyed up to 7,000 feet from ground zero) and some
damage in other types of structure. Debris was a major cause of
damage only in certain reinforced concrete buildings, where walls and
roofs collapasad,

Shortage of raw materials had reduced operations at these four
Mitsubishi plants to a fraction of their cepacity. Ead the raw mat-
erial situation been normal and had the war continued, it is estimated
that restoration of production would have been possidle though slow.
The dockyard, which was affected mainly by the 1 August attack rather
than by the atomioc bomb, would have been able to produce at 80 percent
of full capacity within three or four months, The steel works would
have required a year to get into substantial production, the electric
works could have resumed production at a reduced rate within two months
and been back at capacity within six months, and the arms plants would
have required 15 months to reach two-thirds of their former capacity.



B. GENARAL EFFECTS

l. Casualties

The most striking result of the atomic bombs was the great number
of casualties. Tho exact number of dead and injured will nevar be known
bacause of the confusion after the explosions. Poersons unaccounted for
might have besn burned bayond recognition in the falling bulldines, dis-
posed of in one of the mass cremations of the first week of recovery, or
driven out of the city to dis or recover withovt any record remaining.
ko sure court of even ths pre-raid populations existed. Because of the
declins in activity in ths two port cities, the constant threat of in=-
cendiary ralds, and the formal evacuation programs of the government, an
unknown number of the inhadbitants had eilther driftod away from thse citles
or baen removed aocording to plan. In this uncertain situation, estima-
tes of casualties have cenerally ranged batween 100,000 and 180,000 for
Hiroshima, and between 50,000 and 100,000 for Nagasaki. The Survey be-
liovas the doad at Hiroshira to have been, botween 70,000 and 80,000, with
an equal number injured; at Nagasaki over 35,000 dead and somewhat more
than tnat injured seem the most plausible estimate.

Most of the immediate casualties did not differ from those caused
by incendiary or high explosive raids. The outstanding diffarence was
the presence of radiation effects, which became unmistakable about a wesk
after the bonbing. At the time of impact, however, the causes of death
and injury were flash burns, secondary effects of blast and falling debris,
and burns from blazing buildings. No records are available that give the
relative importance of the various types of injury, espscially for those
who died immediately after the explosion. Indeed, many of these people
undoubtedly died several times over, theorstically, since each was sub-
Jjected to several injuries any one of which would have been fatal. The
Hiroshima prefectural health department placed the proportion of dsaths
from burns (flash or flame) at 60 percent, from falling debris a%t 30
percant and from other injuries at 10 percent; it is generally agreed
that burns caused at least 50 percent of the initial casualties. Of those
who died later, an increasing proportion s uccumbed to radiation effects.

The s:riousness of these radiation effects way be measured by the
fact that 95 parcoent of the traced survivors of the immediate explosion
who wore within 3,000 feet suffered from radiation disease. Colonel
Stafford rarren, in his testimony before the Senate Committee on Atoric
Energy, Sstimated that radiatior was responsible for 7 to 8 percent of
the total deaths in the two cities. Most medical invastigators who spent
soms time in the arsas feel that this ostimate is far too low; it is
gonerally felt that no lass than 16 to 20 percent of the deaths were
from radiation. In addition, there were an equal number who were casual-
ties but survived, as well as uncounted thousands who probably were af=-
fected by the gamma rays but notenough to produce definite illness.

A plausible estirmate of the irportancs of the various causes of
desath would range as follows:

- 16 - —\



Flash burns 20 o 30 per cent
Other injuries 50 to 60 per cont
Radiat jon Sickness 15 to 20 per cent

If we examinre the nature of the casualties under each group of causos
we find familiar and unfamiliar effects.

Flash burns,

The flash of the explosion, which was extremely brief, emitted ra-
diant heat travelling at the speod of light. FA sh burns thus followed
the explosion instantaneously. The fact that relatively few victims
suffered bums of the eyeballs should not be interpreted as an indication
that the radiant hoat followed the flash, or that time was required %o
build up to maximum hoat intemsity. The explanation is sirply that the
struoture of the eye is more resistant to heat than is avorage human skin,
and near ground zero the reocessed position of the syedball offered pro-
taction from the overhead explosion. Peak temperatures lasted only mom-
entarily.

Survivors in the twoc ities statad that people Who were in the open
direstly under the explosion of the bomd were so severely burned that
the skin was charred dark browmm or black and that they disd within a fow
minutes or hours.

Among the survivors, the burnad areas of the skin showed evidence
of burns almost immediately after the explosion. At first theres was mark-
ed redness, and other evidence of thermal burns appeared within the next
few minutes or hours, depending on the degree of the burn. Uninfected
burms healed promptly without any :musual clinical features, acocording
to the Japanese physjoians who attendsd thecases. American medical ob-
servers noted only a tendency to formation of excess scar tissue, which
could be satisfactorily explained as the result of malnutritior and the
large degreo of secondary infection that complicated healing of the burns.
There were also a few instances of burns healing with contractures and
limitation of the mobility of certain joints, such as the elbows or knees,
In many instanoes, these primary burns of minor nature were complately
healed befors patients developed evidence of radiation effects,

Bescausa of the brisf duration of the flash wave and the shielding
offects of almost any objects -- leaves and clothing as well as buildings-
there were many interesting cases of protection. Themdiant heat came
in a direct line like light, so that the area burnsd corresponded to this
directed exposure. Persons whose sides ware t oward the explosion often
showaed definite burns of both sides of the back while the hollow of the
baok escaped. People in bulldings or houses were apparently burned only
if directly exposed through the windows. The most striking instance was
thatof a man writing bsfore a window, His hands were seriously burned
but his exposed face and neck suffered only slight burns due to the angle
of entry of the radiant heat through the window,
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Flash burns were largely confined to oxprosed areas of the body, but
on occasion would occur through varying talcknesses of clothing. Goner-
ally speaking, the thicker the clothing the more likely it was to give
comglete protection against flash burns. O(ne woman was burned over the
shouldsr except for a T-shaped area a bout one=fourth inch in breadth; the
T-shaped area corresponded to an increased thickness of the clothing from
the seam of the garment. Other people ware burned throough a single thick-
nass of kimono but were unscathed or only lightly affected undarr=ath the
lapel. In other instances, skin was burned bensath tightly fitting cloth-
ing but was unburned beneath loosely fitting portions. Finally, white or
light colors reflectad heat and affordad some protection; people wearing
black or dark-colored clothing were more likely to be burnsad.

Other Injuries

Bacause of the combination of factors at the area near the center of
the explosiorn, the casualty effects of blast are hard to single out. If
it is remembered that even directly under the explosion people wore sov-
eral hundred feot away from the air-burst, it will be easier to vndor-
stand why true blast effects were relatively rare. Only toward the peri-
phery of the affected zone was the blast effect lateral and likely to
throw poople viclently against buildings, and at the poeriphery the inten-
sity of the blast had fallen off sharply. Comparatively few instances
were reported of arms or legs being torn from the body by flying debris.
Another indication of tha rarity of over-pressure is the scarcity of
runtured sardrums. Among 106 viotims examined by the Japansse in Hiroshima
on 11 and 12 August, only thres showad ruptured sardrums; a study done
in October at the Omura hospital near Nagasaki revealed that only two of
92 cases had ruptured eardrums. Only at Nacasaki wars there reports of
over=pressure in the stock wave. Some of the dead were sald by survivors
to have had their abdomans ruptured and intestines protruding; othors wers
roported to have protruding eyes and tongues, and to have looked as if
they had drowned. Thorough check by Allied investigators discredited
these stories as evidence of direct blast effects; the normal effects of
blast are intermal henorrhege and crushing. These external signs point to
injuries from debris rather than blast, '

Injuries produced by falling and flying debris were much more num-
erous, and naturally increased in number and seriousness nearer the center
of the affected area. The collapse of the buildings was sudden, so that
thousands of people were pinned beneath the debris. Many woere able to
oxtricate themselves or received aid in escaping, but large numbers suc~-
cumbed elther to their injuries or to fire before they could be extricated.
The flimsiness of Japanese residential construction should not be allowed
to obscure the dangers of collapse; though the walls and partitions wers
light, the houses had heavy roof timbers and hsavy roof tiles. Flying
glass from panels also caused a large number of casualties, evan up to
15,000 feet from ground zero,

The number of burns from secondary fires was slight among survivors,
but it was probable that a large number of the deaths in both cities came

