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If we took away all the empty spaces inside the atoms of a skyscraper, it would  The simplest atom is the HY DROGEN atom whose nucleus is formed by a po-
be reduced to the size of a grain of rice, weighing tens of thousands of tons! sitively charged PROTON, around which a negatively charged electron rotates.
This model is similar to the Earth with its satellite, the Moon.

Electron
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® The scale of atomic structure made it one of
the last mysteries of science to be unraveled,
during the first half of the 20" Century.
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RADIOACTIVITY

Unstable elements known as RADIOACTIVE exist: their nucleus usually “‘explodes’” af-
ter a long time (centuries or millenia), emitting particles and radiations, and changing
into an atom of another lighter element.

In this way RADIUM, discovered by the French Pole Marie Curie, emits Alpha particles
(nuclei of Helium), Beta particles (electrons) and Gamma rays (electro-magnetic radia-
tions of the same nature as light, X rays and radio and TV waves).
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* |n 1905 Marie Sklodowska Curie (1867-1934), her husband Pierre
Cure (1859-1906), and Henri Becquerel received the Nobel Prize
for physics for their work on radioactivity, and Marie was granted

her doctorate the same year.

After Pierre was killed while crossing a street in 1906, Marie
continued with her work, and the couple received a second Nobel
Prize in 1911 for discovering two radioactive elements, radium and
polonium.



THE ATOMIC NUCLEUS

Alpha particles move rapidly: 20,000 Km per second, and were used
after the first world war to bombard the atom, following the theory
of the New Zealander Ernest Rutherford who was working at Cam-
bridge. By directing the Alpha particles towards a very thin gold leaf
and observing the scattered particles, he discovered the existence of
cm—— the atomic nucleus, a very tiny positively charged area of the atom.
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" 1906 — While working at the Cavendish laboratory at
“Cambridge University, New Zealander Ernest
Rutherford discovers that alpha particles were
deflected on passing through atoms, by measuring the
deflection inla magnetic field and allowing the particles
to iImpact photographic film. He receives the 1908
Nobel Prize in Chemistry for this discovery.



. 190?‘!-ANh|Ie working at the Swiss Patent
Offlce |n Bern Albert Elnstem publlshes

Anna/s ofPhyS/cs These mcluded 1)
e quanttm tiieory. to) explal the

19150 priotoelectric effect,

[& at/on oI mass to energy,; and 3) A special theory
uivitysSASfoUrth article on Grownian Motion

fle rétrcallv that mass and enerqy are different aspects
- Ofi tlhe Same thing.

* Einstein’s radical new theory suggests that if a nucleus

-were to be broken, the mass of the two parts would be
less than the original sum, the difference being
accounted for In the release of energy. If the atomic
nucleus could be broken apart, an enormous amount of
theoretical energy would be released.




THE MASS-ENERGY EQUIVALENCE:
EINSTEIN’S EQUATION

According to the Theory of Relativity of the German Albert Ein- |
stein, drawn up in 1905, if the mass m in a system disappears, then
energy E is created, and vice versa, energy E may ‘‘create’’ the mass
m according to the equation:

where c is the speed of light (and c? is the speed of light squared).
Since ¢ is very large (300 million metres per second) it follows that
a small quantity of material may produce a large quantity of ener-
gy. For example, from the complete destruction (annihilation) of
a gramme of material of any substance, the energy obtained is:

E=107(3-10%? joule=9-10" joule

enough to light about thousand billion 100 Watt electric light bulbs
for a second!
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Nils Bohr J. Robert
(1885-1962) Oppenheimer
(1904-67)

instein is awarded the Nobel Prize in Physics In

/ "- Nils Bohr of Denmark receives it in 1922.

Experlmental and theoretical physics Is explored by

_ many scientists working a major centers of learning in
Europe and America. One of the most famous schools is
the University of Gottingen in Germany, wWho graduates
a young American Ph.D. named J. Robert Oppenheimer
In 1927.



THE NEUTRON Basically, they had discovered that the atomic nucleus does not just

consist of protons, but also neutrons. Indeed, Helium, for exam-
ple, which has an atomic number of 2, has quadruple not double
the mass of Hydrogen, and Lithium with an atomic number of 3

In 1932, by bombarding Beryllium (nucleus of 6 protons) with Al-

pha rays, the Englishman James Chadwick discovered that it has a mass which is 6 times that of Hydrogen. The difference is due
changed into Carbon (nucleus of 8 protons), and immediately emit-
ted a particle of a mass equal to that of the proton but with a neu-
tral electrical charge. This was called a neutron.

to the mass of neutrons present.

o+Be—> C+n

Helium nucleus

1932 — The neutron is discovered by English
scientist James Chadwick, working in the
Ccavendish Laboratory at Cambridge (and
awarded a Nobel Prize in 1935). Neutrons were
electrically uncharged particles which could be
used a “missiles” to split an atom without being
deflected.

e Chaadwick’s discovery of the neutron was or
monumental significance in helping to unravel




- Discovery of HeavyaNeter

-*__{-—P o
e i‘é?z — Hareld Ureyi ol Columbia
—-W&%ﬁo_ve;m_ -
OOEN ISetepE: Trtium,
leading to the recognition of
E “heavy water”. He Is awarded
AE0E 1051) the Nobel Prize for this discovery
g in 1934. Deuterium has twice as

There are several elements which share the same atomic number but

have a different atomic mass, so that thu are located in the same po- m an y h yd ro g e n ato m S aS

sition in the periodic t e isotope comes from the Greek
words isos =equal and ). The difference in mass is due

e Ordinary water, and weighs
= 4 about 10% more than normal
water.

® Gilbert Newton Lewis (1875-
1946) at U.C. Berkeley isolated
the first sample of pure heavy

water in 1933.

Deuterium



Irene aric/ Ffedef]c/f; NI GO 1T (1 901 =54) Leo Szlard (1895-196%4) Lise Vertrer (1875~
Joliot-Cyrig e 1968) and Otto Hal
e - (1879-1968)

%938 -Hungarian physicist Leo Szilard arrives in the United States, joining Enrico
Fermi and Herbert Anderson at Columbia University on a reactor project using
heavy water as a neutron moderator.

~ Late 1938 — German physicists Otto Hahn, Lise Meitner and Frederich
Strassman discover fission during experiments. Sometime later, Hahn’s former
assistant Lisa Meitner and her nephew Otto Frisch proved that the nucleus of a
uranium atom that absorbs a neutron will split into two nearly equal parts. A chain
reaction was, therefore, possible.
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s [n 1938 German scientists Otto Halhn and Fritz
Strassiman excited the scientific world by
reporting the formation of Barium, Kripton and
two. neutrons by bombarding the heavier U235
With neutrorns.



FISSION OF URANIUM Q. . /

In 1938 the Germans Otto Hahn and Fritz Strassman discovered that ® “ R
when the Uranium atom was bombarded with neutrons, it absorbed them / P c:,a L
and split into lighter atoms like Barium. Some of their collaborators Q / i o
(Lisa Keitner, Otto Frisch) who worked in Sweden to escape racist perse- @ 3" L
cution, developed the theory further by illustrating the FISSION of Ura- L ° i \ (] P 4
nium. ol f}v,o Q Ao
What happened was that, by absorbing one neutron, the isotope 235 5 o Q Q /{‘»"' ;
of Uranium split in one of the following ways: (] vy , 4 (:}: ! . B, Y
° X
S
\ ° o —
C
U? +n —> Ba'¥+Kr* +2n ‘::7-0 0
L]
Uranium + neutron Barium + Kripton + 2 neutr. O \

U +n —> 12+ Br¥+3n
(leanthas um, Bromins) An extremely interesting fact was that energy was produced and 2-3 neu-
trons were also generated which could hit other atoms of Uranium and
produce a CHAIN REACTION.

s Therdiscovery by Hahn and Strassman conformed Einstein’s
theory that energy would be released when the atomic nucleus
gave up neutrons, which could ht other atoms of uranium and

glve rise to a chain reaction. The chain reaction made proauction
of an enormous enerqgy-releasing bomb theoretically possible, as
sketched here.




When its Alpha particle is emitted, the Radium atom falls from the atomic mass of 226
to a mass of 222 and becomes the gas Radon.

March L 39 Erederic Joliot-Curie and his assistants publish an
giiclennithe scientific journal Nature titled “Liberation of Neutrons
R IREYNcIeaisExpIosIon of Uraniuni’. They state that when
fens split a uranium atom, the reaction causes new neutrons
,.._Ztﬁ'é ew. out of the atom at hlgh speed. The authors assert that
—= they Intend to achieve such a sustained reaction in the near future
_ by preducing one neutron for each fission.

s" Szilard and Fermi made the same discovery at about the same time
at Columbia, but do not publish it, out of fear that their German
colleagues will pursue similar avenues of research.

e On April 22, 1939 Joliot publishes a second article in Nature stating
that “on average, about 3.5 neutrons were emitted by a uranium
nucleus during fission.



Y[ e On the eve of World War Il Nils. Behr

S | of Denmark, Yakoyv Fren %
oF e SRR . "Soyiet Union, andkdk heeler o
- USA publlsh papers descrlbmg the
- = ts on

EPLENIIIET: O SCMWIHERNGERIIERY/
and the Seviet Union jointly invade

—= n{:lclear chain reactions from uranium, through which

~ _enormous volumes of energy could be released, possibly as
a gigantic bomb.

s Although Roosevelt agrees to support investigative work at

Columpia University, a coherent plan of nationally-funded

research does not arise for another two years. At the end

of 1939 there was only one ounce of ordinary metallic

uranium Iin the entire United States.
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ET—'eby facilitating a chain reaction.