- 18 - BE—crto



from tho burning of people caucht in buildings. Eyewitness accounts ngree
that many fatalitieg occurred in this way, either imzediately or o= & re-
sult of the lack of care for those who did extricate themselves with ser-
ious burns, There are no references, however, to people in the streets
succumbing either to heat or to carbon monoxide as they did in Tokyo or

in Hamburg, Germany. A few burns resulted from clothing set afire by the
flash wave, but in most cases people were able to bsat out such fires
without serious injury to the skin,

tion Dise

The radiation effects upon survivors resulted.from the gamma rays
liberated by the fission process rather than from induced radio-activity
or the lingering radio-activity of deposits of primary fission products.
Both at Nagasaki and at Hiroshima, pockets of radio-activity have been
detected where fission products were directly deposited, but the degree
of activity in these areas was insufficient to produce casualties, Simi-
larly, induced radio-activity from the interaction of neutrons with matter
caused no authenticated fatalities., But the effects of gamma rays --
here used in a general sense to include all penetrating high-frequency
radiations and neutrons that caused injury-- are well established, even
though the Allies had no observera in the affected areas for several weeks
after the explosions,

Our understanding of radiation casualties is not complete, In part
the deficiency is in our basic knowledge of how radiation affects animal
tissue, In the words of Dr. Robert Stone of the lManhattan Project, "The
fundamental mechanism of the action of radiation on living tissues has
not been understocd, All methods of treatment have therefore been sym-
ptomatic rather than specific, For this reason, studies into the funda-
rentel nature of the action of radiation have been carried on to some ex-
tent, the limitation being that it was unlikely that significant results
could be obtained during the period of war."

According to the Japanese, those individuals very near the center of
the explosion but not affected by flash burns or secondary injuries became
111 within two or three days. Bloody diarrhea followed, and the victims
expired, some within two to three days after the onset and the majority
within a week., Autopsies showed remarkable changes in the blood picture--
almost complete absence of white blood cells, and deterioration of bone
marrow,., llicous membranes of the throat, lungs, stomach, and intestines
showed acute inflammation,

The majority of the radiation cases, who were at greater distances,

did not show severe symptoms until one to four weeks after the explosion,
though many felt weak and listless on the following day. After a day or
two of mild nausea and vomiting, the appetite improved and the person felt
quite well until symptoms reappeared at a later date., In the opinion of
sone Japanese physicians, those who rested or subjected themselwves to less
paysical exertion showed a longer delay before the onset of subsequent
symptoms. The first signs of recurrence were loss of appetite, lassitude,
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and general discomfort, Inflammation of the gums, mouth, and pharynx
appeared next, Within 12 to 48 hours, fever became evident, In many
instances it reached only 100° Fahrenheit and remained for only a few
days. In other cases, the temperature went as high as 104° or 106°
Fahrenheit, The degree of fever apparently had a direct relation to the
degres of exposure to radiation. Once developed, the fever was usually
well sustained, and in those cases terminating fatally it continued high
until the end. If the fever subsided, the patisnt usually showed a
rapld disappearance of other symptoms and soon regained his feeling of
good health, The other symptoms commonly seen were shortage of white
corpuscles, loss of bair, inflammation and gangrene of the gums, in-
flammation of the mouth and pharymx, uleceration of the lower gastro-
intestinal tract, small 1ivid spots (petechias)resulting from escape of
blood into the tissties of the skin or mucous memdbrane, and larger
hemorrhages of gums, nose and skin,

Loss of hair usually began about two weeks after the bomb explosicn,
though in a few instances it is reported to have begun as early as four
to five days aftermards, The areas were involved in the following order,
with variations depending on the degree of exposures scalp, armpits,
beard, pubic region, and eyebrows. Complete baldness was rare, Micro-
scopic study of the body areas involved has shown atrophy of the hair
follicles, In those patients who survived after two months, however, the
hair has commenced to regrow. An interesting but unconfirmed report has
it that loss of the hair was less marked in persons with grey hair than
in those with dark hair,

A decrease in the number of white blood corpuscles in the ciroulat-
ing blood appears to have been a constant accompaniment of radiation
disease, even existing in some milder cases without other radiation effects.
The degres of leukopenia was probably the most accurate index of the am-
ount of radiation a person received. The normal white blood count averages
5,000 to 7,000: leukopenia is indicated by a count of 4,000 or less, The
white blood count in the more mevere cases ranged from 1,500 to O, with
almost entire disappearance of the bone marrow, The moderately severe
cases showed evidence of degeneration of bone marrow and total white blood
counts of 1,500 to 3,000, The milder cases showed white blood counts of
3,000 to 4,000 with more minor degeneration changes in the bone marrow.
Tae changes in the system for forming red blood corpuscles developed
later, but were equally sesvers, '

Radiation clearly affected reproduction, thongh the extent has not
been determined, Sterility has been a common finding throughout Japan,
especially under the eonditions of the last two years, but there are signs
of an increase in the Hiroshima and Nagasaki areas to be attributed to
the radiation. Sperm counts done in Hiroshima under American supervision
revealed low sperm counts or complete aspermia for as long as three months
afterwards in males who were within 5,000 fest of the center of the ex-
ploeion., Cases dylng of radiation disease showed clear &ffects on sperma-
togenesis, Study of sections of ovaries from autopsied radiation victims
has not yet been completed. The effects of the bomb on pregnant women
are marked, however. Of women in wvarious stages of pregnancy who were



within 3,000 feel of ground zero, all known cases have had mis-
carriages, Ewven up to 6,500 feet they have had miscarriages or pre-
mature infants who died shortly after birth, In the group between
6,500 feet and 10,000 feet, about one-third have given birth to
apparently normal children. Two months after the explosion, the city's
total incidence of miscarriages, abortions, and premature births was
27 per cent as comparsd with a normal rate of 6 per cent. Since other
factors than radiation contributed to this increased rate, a period

of years will be required to learn the ultimate effectis of mass
radietion. upon reproduction,

Treatment of victims by the Japanese was limited by the lack of
medical supplies and facilities, Their therapy consisted of small
anmounts of vitemins, liver extract, and an cccasional blood trans-
fusion, Allied doctors used penicillin and plasma with beneficial
effects, Liver extract seemed to benefit the few patients on whon
it was used: it was given in small frequent doses when avallable.

A large percentage of the cases died of secondary disease, such as
septic bronchopneumonia or tuberculesis, as a result of lowered
resistance. Deaths from radiation began about a wezk after exposure
and reached a peak in three to four weeks, They had practically
ceased to occur after seven to eight weeks,

Unfortunately, no exact definition of the killing power of
radiation can yet be given, nor a satisfactory account of the sort and
thiclness of concrete or earth that will shisld people, From the
definitive report of the Joint Commission will come more nearly
accurate statements on these matters. In the meanwhile the awesome
lethal effects of the atomic bomb and the insidiocus additional peril
of the gamma rays speak for themselves,

There is roason to believe that if the effects of blast and fire
had been entirely absent from the bombing, the number of deaths among
people within a radius of one-half mile from ground zero would have
been almost as great as the actual figures and the deaths among those
within one mile would have been only slightly less, The principal
difference would have been in the time of the deaths., Instead of :
being killed outright as were most of these wvictims, they would have .
survived for a few days or even threz or four weeks, only to die
eventually cf radiation disease,



These svppositions have vital importancs, for actually in Nagasaki
and Hiroshima many people whow are protsctsd by structures against blast
and firs were not protected against the offoct of gamma rays. The com-
plexity of the problem of shaltsr protaction has bsen incraasad by this
necessity of shielding against radiant heat and gamma rays. Fortunataly,
sarth and concrote will shield against gamma rays, the required thickness
varying with the intansity of the rays.

The slow and inadequate trsatment of victims by the Japanese pro-
bably contributad to the high casualty rates. Many porsons could un-
doubtadly have beon saved had facilities, supplies and personnel been
available immediataly after the bombings. Frobably the numbsr of deaths
from the true blast effects, flame burns, or seriovs injuries from coll-
apsing structures would not havs been altared appreciably; gansrally
spaaking, these cases eithar were killed outright or elsa survived.