- -—Har_teck makes a prophetic warning about uranium fuel and the

- deuterium moderator not being mixed in a reactor chamber, but
_Separated in alternate layers to prevent an explosion.

® German officials were dubious about the production of deuterium
because one hundred thousand tons of coal would have to be

burned to supply the electrical power to produce one ton of heavy
water.



yelotrons

iQ_. Lawwrearice czi o)uiig]e l.' Versity of california,
y In 1928 and bU|It an 5” cyclotron for accelerating

Lawrence’s 277 cyclotron in 184" cyclotron built for the
December 1932 Manhattan Project in 1942



Philip Abelsor Glenn Seaborg
(1913-2004) (1912-99)

-ﬂvr“jm:m Edwin McMillan and Philip Abelson produce the first man-made

‘element (#93) Neptunium, by bombarding uranium at the University of California,

Berkeley.

In October 1940 Edwin McMillan and Glenn Seaborg at Berkeley produce the
new element by bombarding Uranium-238 with neutrons, becoming U-239. After U-
239 losses two beta particles it becomes Pu239, which they christen Plutonium. This
material showed promise of being fissionable, like the U-235 isotope of uranium.
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Water to prevent the Germans from taking them. German
- ,flrm.i.G. Farben owned 25% of the shares of Norsk Hydro.
At that time Norsk Hydro was producing about 10 kg of
heavy water each month and had amassed a stockpile of
almost 200 kg. Between March 4-10, 1940 French
agents clandestinely visit Oslo and Vemork, and take 185 kg
of heavy water in canisters to Scotland, then on to France.



The.Germans Hiple

SENEEmans invade Norway in April 1940 and
sogmeandeer the Vemork facility, initially asking them
=10 trple their production of heavy water, from 10
'*" menth to 30 kg/month.

‘Gn May 10, 1940 the Germans invade France, Belgium
and Netherlands. By May 16th the French lines were
penetrated near Sedan, and the heavy water canisters
are spirited off to England (Paris was subsequently.
occupied by the Germans on June 15th).



& _ﬁnexpé‘cted SOUIEEL0]
- PUEmETONIIE CORN00

. superintendent Edgar Sengier (1879-
1963)

SIOLE] -éﬁ_’ N 1939. He has the foresight to quietly ship 1,200 tons
= efiligh grade uranium ore to New York in 2,000 steel drums,

——

E‘Fﬁe‘.it could be sent to Belgium and confiscated by the
-~ Germans.
s Summer 1940 — Word reaches the west that the Germans have
. recovered 3,500 tons of uranium ore from Union Miniere In

Belgium, which had been mined at Katanga, in the Belgian Congo.

e After April 1940 the Germans had control of the greatest
stockpiles of raw uranium and heavy water (at Vemork, Norway).
In addition, the Germans also controlled uranium deposits In
Czechoslovakia.



CIOMICECCLON
INg from Vemork

Ocige)e guiEs 41 P Vannevar Bush briefs President Roosevelt
ariel \/Jgﬂ yesident Wallace about ongoing research by British
ZLEO)f] lrﬁ-@ ysicists, who had determined how much uranium might
==ereguired to assemble an atomic bomb. The President agreed
-..-r:r Jance American efforts with secret funds for the time being.

E‘-!“‘;Saﬂlrday December 6, 1941 — First meeting of the newly formed
- Atemic Sub- committee (called S-1) of OSRD was held In
~ “Washington, DC. The committee was charged with determining
- whether or not an atomic bomb device could be built, and if so, at
what cost. They were to report back to President Roosevelt in 6
months. Pearl Harbor was attacked the next day.

® |n the late spring of 1942 the S-1 Sub-committee reports that a
bomb might be buildable, but would cost upwards of $100
million, and could not be completed prior to July 1944.




NEEYVATATER-ASIA NEUTIRONE
MODER T@R@R THE-@E% ANE
LOMICREACION

SRIE EX a Welght of deuterium oxide (heavy
vvazer.__ erved as a slow motion mechanism,
fflgels ‘ating the speed of neutrons set free in
= c_L,ﬁ " clear reactor (atomic pile), and thereby
,.- llow the neutrons to split uranium atoms in
== a-chaln reaction to produce P-239 plutonium
- — the fissionable element that could be used
to make an atomic bomb. Plutonium
contains an additional neutron as compared
to the more stable U-238.
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S SCIENtIS
responS|bIe Tor calculatlng the efficiency of
deuterium as a neutron moderator for the German

- reactor

| '1939 German physicist Walther Bothe sails for
-__:ed States to attend a scientific meeting in

;:‘-_'?'A ong the way he meets a young lady named Ingeborg

- Moersehner, with whom he becomes romantically
involved. Upon debarkation in New York, they visit the
New York World’s Fair and San Francisco Pan Pacific
Exposition at Treasure Island.

e After his return to the University of Heidelberg, he
resumes work on the nuclear qualities of graphite as a
neutron moderator, between letters to Ingeborg.



> Welltplee Pf'n he S| (1891-1957) affair with Ingeborg

Meoarsen Jr e may have changed the course of the Second
VVQrJJ\

- Uogri ’é return to Germany he made uncharacteristic

: mcgi latical errors In calculating the potential of graphite

e
il

"*_ 'CL\. n_effectlve heutron moderator.

= These errors were not discovered for a year and a half.
= This led the Germans to pursue heavy water as their reactor
- moderator, demanding increased production at Vermork.

® These events were passed on to Allied intelligence almost
as soon as they occurred at the Vemork hydroelectric
facility in Norway, causing the Allies to believe that German
physicists were ahead In the race to develop nuclear
weapons.

—



The‘ Mans Qld_.geaet@r

IRICEERIE GErmman gover.nment agreed to pbulld a nuclear
EECLO)E £ l eJo/U PUREIYABIRIESEANCIHE
YAV YA EYREFHEISENErgfand Robert Doepel had
weaged to Construct thelr fourth attempt at an atomic reactor
PHENRhENFCeipzig laboratory, using jacketed U-238
SLrroun] cle by 140 kg of heavy water. They were trying to
COrISERLIE e werld's first chain reacting nuclear pile.

Or1 Jur. —'54 1942 Germany’s top military and scientific leaders
€ om\ ened in Berlin-Dahlem to determine priorities for war
== ploduction. Heisenberg, the country’s leading nuclear

~o) ES:’crst described the vast power stored up in an atom.

& ~Several weeks after this meeting Albert Speer briefs Adolf
- Hitler on atomic fission and the assistance his government will
render for scientific research. At this point, things were
looking up for the Germans, after all, they had the largest
cache of raw uranium in the world, and the only reliable supply
of heavy water, thought to be the only effective neutron
moderator at the time.

2
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Trie sz day that Speer briefed Hitler (June 23, 1942),
' 're EEgan program  suddenly and irrevocably goes

YR rJ’ Isenberg and Doepel had amassed atomic pile
SN their: laboeratory In Liepzig in May.

= Ihe o e ‘had almost reached critical stage when the
_J.;m:ep Jynexpectedly began to emit bubbles. Upon testing
.:* ‘Doepel found them to be hydrogen, and immediately
suspected a leak had developed between the jacketed

-: Uranium and the surrounding heavy water.

s When Doepel ordered a technician to unscrew the inlet
- so he could determine the extent of the leakage, the
sudden drop In pressure allowed a stream of hot gasses
to vent, glowing with bits of burning uranium. A flame
the1|:’_1 shot out of the opening and more uranium was set
on fire.

—
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_Tuifning Poin e
ATEmIC ArIS Race

. ; _escrlbmg the Increasing heat of the pile. The two men
Ifteropen up the pile with a chisel to reduce the buildup of
Spe at several points around the jacketed uranium. As they did
Fuae trranium; began to swell and shudder. The two exchanged
‘and decided to run for it. Just as they reached the street, the
= Eberatory exploded, showering the area with bits of burning
5‘*uranTUm The Leipzig fire department arrived on the scene shortly

-%hereafter but was unable to extinguish the fire for another two

ays!

& [his was the turning point in the “race” to develop the atomic bomb
(June 23, 1942). The Germans spent the next few years trying to get
pback to where they had been, needing to replace the lost heavy
water and enriched uranium. They never came close to actually
designing an atemic bomb, Iin part, because Heisenberg never
calculated the critical mass of U-235, believing it would exceed their
ability to manufacture.



o he Germans charge the Vemork facility with producing 5 tons
0% INCrease over pre-war production). The Vemork hydro plant
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Offthe powerhouse The SIS-Norwegian Section of British military

£ enjoys an unceasing train of reliable intelligence from Vemork, via a

| s.‘Brltlsh trained Norwegian underground agents who live and work around
merk facility. Based on this intelligence, British scientists conclude that the

s asimust be well on the way to building an atomic pile using deuterium as the

S IEUen moderator.

i

S Oct 16, 1942 — Following a successful British commando raid on the Glomfjord
~hydroelectr|c plant in northern Norway, Hitler orders all allied commandos
-~ (Whenever captured) to be turned over to the Gestapo for immediate execution,
within 24 hours of capture.

o November 19-20, 1942 — The British launch Operation Freshman, sending 46
commandoes of the Royal Engineers, First Airborne Division, into southern Norway in
two Horsa Gliders, towed by two RAF Halifax bombers. Both gliders and one
Halifax crashed in the mountains west of Vemork. 10 of the 34 commandos were
killed in the crashes, while another 7 died aboard the Halifax bomber. The 24
commanddos who survived were taken prisoner by the Germans and promptly
executed.
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: _§€ment of the VVemork electrolysis plant and planted
“plastic explosives around all 18 deuterium cells, setting
these off In a muffled explosion that destroyed 1000

pounds of heavy water. All 9 commandos evaded
capture.

e By June 1943 Norwegian intelligence reports that
damage to deuterium cells has basically been repaired
by the Germans, and heavy water production resumes.