“any of the flash burn cases could have bsen saved with tremandous quan-
titios of plasma and parantoeral fluids if treatment could have bogun with-
in a few hcurs aftor the bombing. Probably the most significant results
could haywe beon achieved with tha r adiation cases. With large quantities
of whole blood and adequate supportive treatment, possibly 10t 20 per-
cent of thosa dying of radiation might have survived. However, it is
doubtful that 10 psrcont of all ths deaths resulting from the atomio

bombs could have been avoided with the best medical care. A more likely
figure is 6 to 8 percoent.
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A9 night be expected, the »rimnry reaction to the bondb ves fear --
uncontrolled terror, strongthened by the sheer horror of the dectruction
snd suffering witnessed snd experienced bty the survivors. Fetuvoeen one-
knlf nnd twe-thirds of those interviewed in $he Hiroshirn and legrsaki
arers confessed hrving such renctions, not lust for the monent but feor
gome time., As two survivors put it:

"Yhenever a plrne was sean after thot, peonle vould rush into their
shelters: they went in #nd out =0 much th-t they did not have time to
eat. They were so nervous they could not work."

"After the atonic bomd foll, I just couldn't stay home, I would
cookk, tut vhile cocking I vould elways be wstiching out end worrying
vhether an srtonic bonb vould fall near me."

The behavior of the living innmeldintelr nfter the tanbings, nrs des-
cribed esrlier, clearly shows the stete of shock that hindered rescue
efforts. 4 Nagnseki survivor illustrrtes succinctly the mood of survi-
vorsi

'Afl i ery was A flagsh end I felt m" body pget warn rnl then 1 gav
everything flying around. !y grandmother wes kit on the hepd by o fly-
ing niece of roof »nd she was bleeding . . . 1 beconme hystericel seeing

v grandmother bleeding and we Just ren eround without knowing what to
do."

"I wrs vorking at the office., I wrs tnlking to m friend at the
vindow. I saw the whole city in s red flame, then I ducked. %he pleces
of the glass hit my back and face. Ky dress wre torn off by the gless.
Then I got up and ran to the mountain vhere the gzood shelter was."

The two typlcal impulses were those: ainless, even hysterical nctivity,
or flight from the city to shelter nnd food.

The accentuated effect of these bomba came not only from the sur- !
prise r£nd their crushing power, but rlso from the feeling of security ..
erong the inheditants of the two cities before the attacks. Thouzh
Togesaki hed undergone five rei”s in the ~revioun year, ther had not
been heavy, and Hiroshira had gone alnmost untouched until the morning
of 5 August 1945, In both cities many veople felt that ther would be
spered, and the various rumors in circulction suvnorting such feeling
covered a wide ranpe of wishful thoughts. There were mo many Christiens

® AU,S5.5.1.5. lMorale division teanm interviewed n rcientificrlly se-
lected sammle of slpost 250 persons: 128 fron Firoshima snd Neg-saki
cities, And 120 fron the imnmedintelr surrounding srreas. The seme stend-
ard questions were vut to these peonle rnd sinilpr groups in represen-

tative Japenese cities.
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there, many Janenede-Anericans cene fron Firoshinma, the city wes a
femous beauty spot --these and other even more fantastic reasons en-
couraged hopes. Other people felt veguely that their city was being
gaved for "gonething big", however.

Such a shattering event could not fail to hove its inpect on people's
wvays of thinking., Study of the pmatterns of belief rbout the wer, before
and after the bombing, show this cheange clearly. PFPrior to the dropping
of the atomic bombs, the people of the two target cities appear to have
had fever misgivings about the war than people in other- citiles.

Rasponses to sct acuestions indicate thet among Japanese civilians oprior
to 1 July 1945

59% in the Hiroshima-Nagssaki areess
but

74% in the other urban sreas
entertained doubts adout n_anrna!e Victory;

319 in Hiroshimn-Yagasaki
but

47% in other urben areas
felt certaln that victory for Jenan was impossibdle;

127 in Filraahima-Nagssali
oot

34% in other urbon areas
had reached e voint where they felt unabdle to continue the war,

Further,

Eﬂg of the peonle of Japan as a whole sald they had never reached
2 point where they felt they could not go on with the war
wvhereas

39% of the peovle in the Hiroshima-Napgasaki areas said they had
never reachad such a point,

These figures clearly suggest thrt the will to resist had indeed been
higher in the "atonic bombd cities" than in Japan as a whole.

There is no doubt that the bond wns the most important influence
among the people of these areas in making them think that defeat waos
inevitable. An additional twenty-eight percent stated that after the
atonic bomd was dropped they decame convinced that victory for Japan
was imporsible, Almost one~fourth 2dnitted thot because of the bomdbing
they felt personally unnbdle to enrry on. Forty percont testified to
various degrees of defeatism induced dy the atomic bomdb. Significantly,
certainty of defeat was much more prevalent at Hiroshima, where the 2rea
of devastation sand the casunlties were greater, than at Fagasski,

Typical comments of survivors were:

"If the eneryy has this type of bomb, everyone is going to dle, and
we wish the war would bhurry and finish."



PI did not exnect thnat it wrs that vowerful. I thought we have
no defense against such a bonb,"

"One of my children wns killed br it, nnd I didn't cnre what hap-
pened after that."

Other reactions were found. In view of thair exneriences, it is
not remerkadle that some of the survivors (nearly one=fifth) hated the
Anmericans for using the bomb or exnressed their anger in wsuch terms ns
“cruel®, "inhumen", and "barbarous".

", . they reslly deanise the Americons for it, the neonle nrll sny
that if there are sulh things es ghosts, why don't they hrunt the
Americons?®

Athen I saw the injured and killed, I felt bditter agninst the
enery."

"Af ter the ntomic bomb exnloded, I felt that now I rmst go to work
in a ranitions plent. . . My sons told me that they vouldn't for-
get the atomic bonb even vhen they grow un.”

The reaction of hate and anger is not surprising, end it is likely
that in fact it vas 2 nore extensive sentiment then the figures indicate,
since unquestionably mrny respondents, out of fear or noliteness, did
not revenl their senticents with comlete candor. Desvite this factor,
the frecuency of hostile sentiments seems low. Two wer cont of the
respondents even volunteered the observation thrt they Ai? not blame
the U.S. for using the bomb. Therr is evidence that souc hostility was
turned egrninst their own government, either before or after the surren-
der, although only n few said they wondered why their nation could not
have mnde the bonb. In many instences the reection wes simply one of
resignation. A common courent was, "Since it was war, it was Just

Shikata-ga-nai (Too bad)."

Admiration for the bomd was more freouently expressed than snger,
Over one-fourth of the veople in the target cities ond surrounding ares
snid they were imvressed by its nower and by the scientific skill whicﬁ
underlay its discovery and production. :

Of greater significence are the resction of the Japanese neople nas
2 whole, The tvo reids were all-<'apsn events an?! were intended so:
the Allied powers were trying to break the fighting spirit of the Jepan-
ese people and their lenders, not just of the residents of Riroshina
and Negaseki., Virtudly all the Japanese peovnle had a chance to react to
the bonb, though the news had not renched to full spread at the time of
the surrender. By the time the interviewing wrs done, only about two
per cent of the populntion in rursl sresand one ver cent in the cities
had not henrd of the bomb.



The reactions found in the bombed cities appeared in the country
as a whole —- fear and terror, anger and hatred againet the users,
aduiration for the scientifio achievement -- though in each case with
less intenalty. The effect of the bomb on attitudes toward the war
in Japan as & whole was, howsver, much less marked than in the target
oltiss. While 40% of the latter respondents reported defeatist feel-
ings induced by the bomb, 28% of those in the islands as a whole attri-
buted such reactions to the news of the bomb. There are at least three
possible explanations of this difference. First, the level of confi=
donoe was quite low in Japan well before the time of the atomic bombing.
Prior to 1 July 1945 doubts about a Japanese victory were felt by 74
per cent of the n- mlation. By the same data 47 per cent had become
certain that a Japanese viotory was impossible, and 34 per cent felt
that they could not go on with the war. Under these cirocumstances, the
announcement of & new and devastating weapon was merely an addition to
the already eloquent evidence of national weakness, Seoond, the reac-
tion of those at some distance from the target citles seems to have
been blunted by their direot experience with other sorts of misfortunes
and hardships, the common phenomenon of psychological distance inoreas-
ing with geographical distance. In Japan as a whole, for exampls,
military losses and failures, such as those at Saipan, the Phillippines,
and Okinawa, were twice as important as this atomic bomdb in induocing
certainty of defeat, Other raids over Japen ms a whole were more than
three times as important in this respeot. Consumer deprivations, suoh
as food shortages and the attendant malnutrition, were also more impor-
tant in bringing people to the point where they felt they could not go
on with the war,

Third, the lack of understanding of the meaning of the new weapon
in areas away from the target undoubtedly limited its demoralising
effect., As distanoce from the target oities inoreased, the effectiveness
of the bombs in causing certainty of defeat deolined progressively:

Group of Cities % of Population certain of

defeat because of Atomic Bomb
Hiroshima = Nagasalki
Cities nearest to target

oltles. 23%
Cities near to target olitles, 15%
Cities far from target olties. 8%
Cities farthest from target

oitiesn. Gs

Only in the nearest group of oities, within forty miles of Hiroshima
or Fagasaki, was there a substantial effeoct on morale, Were the chan-
nels of mass communication as readily awvailable to all the population
as they are in the U,S, and had the use of the bomb reoceived anything
like the intensive ocoverage it had here, the effect on continued sup-
port of the war would probably have been greater. Something approaching
suoh knowledge, of oourse, probably would have spread rather widely had
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the war oontinued many more weeks, whether sanctioned by the censors
or spread by the ever-active rumor channels so ocommon in the country.