Ericans Eom w ork.

Fommn miaied 1T eremede 104§

Amierlkansk ’f"lyangrep mot

Rjukan og Pemork i gdar. |
Hitlil er det fastslatt at 20 mennesker er drept, RJUKan on November 16, 1943

Mange hus odelagt som folge av angrepet. 8 * The raid did considerable
. : damage and killed a group of

fudoe o LN ] school children huddled in the
e town’s only bomb shelter,

TR A which took a direct hit.

® Although the bombs could not
penetrate to the lowest
galleries of the power plant
where the heavy water was
extracted and stored, it did
manage to destroy the
exposed penstocks feeding
water into the plant and
convinced the Germans that
they should relocate their
heavy water extraction
program to the Alps.

o The Amerlcan 8th Ajr Force




:_:_-:-._|_‘fl-;€=-r-‘5 TThe commando stole aboard at Mael on a Saturday
- T g ”’The ferry exploded around 11 AM Sunday morning, when
_ 174 mile from its destination at Tinnoset, on the opposite shore,
"-: where the lake was 1,300 feet deep. 26 passengers perished
whlle 27 survived, mcludlng 4 German soldiers.

~ In April 1945 the dismantled electrolysis plant from Vemork was
captured by American forces in Bavaria, together with stores of

heavy water and uranium. The Germans lacked about 700 liters
of heavy water to get their reactor started.



_ --.‘T’tlng more neutrons than it absorbed (a chain
: ~‘[E:act|on IS defined as the process wherein more
- neutrons would be emitted than were absorbed by

the uranium).

® This near successful test in the heart of New York
City had enermous impact on funding the Manhattan
Engineering Project.

=



2HE PIlETtE Were shifted from Columbia to the v JVersity or:
Ff//c:/c GAI the fall of 1942, under Enrico Fermi’s d|
diighgRcestrtction of permanent test. f
INertior)zl ..L.aboratory (20imiles outside Chicago).

EERIIS group assembled a graphlte reactor pile in the sguash
COUIES oer:“r iheUniyversity siStagg Field.. The pilewa
SOINEIISECFOIT410,000 PIOCKST Ol pUre grapnite; Welg g S00 tons.
Thigse e re stacked in 57 Iayers Into which tlny cubes of
NiEEgItmrer uranium oxide were inserted. It took workers two

]
SiIiSTa rL* for 16 days te construct the 16 feet high pile.
iillis

Trig ~'=e tests began on November 7, 1942, and by

Jege BEr 2id, the world’s first sustained chain reaction was
-€CO ded. Gontrol bars coated with cadmium were used to

= St _13! ze the pile, until the chain reaction was initiated. As the

—
—

=
—

_-:E- Fr-uum rods were withdrawn, fewer and fewer of the

= Uranium’s freed neutrons were absorbed Inducing increased

- fission. Once all the cadmium coated bars were withdrawn at

- 10537 AM, more and more neutrons were freed faster than they
could be absorbed, and a chain reaction resulted at 3:25 PM.

® The success of the crude reactor suggested that plutonium
could be produced as a byproduct of the process. Plutonium and
U-235 were the only radioactive elements thought capable of
Brodgcing very rapid chain reactions, necessary for building
ombs.

——

{0



= ,he world’s first successful nuclear reactor was

-~ constructed on a squash court beneath the bleachers

- of Stagg Field at the University of Chicago. It
Incorporated 40,000 blocks of pure graphite, weighing
500 tons, provided by Union Carbide.

® The first successful chain reaction was recorded on
December 2, 1942, six months after the German
reactor Iin Leipzig caught fire and was destroyed.
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h“‘avy water plant can quu:kly supply material for a
-hlgh power plant for producing [fissionable material]”.

* He also assumed the Germans were preceding along the
same track. Compton concluded that the Americans
would not be able to overtake the Germans unless they.
overlooked some possibilities that the Americans
recognized, or through delays caused by military
Intervention.
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ﬁelt:en neth

D. Nichols (1907-

Colonel Jam*—.
Marshall

nglneers organization responsible for developing the atomic
1S 0} |C|aIIy created on June 19, 1942 in New York City, under the

LQF\/JHJJ Englneer at Syracuse New York. The new organlzatlon

.

sl 'ed the Laboratory for the Development of Substitute Metals and

= Marshall chose 34- -yr old LCOL Kenneth D. Nichols as his deputy who was
— then working at the Pennsylvania Ordnance Works. Nichols was a 1929

~ WestPoint graduate with an MSCE from Cornell (1933) graduate study at
- the Technische Hochschule, Charlottenburg, Berlin, Germany (1934-35),
and a Ph.D. from lowa State University (1937) in hydraullcs (only the
second regular Army officer to receive a PhD In engineering).

® On August 13, 1942 the project was formally established as the Manhattan
Engineer District, which provided an effective cover because Corps
districts were named after the cities in which they were based. Unlike
other districts, the Manhattan District had no geographic boundaries. The
United States would eventually commit $2 billion to funding what became
know as the NVanhattan Project.



c 'ain’s SO
[{OVES) Jr ( 70) Wasm

Albany, NY, the seniol a career: Army
MIZE aler duing the Boxe
a1 1900, Groves We
for a c. reer Army offficer In that he possessed
IS0 urrr al education. He had attended the
Ur ISILA0I \/\ -shlngton for a year, and MIT for two
Veelr Or‘J’Jfa'-@iG ending 2-1/2 years at West Point,
vvhere fleh :éduated 4th in the Class of June 1918.
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__J_ F\Jrze-;«’-.g__r uatlon he spent the next three years attending various Army
-~ Engineer Schools at Fort Belvoir. He missed overseas duty during the First
W‘ Td"War, not promoted to Captain until 1934, then Major in 1940.

> Groves was consistently recognized in the Corps of Engineers as a capable

-~ officer and organizer, being Chief of the Operations Branch of the Corps of
Engineers Construction Division in 1940, directing $800 million of

- construction each month!

e He was tapped to head the Manhattan Engineering District to provide
more aggressive leadership on Sept 23, 1942. He knew he had accepted a
“make-or-break proposition, upon which his career and the very outcome
of the war might depend. He insisted on being promoted to Brigadier
General when he took command, and was subsequently elevated to Major
General in 1944.



The*"Gor munigt

fipathjcer

J. “@oerr Oooermé rrwr (Uo/u ) WesHserRNRINEW,
Yok City of German-Jewish immigrants in April 1904.

Oooemrmmer- ompleted a 4-year course in chemistry at Harvardin three
yeelrs,; iple] mg: ding for the famous Cavendish Physics Laboratory at
C,’/ff/Of/f/J-—’ Iy the stmmer off 1925, where he went to work for English
OIV/SICIST(Er dilater, Nobel Laureate) J.J. Thompson.

Fle ezl epted an offer from Max Born to study physics at the

DIV ersity of Gottingenin Germany, where he began working on the

! JF‘J'_[Z]':"E ptal theories of quantum mechanics with Gottingen Professor Erwin
== SEodinger, where he completed his doctorate in physics with distinction
ﬁmﬂihe Sspring of 1927.

& He returned to Harvard for short while as a research fellow, then accepted

-~ a National Research Council fellowship at the California Institute of
Jechnology in Pasadena. While in residence at Cal/ 7ech, he received 12
offers for university professorship, 10 in the USA and two from abroad.

® He decided on accepting a position at the University of California, at
Berkeley, though he continued to lecture at Cal/ 7ech each spring. At
Berkeley he began collaborating with experimentalist Ernest O. Lawrence
and gained a reputation as an adored intellectual and fascinating lecturer,
who “could charm the pants off most anyone.”
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glpenhneimer’s JUmp Startiiomes..
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Oooermﬂmer egan wWorking en nuclear fission research in the fall of
1944 rr eughiE O Lawrence. In January 1942 Arthur Compton asked
Ooow eJrrH&» Work on the new research project, asking him to become
=6 JJff//f/rl pr-of Rapid Rupture’, basically the scientist charged with
JESIgnINGlan atemic bomb — if it could be done.

2 Frig el goal was determine the critical masses of potentially

E=fissionablermaterials. In the summer of 1942, Oppenheimer convened a

== f{eamiof experts at Berkeley. That group was making impressive progress

ﬁ"Whén BGEN Dick Groves arrived at Berkeley on October 8th, as part of his

~ inaugural tour of the nation’s atomic research centers. Oppenhelmer

- singularly impressed Groves as the man who had the organizational skills
to deal with fellow scientists, while maintaining their collective respect.

- ® A week later, Oppenheimer was on a train with Groves, Nichols and
Marshall between Chicago and New York, where he outlined an ambitious
plan to bring all the scientists together in one giant cohesive think tank, a
larger version of what Gottingen had been to the physics world in the
1920s.
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- P c‘t’s Chief Scientist, even though the FBI
_%“—{Leccmmended against granting him a top secret
~security clearance.

* Groves knew the task before him was unprecedented,
and he reasoned that anyone who would freely admit
all his left wing sympathies on his initial security
guestionnaire (filled out in January 1942) was unlikely
to be a spy. His hunch proved correct.



SIERNEINER and Groves agreed that a central research facility,
SHELIE e festabllshed where scientists could gather to work out
BIENNELNOAS off constructing an atomic bomb. The big problem
E=yyeishiew. to make a sub-critical mass within a bomb container and
=~ sudt enly cause It to go critical.