It is apparent that the effect of the atomic bombings dn the
confidence of the Japanese civilian population was remariably local-
ized. Outside of the target cities, it was subordinate to other de-
moralizing experiences. The eoffect which it did have was probably
due largely to the number of casualties and the nature of the injuries
received. These consequences were in part the result of surprice and
the vulnerability of the raid defense system. FProperly enforced war=
nings, precautions, and an emergency oare organization of the scale of
the bomb's effects might have reduced casualties and, therefore, the
effects on morale.

Even in the target cities, it must be emphasized, the atonle
bombs did not uniformly destroy the Japanese flghting spirit. Hire-
shima and Nagasaki, when compared with other Japanese citles, were
not more defeatiet than the average. The bombs were tremendous per=
sonal catastrophes to the survivors, but neither time nor understand-
ing of the revolutionary threat of the atomic bomdb psrmitted them to
see in these personal catastrophes a finel tlow to Japan's prospects
for victory or negotiated peace.

Se Thu_ﬁ&ggneaa Decision to Surrender.

The further question of the effects of the bombs on the moreale of
the Japanese leaders and their decision to abandon the war iz tied up
with other factors. The atomic bomb had more effect on the thinking
of government leaders than on the morale of the rank and file of civ~-
ilians outside of the target areas. It cannot be said, however, that
the atoaic bomb convinced the leaders who effected the peace of the
necessity of surrender. The decision to surrender, influenced in part
by knowledge of the low state of popular mecrale, had been taken at
least as early as 26 June at a meoting of the Supreme Whar Guideace
Council in the presence of the kmperor.

This decision did not, of course, represent the unanimous feeling
of those influential in government circles. As early as the spring of
1944 a group of former prime ministers and others close to the Emperor
had been making efforts toward bringing the war to an end. This group,
including such men as Admiral Ckada, Admiral Yonai, Prince Konoye, and
iarquis Kido, had been {nfluential in effecting Tojo's resignation and
in making Admiral Suzuki Prime MMinister after Koiso's fall. Lven in
the Suzuki cabinet, however, agreement was far from unanimous. The
Navy Minister, Admiral Yonai, was sympathetic, btut the mar Minister,
General Anami, usually represented the fight-to-the-end policy of the
Army. In the Supreme War Guidance Council, e sort of inner cabinet,
his adherence to that line was further assured by the participation of

the Army and Navy Chiefs of Staff, so that on the peace issue this or-
ganization was evenly divided, with these three opposing the Frime
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Minister, Foreign Ministor, and Navy Minlster. At any time military
(especially Army ) dissatisfaction with the Cabinet might have ewent~
uated at leaest in its fall and possibly in the "lijuidation™ of the
anti-war members.

Thus the problem facing the peace leaders in the government was
to bring about a surrender despite the hesitation of the Vuar Minister
and the opposition of the Army and MNavy Chiefs of Staff. This had to
be done, moreover, without precipitating counter measures by the Army
which would eliminate the entire peace groups This wes done ultimate-
ly by bringing the Emperor actively into the decision to accept the
Potsdam terms, So long as the Emperor openly supported such e policy
end ocould be presented to the country as doing so, the miliftary, which
had fostered and lived on the idea of complete obedience to the Emperor,
could not effectively rebel,

A preliminary step in this direction had been taken et the Imperial
Conference on 26 June. At this meeting, the Emperor, taking an sotive
part despite his custom to the contrary, stated thet he desired the
development of a plan to end the war as well as one to defend the home
islands, Thie was followed by a ranewal of earlier efforts to pget the
Soviet Union to intercede with the United States, which were effectively
answared by the Potsdam Declaration on 25 July and the Rusesian declar-
ation of war on 9 August.

The atomic bombings considerably speeded up these political man-
euverings within the government. Thie in itself was partly a morale
affect, since there is ample evidence that members of the Cabinet were
worried by the prospeot of further atomic bombings, especially on the
remains of Tokyo. The bombs did not convince the military that defense
of the home islands was impossible, if their behavior in government
counoiles is adequate testimony. It did permit the CGovernment to say,
however, that no army without the weapon could possibly resist an en-
emy who had it, thus saving "face" for the Army leeders and not reflect-
ing on the compstence of Japanese industrialists or the wvalor of the
Japanese soldier, In the Supreme War Guidance Council voting remained
divided, with the War Minister and the two Chiefs of Staff unwilling
to scoept unoonditional surrender. There seem little doubt, however,
that the bombing of Hiroshima and Nagasaki weakened their inclination
to oppose the peace group.

The peace effort culminated in an Imperial conference held on the
night of 9 August and continued into the early hours of 10 August, for
which the stage was set by the atomic bomd and the Russian war declar-
ation, At this meeting the Emperor, again breaking his oustomary sil-
ence, stated specifically that he wanted aoceptance of the Potsdam
terms.

A quip was current in high government circles at this time Chat
the atomic bomd was the real Kamikaze, since it seved Japan from
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further useless slaughter and destruction. It is apparent that in
the atorlc bomb the Japanese found the opportunity which they had
teen seeking, to btresk the existing deadlock within the government
over acceptance of the Potsdam terms.



I1I. HOW THE ATOMIC BOMB WORKS

Out of the atories of Hircehima and Nagasakl can be built up,
detail by detail, the picture of how the atomic bomb works: the
different forms of energy given off, the velocity ard intensity of
sach, the sort of effects each has on animate and inanimate odbjects.
In these factors is the real story of what happened at Hiroshima
and Fagasaki, for in them chance circumstances are ruled cut,

Spectators' accounts, whether of the New Mexico, the Hiroshima,
or the Nagasaki explosion, desoribe similar pictures. At Negasaki,
far example, the bomb exploded at 1102 with a tremendous flash of
blue-white light, like a giant magnesium flare. The flash was acce
cmpanied by a rush of heat and was followed by & huge pressure wave
and the rumbling sound of the explosion., Curiocusly enough, this
sound was not distinetly noted by those who survived pear the center
of the explosion, although it was heard as far as 15 milss away.
People on the hillsides in the country at a considerable distance
from Fagasaki told of seeing the blue-white and then multi.colored
flash over the oity, followed scme seconds later by a tremendous olap,
1ike thunder very close overhead, A huge snowewhite cloud shot rapid.
ly into the sky and the scens on the ground was obscured first by a
bluish baze and then by a purple-brown cloud of dust and smoke,

The survivors were not aware at the time that a radically new
bomb had been used, They wers conscious of an explosion of tremend.
cus power, but even the govermment had no conception, until President
Truman's announcement was broadcast, of ths pew principle of opsration,
If we strip cur minds of eny lingering prejudice that the atomic
bomdb is superpatural or incomprehensible in its operation, we shall
see why its uniqueness was not at first recognized.