=% On November 25, 1942 approval was given to acquire the Ranch
‘i = Sehool at Los Alamos New Mexico, along with about 50

-~ miscellaneous structures. The school as located about 20 miles
-porthwest of Santa Fe, surrounded by national forest. The project
are encompassed about 50,000 acres (75%b of this being in the
former national forest).

e Administration of the facility was to be under the Un/versity of
California. Everyone’s address at Los Alamos was “P.O. Box 1663,
Santa Fe, NM”. In March 1943 construction of Los Alamos
Laboratory began.
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e The massive Y-12 plant at Oak Ridge, Tennessee was
designed and built in record time by the legendary
Boston engineering firm Stone & Webster.
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- .r ﬁ"illll-l‘.‘aﬂl AIphE'tTa'CR‘é or Caluatrons at theY 12 Plant were

2]
_ :'EE“'E"H const'ructed as oval| racetracks, for separation and

| Ernest Lawrence at Berkeley Only oene U 235 atomic
I lsemis was ever manufactured.

)i _egnetlc process for separation of U-235 from U-238.
glantsiwere operated by Tennessee Eastman, a subsidiary of

-p sm’g workmen The magnets each weighed between 3,000 and
— 10,000 tons. These were wrapped with 6,000 tons of silver wire,
= .supphed by Fort Knox.

_Five “Alpha Plants” were built, each with 96 separation units in two
oval racetracks, with semi- _circular mass spectrometer tanks. All of
these could be operated iIndependently. These were dubbed the
“Caluatrons”. The resulting product was only 13 to 15%b pure, and
had to be concentrated in Beta machines, where 90%b of the U-235
was again lost. It was a slow process of enrichment, subsequently
discarded in favor of plutonium manufactured at Hanford.
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-. S 8 ‘—Djffusjnn_
e N Plant at

- Oak Ridge

.'i-'*--"f_"_“ri-'ﬁefl_(—ZS Plant at Oak Ridge. This U-shaped facility
-~ was 2,500 feet long on each side, 450 feet wide, and
60 feet high, occupying 44 acres.

® Here uranium hexafluoride (HF6 ) was forced
through 3,000 stages in a continuous cascade, to
slowly filter out the lighter U-235 atoms.



ENRICHED
IN U-235

UFE

FEED ’.'

STREAM I D . T TR | o
DEPLETED

IN U-235

B Continuous cascade, to slowly filter out the lighter U-

—

— 235 atoms. The diffusion holes were two millionths of

~_ aniAch in diameter ( using a secret and patented
Process).

® The plant did not enter operation until February 20,
1945 and the resulting U-235 only had a purity of

1.196. This material was then fed into the Y-12 plant
for final enrichment.



X=10 Grelisliiicas
= Reactor

T B
s Jhe X-10'graphite reactor at
Oak Ridge opened Nov 4, 1943
as the prototype reactor for
plutonium production at
Hanford, 11 months after the
successful reactor test at
Chicago.

* Thousands of reactor operators
 FuelLoaaing ] were trained here over the
R ensuing 20 years, until the
reactor was shut down in 1963.

* The oldest nuclear reactor In
the world, i1t iIs a National
Historic Landmark and open to

Uranium-Grapht the public at the Oak Ridge

National Laboratory.

T it Thick Concrete S hield

Ajr Exhausk

Loading Elevak



FROM URAN[UM TO PLUTONIUM
Of the two most important isotopes making up Uranium, the one

e
with the atomic mass of 235 undergoes fission more easily, but it P I u tO n I u —"él"l O
only makes up 0.7% of natural Uranium, while fission of the re- ’ ; /
maining part, Uranium 238, is much more difficult.

ly turns into Neptunium 239, which in turn is very rapidly changed c IJ E E l‘

into Plutonium 239. Unlike the two previous elements, Plutonium

However it so happens that if Uranium 238 is bombarded with neu-
is a stable transuranic element, its life span may be calculated as
more than 24,000 years, and like Uranium 2335, it also undergoes m“ : ﬂnﬂm .&

trons, it turns into Uranium 239 and this spontaneously and rapid- I tS e
fission easily.

By taking advantage of these facts it is possible to make use of all

the Uranium available using the nuclear reactor. fi SS i on ab I —
material than
U235

-_*':fThe process of transforming U238 to Pu239 was
- _explored at the X-10 reactor throughout 1944-45.

e This shoews how U238 is bombarded with neutrons,
gradually transforming it to the more stable
Plutonium; 239. These developments were
unfereseen at the outset of the Manhattan Project.
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' '* The B Reactor complex was the flrst constructed at Hanford,

~ Washington, coming on-line in September 1944. It used 2,000
tons of graphite as the moderator. Plutonium production fell to
near zero on several occasions due to build-up of Xel35 gas

* Enrico Fermi and his team had to troubleshoot these problems
and develop workable protocols to maintain output in 1945, when
plutonium was being produced for the first P239 bombs.