1. The Mture of the Explosion

The atomic bomb works by explosion, An explosion is, in
the words of the Smyth report, simply a ®*sudden and violent release
of a large amount of energy in a small region,* As do ordinary high
explosives, atomic bombs release energy, though on an unprecsdented
scale, The energy takes three forms (one of which is new), and all
the effects of the bomb can be referred directly to these three kinds

of energy. They are:

(1) Heat (which is pressnt in other explosions, as the
familiar injuries known as "flash burns® on warships illustrate, but
ordinarily not at high enough diffused temperatures to burn a man or
set fire to combustible objects at any considerable distance from the
explosion,)

(2).Radiation (aimilar to x-rays or to that from radium,)

(3) Blast or pressure (as from a demolition bomb,)

= 3 = 13
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The whole discussion of the effecta of the atomic bomb
will be phrased in terms of these three kinds of energy. Ny other
more mysteriocus or immeasurable forces acted; these were all, :

These were enough., The energy released in atamic
explosion is of such magnitude and from so concentrated & source that
it sats eontirely new problems in its use or in protection against it.
Ordipary burning or explosion is a chemical reaction in which energy

is released during the rearrapgement of the atams of the explosive
material., In an atomioc reaction, however, the identity of the atams,
not simply their arrangement, is changed, The change is more fundamene
tal: in it, matter is transformed into ensrgy. The energy released
when & pound of nitroglycerine explodes, would, when converted into
heat, raise the tempsrature of 150 pounds of water by 18° Fahrenheit,
The explosion of & pound of urapiym would produce an equal temperature
rise in 2 dbillion pounds of water, Clearly, only a small part of the
mass in the banb's active core nesd be transformed to give an explosion
of tremendous powar,

At the time of the explosion, then, energy was given off

in the forms of light, heat, gamma radiation, and pressure. The whole
range of radietions, indeed, seems to bave been present., There were
heat radiations in the low frequency band below infra-red, visible
waves of all colors (as the eyewitness accounts show), and penetrating
radiations of very high frequency generally grouped as "gamma rays®.
Light ard radiant heat (*flash heat*) sped out in all directions at

a rate of 186,000 miles per second, and the gamma rays at the same
rate (though their effect was not immediately obricus.) The shock
waves travelled much more & owly: it may be inferred from tests with
high exp losives that the rate at a relative short di stance from the
point of explosion was about two miles per second, and dropped repidly
to the speed of scund, or about one fifth of a mile per second. Thus
the light, heat, and gamma radiation reachsd the target first, followed
by shock and sound and the high winds of the blast,

(2) Hoot

The center of the explosions--several hundred feet
above ground..was & ball of fire. Because the radiant heatl given off
at the explosion easily charred combustible objeots while ceasing so
quickly that surfaces not in the direct line of radiation wers unaffect-
ed, there are clearly marked "shadows® visible where objects were
shielded against the heat. By projecting back the sharply def ined
outlines of these shadows, Japenese and Allied scientists have deter-
mined the height and diameter of the fireball., The two fireballs
were apparently several hundred feet in diameter. The temperature at
their core was virtually inconceivable--millions of degrees Centigrade.
Even at its edge, the temperature was several thousand degrees; reasone
ing from the heat effects observed on human beings, bubbled roof tile,



and combustible materials, Japanese apnd Allied scientists heve placed
the figure variously betwsen 3000 and 9000° Centigrade, ZEnergy glrven
off in heat alone 'li estimated by Japansse physicliats at the astron-

omical figure of 1012 calories.

The flash heat was intense ercugh to w-n fires, de-
spite the distance of the fire ball fram the ground. Clothing ig-
nited, though it could be quickly beaten out, telephone poles charred,
thatched roofs of houses caught fire, In Hiroshima, the explosion
started hundreds of fires elmost simultapecusly, the most distent of
which was found 13,700 fest from ground zeroj this, however, probably
started when a building with a thatched roof collapsed onto a hot
charcoal fire. Fires were started directly by flash hsat in such
easily ignitable substances as dark cloth, paper, oOr dry-rotted wood,
within about 3,500 feet of ground zero; white-p&inted, concrete-faced
or cement-stuccoed structures reflected the heat and did not ignite,
A cedar bark roof and the top of a dry-rotted wooden platform 5200
feet west of ground zero, were reported to have been ignited by the
bomb flash., The majority of initial fires in buildings, however, were
started by secondary sources (kitchen charcoal fires, elesctric short-
circults, industrial process fires, etc.). In Nagasaki, both Japanese
apd Americen fire experts agreed that more fires wers caused directly
than indirectly, in a ratio of 60 to 40, The range of primary fire there
{3 reported to have exceeded 10,000 feeot.

Oharred telephone poles were discernable for 10,000
feet south and 13,000 feet north of ground zero at Hiroshima, and for
13,000 feet or more at Magasaki. Pubbling of roof tile occured at
Hiroshima from ground zero out to 4000 feet, though with only
neattered frequency after 2000 feet. The same phenomenon was reported
at Magasaki, accompanied again by scarring and peeling of grani tic
rocks, almost & mile from ground zero, A similar bubbled surface
was obtained at the Mational Bureau of Stendards by heating a smapis Hﬂ,rh
of the tile to 1800° Centigrade for a pericd of four seconds. The

effect so produced extended deeper into the tile than did the bubbling
caused by the atomic bomb, which indicates that the explosion of the

bomb subjected the tile to & temperature of more than 1800° for less
than four seconds. -

Persons reported feeling heat on their skin as far away
as 24,000 feet. Burns of unprotected skin certainly occurred up %o
12/13,000 feet, and repartedly up to 15,000 feet--nearly three miles.
Serious or third-degree burns were suffered by those directly exposed
within },500 feat, and occasionally as remote as 7200 feat., In the
immediate area of ground zero, the heat charred corpses beyond recog-
nition,

Clothing &s well as buildings afforded considerable
protection against the flash, Even a clump of grass or tree leaf was
on occasion adequate.

- 32 = f—%



The implication clearly is that the duration of the flash was less
than the time required for the grass or leaf to shrivel. While an
accurate estimate is not possible, the duration could hardly have
exceeded & fraction of a second.

3. Hadiation

From the chain reaction which produced the mass release
of energy in the explosion, a wide range of radiations were released.
The light and heat are familiar elements of explosions, but the free
neutrons and high-frequency radiations such as gamma reys are a new
phencmenon. 3Ihese radiations are highly penetrating and lethal,

The damaging penetration of rediation would be possible
from three sources:

a,) From the high-fraquency radiations, whether neutrons,
gamma rays, or other unspecified rays, released in the chain reaction
of the bomb, :

be) From lingering radio-activity from deposits of
primary fission products scattered in the explosion.

~ ce) From induced radio-activity in the bombed area,
caused by intesraction of neutrons with matter penetrated,

Only the first cause seams to have had important effects,
though there are detsctable pockets of radio-activity in both citles.
At Talkasu, 10,000 feet from ground zero at Hiroshima, and at Nishi-
yama, 6,500 feet fram ground zero in Migasaki, scientific measurements
weaks after the explosion showed radicactivity. PFresumabdbly this was
from deposits of primary fission products rather than induced redio-
activity, In tests of the ground and bones of victims of radiation
disease, certain substances--phosphorus, barium, strontium, rare
esarths--bave shown radio-activity. Though evidence of lingering
radioc-activity is slight, it is strong enough to leave open the
cminous possibility of a different situation bad the bomb exploded at
ground level.

The radiation apparently had no lasting effects on the
soil or vegetation: seeds later planted within a few hundred feet of
ground zero grew normally. Examination of sub-surface soil in the
{immediate area showed presence of earthworms and other life only a
few inches below the surface. The effect on humen procreation is
ssyeot undetermined, but pregoant women within a mile of ground zero
showed an increased number of miscarriages, and there was in most cases
a low sperm count among men in the same area. Stories of harmful
effects on people who come into the area after the explosion have been
disproved by inveatigation.

The reys proved lethal for an average radis of 3000 feet
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fran ground zero. They caused loss of hair up to 7500 feet and
occasionally beyond, andother mild effects up to almost two miles,

he Blagt

The pressure or shock wave travelled out in all directions
fran the explosion. The blast effects produced were uniform, and
essentially those of conventional large high-explosive weapons though
on a much larger scale. Thus, instead of localized effects such as
the collapse of a roof truss or wall pamel, entirs buildings were
crushed or distorted as units,

The blast pressure, as with high explosives, rose
almost instantaneously to a peak, declined more slowly, and then fell
below etmospheric pressure for & psriod about three times the period
during which i1t was ebove atmospheric pressure., The positive period..
that during which the pressure was greater than atmospheric.-was of
much greater peak pressure than the succeeding, or negative phase,.
Short though the positive phase was--probably only slightly longer
than a second--it lastel longer than the -positive phase of ordinary
bombs, Thus the effect of the atamic bomb on buildings was usually
that of a powerful push which shoved buildings over or left them
leaning, whereas high explosive bombs strike sharply andmuch more
briefly and tenu to punch holes in walls, The durations was also
long enocugh so that almost all building failures came during the
positive phase, Comparatively few evidences were found of failures
of members during the longer but less intensze negative phase; window
shutters blown ocutwards toward the explosion were very rare.

Experiments with high explosives bhave shosn that the
face-on peak pressures ars approximately two to five times as intenss
as side-on peak pressures; thus greater damage was inflicted on walls
or roofs facing the blast than on similar surfaces parallal to the
blast. Near ground zero, the blast struck almost vertically downward.
Buildings were crushed if weak, or the roofs were crushed in with
Jdittle or no damage to the walls. Trunks of frees ramained standing,
but stripped of their branches; telephone poles, pushed over farther
out, also remasined errect near the center, Many small bulldings were
virtually engulfed in the pressurs wave and simultaneously crushed
from different directions, At somewhat greater distances, both
horizontal end vertical campohents of the blast were appreciable,
end buildings suffered damage both to roofs and to walls facing the
explosion, At considerable distances, where the blast was travelling
in an almost horizontal direction, damage was predcminantly inflicted
on walls during the blast. In such cases, the buildings were often
campletely racked by the ipability of roof truss members to transmit
the pressure to the far walls,

Shielding was more important at Magesaki than et Hiroshima,
because of the hills that divided the city., Puilding restrictions in



Japan after the 1923 earthquake limited bullding heights to 100
feet; thus there was little shielding by buildings from these air-
burst bombs,

Reflection and diffraction effects were observed, Had the
blast travelled in completely straight lines, more bulldings would
have survived in Nagasaki than actually did., Reflection effects
were most clearly observed in the destruction of parapet walls of
roofe on the side away from the bomb, where reflection of the blast
wave from the roof reinforced the blast impinging on the wall
directly., They were also visible in the displacing and cracking of
concrete deocks of bridges within one thousand feet of ground zero,
where reflection of the blast wave from the water struck the bridges
where their resistance was least,

The resistance of builldings depended very largely on their
construction, as two examples show,

a.) In the area betwesn two and three thousand feet from
ground zero at Nagasaki, only 9.5 per cent of the floor area of
reinforced concrete bulldings was destroyed or structurally damaged.
Yet in the ring between 4,000 and 5,000 feet from ground zero, 56 per
cent of such buildings was destroyed or structurally damaged.
Careful examination showed that the difference lay solely in design,
construction detall, and materials: the bomb detonated over a sec-
tion containing the most carefully and strongly built bulldings in
the city, the majority multi-story earthquake resistant structures.
This strength more than compensated for the greater intensity of
blast. A rapldly diminishing blast was capable of serious damage
to weaker bulldings further away, mostly high single-story indus-
trial buildings, with thin shell-type arch roofs.

b.) At both cities, stesl framed buildings with corrugated
asbestos walls and roofs suffered less structural damage than those
with corrugated iron or sheet metal walls and roofs. The corrugated *
asbestos crumbled easily, permitting the blast pressure tn-auq&£::+qsﬂlﬁgaf
itself rapldly around the main framing members, but the steel siding
transferred the pressure to the structural members, causing distortion
or general collapse,

The 1limits of blast effects extended eight miles out, where
some glass reportedly shattered in Hiroshimaj; at the same city,
some roof stripping and disturbance of tiles was inflicted at the
Japan Steel Company, 4.1 miles from ground szero.

In analyzing the extent of the destruction wrought by the

bombs, it is necessary to discriminate between the two citlies ana
between different types of bulldings. Equivalent effects are found
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et Nagasakl over greater areas, Structural damage to reinforced
concrete bulldings, both earthquake resistant and non-earthquake
resistant, occurred within an area of 0,05 square miles at
Hiroshima, but at Nagasakl simllar severe damage was inflicted in
an area of 0,43 square miles,

Severe damage to one-story light steel frame bulldings was
equally extensive at the two clties; the area was 3.3 square miles
at Nagasakil and 3.4 square miles at Hiroshima, Heavy stesl frame
buildings could be studied only at Nagasaki, where they suffered
structural damage over an area of 1,8 square miles,

One-story brick buildings with load bearing walls were severely
damaged within an area of 8.1 square miles at Nagasaki, and within
an area of 6,0 square miles at Hiroshima, Multi-story brick
buildings, which were studied only at Hiroshima, were severely
damaged within an area of 3.6 square miles,

Wood domestic bulldings were severely damaged within an area of
7.5 square miles at Nagasaki, and within an area of 6,0 square
miles at Hiroshima, Wood frame industrial and commercial buildings,
which were of inferior construction, were severely damaged within
9.9 square miles at Nagasaki, and 8,5 square miles at Hircshima.

Maximum blast pressures fall off very rapldly as the distance
from the detonation increases, In the two bombed cities, thus,
reinforced concrete buildings of good construction were structur-
ally damaged only when within a few hundred feet of ground zero.
Indeed, ground zero itself was too distant from air gero for the
earthquake-resistant buildings to be eollapsed, It is the opinion
of the Survey's engineers that at Hiroshima more thorough destruc-
tion near ground zero, without significant loss in the ecope of
destruction, could have been achieved had the bomb been detonated
at a lower altitude,

5. The Atomic Bomb Compared with Other Weapons.

In comparing the atomic bomb with other weapons, it is well to
remembexr the importance of the height at which -it exploded. Because
of this distance from the targets, the atomic bombs did not exert
at any point in Hiroshima or Nagasaki the high instantaneous peak
pressures of even small high explosive bombs, For exampls, a single
100-pound bomb exploding at ground level exerts a higher blast
pressurs over an area of 1,000 square feet (for about 18 feet around
its point of detonation) than did the atomic bomb at any point in
either oity.



That fact will place comparisons of the radii of effectiveness
in the proper perspactive, Even at the heights from which the atomic
bomb was exploded in Japan, its blast effects were on a new scale
because the duration of the blast was long cemparsd to that of high
explosive bombs, To take only one example: at Nagasaki brick
buildings suffered structural damage within a radius averaging 6000
feat from ground zero, Comparable damage would be done by a
500-pound high explosive bomb burstat ground lsvel for a radius of
55 feet; by 2 1000-pound bomb for 80 feet; by a one-ton bomb for 110
feat; and by a two-ton bomb for 200 feet, A hypothetical ten-ton
bluckbuater (only t en-ton penstrating bombs have actually been used)
could be expected to achieve equivalent damage over a radius of 400
feet, The area of effectivensss of the air-burst atomic bomb against
brick buildings thus ranged from 15,000 times as great as that for a
500=-pound bomb, to 225 times as gruab as that for the imaginary

ten-ton blockbu:t-ur.

A simple table shows most strikingly the comparison bestween the
striking forces needed for atomic and for conventional raids, Against
the two atomic attacks can be set the data for the most effeotive
single urbana ttack, that on Tokyo on 9 March 1945, and the average
effort and results from the Twentieth Alr Force's campaign against
Japanese cities:

EFFORT AND RESULTS

Hiroshima Nagasakl Tokyo Average of 93
— Urban Attacks

Planes 1l 1 279 173
Bomb Load 1 atomic 1 atomic 1,667 tons 1,129 tons
Population
Density per 46,000 65,000 130,000 unknown
Square mile X
Square miles
destroyed 4e? 1,8 15.8 1.8
Killed and
sl 70/80,000 35/40,000 83,600 1,850
Injured 70,000 40,000 102,000 1,830
Mortality rate
per sq mile 2
Sestroyed 15,000 0,000 5,300 1,000
Casualty rate 32,000 43,000 11,800 2,000

per sq mile



What stands out from this compilation, even more than the
extent of the destruction from ma single concentrated source, 1s the
unprecedented casvalty rate from the combination of heat, blast, end
gamma rays froem Lthe chaln roaction.

On the basis of the knomn destructiveness of various bombs
computed from the war in Europe and the Pacific and from tests,
the Survey has estimated the striking force that would have been
necessary to achieve the same destruction at Hiroshima and Negasaki.
To cause physioal damage squivalent to that caused by the atomic
bombe, approximately 1300 tons of bombs (one-fourth high explosives
and three-fourths incendiaries) at Hirochima and 600 tons (three~
fourths high explosives and one-fourth incendiary) would have besn
required at Nagasakli--in the target area. To place that many bombs
in the target area, assuming Enyﬁigﬂt attacks under essentially the
same conditions of weather and enemy opposition that prevailed when
the atomic bombs were dropped, it is estimated that 1600 tons of bombs
would have had to be dropped at Hiroshime and 900 tons at Nagasaki,
To these bomb loads would have had to be added a number of tons of
anti-personnel fragmentation bombs to inflict comparable casualties:
these would add about 500 tons at Hiroshima and 300 tons at Nagasaki,
The total bomb loads would thus be 2100 tons at Hiroshima (400 HE,
1200 IB) and 1200 tons (675 HE, 225 IB) at Nagasaki., With each plane
carrying ton tons, the attacking force required would have been
210 B-29s at Hiroshima and 120 B-29s et Nageseki,

It should b2 kept in mind, however, that the area of damage at
Nagasaki does not represent the full potential effectiveness of the
atomic bomb used there. The damage was limited by the small sige
of the rather 1solated seotion of the city over which the bomd
exploded, Had the target been sufficiently large, with no sections
protected by intervening hills, the area of damage would have been
about five times as large. An equivalent bomb load which would
correspond to the destructive power of the Nagasaki bomb rather
than the imperfect results achieved would approximate 2200 tons
of high explosives and incendiaries for physical damage plus 500
tons of fragmentation bombs for casualties, a total of 270 B-29
loads of ten tons each.



IV, SIGHPOSTS, The Danger, and .hat ie Can Do Aboubt I1t.

A. The Danger.

The Survey's investigators, as they proceeded about their
study, found an insistent question framing itself in their minds:
"ihat if the target for the bomb had been an American city:" True,
the primary mission of the Survey was to ascertain the facts just
summarized, But conclusions as to the meaning of those facts, for
citizens of the United States, forced themselves almost inescapably
on the men who examined thoughtfully the remeins of Hiroshima and
Negasaki. These conclusions have a different sort of validity {rom
the measurable and ponderable facts of preceding sections, and there-
fore they are presented separately. They are not the least important
part of this report, however, and they are stated with no less
conviction,

Ho two cities, whether in Japan or the United States, are exactly
alike, But the differences in terrain, layout and zoning, densiiy,
and type of construction can be allowed for one by one; when that is
done, comparisons become possible. The most striking difference
between American and Japanese cities is in residential districts:
what happened to typical Japanese homes is not directly applicable to
American residential districts, But in Japanese cities were many
brick and wood frame buildings of Weslern or similar design and of good
workmanship, It was the opinion of the Survey's engineers, with their
professionel familiarity with American bulldings, that these Japanese
buildings reacted to the bomb much as typical Armerican buildings
would have., And these buildings were exceedingly wvulnerable: multi-
story brick buildings with load-beering wnlls were destroyed or
seriously damaged over an area of 3,6 square miles at Hiroshima, while
similar one-story brick buildings were destroyed or serlously damaged
within an area of six square miles, Vood frame bulldings bullt as
industrial or commercial shops suffered similar damage in an area of
over eight miles, while Japanese residences were destroyed or
seriously damaged within an area of six square miles. This was at
Hiroshima, where the less powerful bomb was used! :

These figures indicate what would happen to typical wood,
brick, and stucco structures in American cities. Modern reinferced
concrete and steel frame buildings would fare better here -- as they
did in Japan., But the following table shows how Americen cities
ars built, and how few are of blast-resistant construction,
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“TYPES OF STRUCTURES BY EXTERIOR MATERIAL IU S, CITIES)

CITY TOTAL STRUCTURES

— — REPORTED _._5 m
Washington 156,359 B9 957939 5. 6 5685 3.5%
Chicago 382,628 131,148 233,959 5,‘?9'? 6,724, 1.7%
Detroit 267,677 165,488 94,333 1,923 5,933 2.2%
8an Franciseo 105,180 61,172 2,334 7.0 R 722 0.73

SOURCEs 16th Gensus of U.S. (1940) Vol. II.

The overwhelming bulk of the bulldings in American citles could
not stand up against an atomic bomb bursting a mile or a mile and a
half from them,

And the people? We must not too readily discount the casualty
rate bécause of the teeming populations of congested Japanese citles.
Ameriocan cities too have their crowded slums, and in addition tend to
build vertically so that the density of the population is high in a
given area even though each apartment dweller may have more living
space than his Japanese equivalent.

POPULATION DENSITIES
U.S. AND JAPANESE CITIES

CITY POPULAT ION AREA POPUTATION DENSITY

— =S S0, MI.

New York 492,000 322.8 23,200
Manhattan {dqu 3,200, 000 22,2 145,000
Manhattan (night) 1,689,000 22,2 76,000
Bromx 1,493,700 41.4 34,000
Brooklyn 2,792,600 80.9 34,200
Queens 1,340,500 121.1 11,000
Staten Island 176,200 57 o2 3,000

Washington 663,091 61.4 11,000

Chicago 3,396,808 206.7 16 500

Detroit 1,623,452 137.9 11,750

San Francisco 634,536 LA .6 M,25U

Hiroshima 340,000 26.5 12,750

(pre-war)
Center of City 184,000 4.0 46,000
(1 Aug 45)
Nagasaki 250,000 35. 7,000
(pre-war)
Bullt-up area 220,000 3.4 65,000
(1 .mg '45)
SOURCE: New York: , July, 1939 = Other U.S. cities: 16th

Census of U,S, 940) R



Yost of the porulation densities in this table are merely averages for
people within a city limits. UKost meaningful, there®ore, are the
figures for the central areas of Hiroshima and lagacazl, and for the
boroughs of New York. The casualty rates at Hiroshima and Nagasaki,
applied to the massed inhabitants of Lanhattan, Brooklyn, and the
Bronx, yleld a grim conclusion, These casualty rates, it must never
be forgotten, reault fronm the first atomic bombs to be used and frem
bombs burst at considerable distances above the ground, Improved
bombs, perhaps detonated more effectively, may well prove still more

deadly.

B. What We Can Do About It,

The danger is real — of that; the Survey's findings leavs no
doubt, Scattered through those findings, at the same time, are the
clues to the measures that can be taken to cut dom potential losses
of ‘]lives and property. ‘Thess measures must be taken or initiat~d now,
if their cost is not to be prohibitive, But if a policy is laid
dom, well in advance of any crisis, it will enable timely decen%rallsa-
tion of industrial and medical facilities, construction or blueprinting
of shelters, and preparation for life-saving evacuation programs,

The almost mnprotected, completely surprised cities of Japan suffered
maximum lesses from atomic bomd attack, If we recognize in advance
the poasible danger and act to forestall it, we shall at worst suffer
minimum casualties and disruption,

Since modem sacienca can be marshalled for the defense as well as
the attack., thise is reason %o hope that protective weapons and tech-
niques will be improved. Even protective devices and vigilance, how-
ever, cannot be perfect guards against surprise or initial attack, or
against the unlisdted cholces of targets offered an enemy through the
range and speed of modern weapons, In our planning for the future, if
we 3ro realistic, we will prepare to minimize the destructivensss of
sv:h a%tacks, and so organize the economic and adninistrative life of
the naticn that no single or amall group of successful attacks can
paralyze the national organism. The foregoing description of the
effectiveness of the atomic bomb has shomn clearly that, desplts its
awesore rowar, 1t has linits of which wise planning will take prompt
advantage.
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Shelters

The most instructive fact at Nagasakl was the survival, even when
near ground zero, of the few hundred people who were properly placed
in the tunnel shelters, Carefully built shelters, though unoccupied,
stood up well in both cities, Without question, shelters can protect
those who get to them against anything but a direct hit, Adequate
warning will assure that a maximum number get to shelters,

Analysis of the protection of survivors within a few hundred feet
of ground zero shows that even gamma rays can be shielded apgainst,
At Hiroshima, for example, persons in a concrete bullding 3600 feet
fromground zero showed no clinical effects from gamma radiation, but
those protected only by wooden bulldings at a similar distance suffered
from radiation disease, The necessary thickness varies with the sub-
stance and with the distance from the point of detonation, Adequate
shelters can be built which will reduce substantially the casualties
from radiation,

Men arriving at Hiroshima and Nagasakl have been constantly
impressed by the shells of reinforced concrete buildings still rising
above therubble of brick and stone or the ashes of wooden buildings,
In most cases gutted by fire or stripped of partitions and interior
trim, these buildings have a double lesson for us, They show, first,
that it is possible without excessive expense to erect bulldings which
will satisfactorily protect their contents at distances of about 2000
feet or more from a bomb of the types so far employed, Construction

of such buildings would be similar to earthquake resistant construction,

which California experience indicates would cost about 10% to 15% more
than conventional construction. Even against more powerful bombs or
against near misses, such construction would diminish damage. Second,
the intemal damage illustrates the danger from interior details and
construction which result in fire or flying debris in otherwise sound
buildings, The elimination of combustible intsriors and the provision
of full-masonry partition walls, fire-resistive stair and elevator
enclosures, and fire division walls would localize fires, Avoidance
of glass, tile, or lath and plaster on wood stud would cut down damage
from flying debris, The studies of the Physical Damags Division of the
Survey support such recommendations and include many others,

The survival of sheltered sections of Nagasaki suggests forcefully
the use that can be made of irregular terrain, Uneven ground reduces
the spread and uniformity of blast effect, Terrain features such as
rivers and parks afford natural firebreaks and avenues of escape,
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Decentralilzation.

Hiroshima and lNagasaki were chosen as targets because of their
concentration of activities and population, The population density of
forty-five thousand or more per square mile of built-up area explains
in part the high casualty rate, Significant therefore is the fact
that deaths at Nagasaki, despite the greater population density, vere
only half those at Hiroshima: the difference can be assigned in the
pain to the separation of the dispersed built-up pockets at tiagasaki,
in contrast to the uniform concentration of the inhabitants in the
heart of Hiroshima. The Nagasaki bomb thus dissipated mich of its
energy against hills, water, or unoccupied areas, while the Hiroshima
bomb achieved almost optimum effect.

The fate of industries in both cities egain illustrates the value
of decentralization., All major factories in Hiroshima were on the
periphery of the city -- an escaped serious damage; at Nagasaki, plants
and dockyards at the southern end of the city were merely intact, but
those in the valley where the bomb exploded were seriously damaged.

So spread out were the industries in both cities that no single bomb
could have been significantly more effective than the two actually

dropped,

kedical faclilities, cromied into the heart of the city rgther
than evenly spread through it, were crippled or wiped out by the
explosion, Only the previous removal of some stocks of medical
supplies from Hiroshira to outlying commnities, and the bringing
in of aid, enabled the limited medical ettention of the first few
days, .

These results underline those in conventional area raids in
Germany, where frequently the heart of a city was devastated while .
peripheral industries continued to produce and where (particularly
in Hamburg) destruction of medical facilities just at the time of
greatest need hampered care of wounded,

The similar peril of American cities and the extent to which wise
zoning has diminished it differ from city to city. Though a reshaping
and partial dispersal of the national centers of activity are drastic
and difficult measures, they represent a social and military ideal
toward which very practical steps can be taken once the policy has
been laid down. In the location of plants, administrative headquarters,
and hospitals particularly, the value of decentralization is cbvious,
and can be obtained cheaply if the need is foreseen, For example,
by wise selection of dispersed sites, the present hospital bullding

program of the Veterans' Administration could be made esgh .
congestion without additional cost, ’__ |
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Reserve stocks of criticel mcteriels end of such preducts es
medicel supplies should be kept on hrnd., This principle of mein-
teining reserves epplies also to the cepitsl eculpment of the country.
Key producing orees muist not be served by # single source of power
or channel of trensportstion. Indispensesble meterisls must not come
from processing plants of berely sdecuste ceprcity. Production of
essentisl manufactured goods -- civilien and militery -- must not be
confined to a few or to geogrephicelly centralized plents, And the
verious regions of the country should be encoursged to spproszch
belenced economic dewelopment es closely #s is naturelly possible.
£n enemy viewing our nationel economy must not find bottlenecks which
use of the atomic bomb could choke off to throttle our productive

cepacity.

Civilien Defense.

Beceuse the scele of disester would be certsin to overwhelm the
locelity in which it occurs, sutuel essistance orgenized on & netionel
level is essentiel, Such notionel orgenizetion is by no meens in-
consistent with decentrelization; indeed, it will be eided by the
existence of the meximum number of nearly self-susteining regions whose
Joint support it c¢en coordinete. In eddition, highly trained mobile
units skilled in end equinped for fire-fighting, rescue work, snd
cleerence ond repeir should be treined for en emergency which disrupts
locel orgenizetion &nd ercecds its cepebility for comtrol.

Most importent, e netional civilien defense orgenizetion cen
prepere now the plens for necesssery steps in cese of crisis. Two
complementery progrems which should be worked out in edvence ere those
for evacuestion of unnecessery inhebitents from threstened urben rrees,
end for rapid erection of edecuete shelters for people who must remein.

Active Defense.

Protective meesures cen substantielly reduce the degree of
devestation from en stomic bomb end the rete of cesuelties. Yet if the
possibility of atomic stteck on us is eccepted, we must sccept-elso the
fect that no defensive messures elone cen long protect us. £t best
they cen minimize our losses and preserve the functioning of the
netionel community through initiel or continuing pertiel attack.
£geinst full and susteined ettacks they would be ineffectusl
pellietives.

As defensive wespons, atomic bombs are upgaful primarily es wernings
€8 threats of retelietion which will restrein & potentisl aggresso om
their use #s from the use of poison gas or biologicel werfare. Th
mission of ective defense, es of pessive defense, 1s thus to preve
the surprise use of the stomic bomb from being declisive. A4 wise
militery esteblishment will meke sure -- by dispereel, conceelment,
protection, end constent reediness of its forces -- that no sing1n~j_*~
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blow or series of blows from an enemy can cripple its ability to
strike back in the same way or to repel accompanying attacks from
other air, ground, or sea forces. The measures to enable this un-
relaxing state of readiness are not new; only their urgency is
increased, FParticularly is this true of the intelligence activities
on which informed decisions and timely actions depend.

The need for research is not limited to atomic energy itself, but
is equally important in propellants, datection devices, and other
techniques of countering and of delivering atomic weapons, Also
imperative is the testing of the weapon's potentialies under varying
conditions. The coming Operations Crossroads, for example, will give
valuable data for defining more precisely what is slready known about
the atomic bomb's effectiveness when air-burst; more valuable, however,
will be tests under new conditions, to provide sure information about
detonations at water level or underwater, as well as underground., While
prediction of effects under differing conditions of detonation may have
a high'degree of probability, verified knowledge is a much better basis

for military planning,

Conclusion.

One further measure of safety must accompany the others, To avoid
destruction, the surest wey is to avoid war, This was the Survey!'s
recommendation after viewing the rubble of German cities, and it holds
equally trus whather one remembers the ashes of Hiroshima or considers
the wvulnerability of American cities,

Our national policy has consistently had as one of its basic
orinciples the maintenance of peace. Based on our ideals of justice
and of peaceful development of our resources, this disinterested
policy has been reinforced by our clear lack of anything to gain from
war -- @ven in victory. No more forceful erguments for peace and for.
the international machinery of peace than the sight of the devastation
of Hiroshima and Nagasaki have ever been devised., As the developer
and exploiter of this ominous weapon, owr nation has a responsibility,
vhich no American should shirk, to lead in establishing and implement-
ing the international guarantees and controls which will prevent its
future use.
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APPENDIX

This summary report was compiled from the special studies
listed below, which contain the fully dccumented analysis of the
Survey's technlic2l experts. Inquiries concerning these reports
should be addressed to the G-~2 Section, U,S, Strategic Bombing Survey.

A,

C.

D.

E.

G.

Physical Damage Division Report on Hiroshima.

1. Object of Study

2. Summary

3. GCeneral Information

4, Description of Target

5. HE Attacks on Hiroshima

6., Description of the Atomic Bomb Attacks
7. Determination of Zero Points

8. Typical Japanese Dwellings

9., Fire:s Cause and Extent

10. Damage to Bulldings

11, Damage to Machine Tools

12, Damage to Bridges

13, Damage to Services and Utilities

1,. Damage to Stacks

15. Probable Effects on Other Targets (Tentative)
16, Photo Intelligence

Physical Damage Division Repert on Nagasaki.

1, Summary and General Information
2. Industrial Buildings

3. Public Buildings

4. Utilities

5. Machine Tools

6. Bridges and Docks

7. Fire

8. Appendices

Medical Division Report: "Effects of the Atomic Bombings
on the Public Health at Hiroshima and Nagasaki.

Urban Areas Division Reports on Hiroshima and Nagasaki,

Civilian Defense Division Reports on Japanese Civilian
Defense.

Morale Division Report: "Effecta on Morale of t tomic
Boobings of Hiroshima and Nagasaki",

Chairman's Office: "Japan's Decision to Surrender”,
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