..... R - wiHanford.ByRlanis
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- enrichment
-ﬂﬁﬂmﬂﬂ"
1 1945,

- s located 3 miles apart, and about 5 miles from
—tr e"‘B Reactor.

. Separatlon from the enriched slugs was achieved using
bismuth phosphate, an excellent carrier of plutonium.

“® The first quantities of enriched plutonium were shipped
from Hanford at the end of January 1945. T Plant
produced the plutonium used in the Nagasaki bomb
and the subseguent atomic tests carried out at Bikini
Atoll in July 1946.



hi—
in 1944

| _-r'I"'f'Iant at Hanford was completed IN December
T,fgzlzl-as the world's first large-scale plutonium
separation facility.

e Only:about one atom In 4,000 was converted to
plutonium 1n the three Hanford production reactors, So
these atems had to be separated from the remaining
U238 and other fission products that had been created.
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IMPLOSION

~ DEVICE
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Waori« OfJﬂ_’t allly; centered around the idea of firing one piece of
'I]SSJOerIQ;J;" naterial into another, using a sort of gun barrel. This
i Enwas deemed workable for U- 235, and the details were worked

. -P‘ﬁfme portlon of the plutonium absorbs extra neutrons becomlng P-240.
_’- P=240rundergoes spontaneous fission, which might initiate a chain

- Teaction prior to reaching critical mass, leading to a premature explosion
- of slight magnitude.

e By July 1944 it was evident that the P-239 core could not be compressed
fast enough to Initiate a rapid chain reaction by the gun method. This
was particularly frustrating, because it was becoming more and more
apparent that plutonium would be the fissionable material most readily
obtainable from the various plants at Oak Ridge and Hanford.



Carn I § etwrrrdearal peelon i

_:atnujm 2235 and three U-235 target rings together into a super-
= crtical mass, initiating a nuclear chain reaction. This was
~accomplished by simply shooting one piece of the uranium into the
other by means of chemical explosives. The bomb core contained

140 pounds of U-235, of which only 1.5 pounds underwent nuclear
fission.

* No full'scale test of a gun-type nuclear weapon was carried out
prior to the “Little Boy" device being dropped on Hiroshima.



Thick Metal Collapsed Sphere
Shell

NEDDERMEYER’S
IMPLOSION
EXPERIMENTS

L'ranium or
_ Plutonium Sphere
Fxplosive Tamper

[mploded Pipe

. ._ermeyer proposed assembllng a crltlcal mass of

ﬁ=§:3;‘_=239 throeugh implosion, using concentrically-placed

C ‘explosives, surrounding a subcritical mass of

_plutenium. The idea was enthusiastically taken up by

the other scientists at Los Alamos, and Oppenheimer
ordered the creation of an implosion work group that
fall. An implosion bomb required enormous
engineering and split second timing. But, by early
August 1944 Neddermeyer’s experiments reached an
Impasse.



Ee) _eveloplng the |mpI05|on device. Klstlakowsky had

~ beenin charge of the National Defense Research
~ Council’s explosives group, working around the

country. Kistiakowsky had been visiting Los Alamos as

a consultant since January 1944, but immediately

found himself at odds with Deak Parsons. A desperate

Oppenheimer intervened, placing development of the

Implosion device outside of Deak Parsons’ control.



AST H.E. LENSES IN TWO LAYEI
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a. Fast Explosive
b. Slow Explosive
c. Detonator

d. Detonation Wave
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.,___Z:I*éi""rakowsky found himself in a do-or-die proposition. Kistiakowsky was assigned
= 600:men to help him out, 400 of which were draftees with engineering and science
~backgrounds, called “SED’S” (a military acronym for Special Engineering
- Detachment).

s Another British scientist recently attached to the implosion group was James Tuck,
who had worked previously on developing “shaped charges”, using fast and slow
exploesives. The infusion of Kistiakowsky and Tuck into the group provided the
necessary synergism for eventual success, though this group felt the greatest stress
of any invelved in the Manhattan Project.

e They ended up using 5,300 pounds of Composition B and Baritol, high grade
explosives laid out as shaped charges, capable of compressing the 11 pound
plutenium core of a bemb with split second timing.






Siell -;é::r"n-i"c pomb. They settled on the White Sands area south

e andreast of Albuguergque, and west of Alamagordo. The

'5-:@“9 Vernment purchased the taciturn McDonald Ranch.
#—’—: -

’I’heAnltlal batch of enriched plutonium was shipped to Los Alamos

~inilate January 1945, with increasing quantities coming on stream

__each month thereafter.

e By July 1945 it was decided that a sufficient supply of plutonium
was available to enable an outside test. Trial tests of the blast
moenitoring equipment were carried out on May 7, 1945, using
100 tons of TNT. This test explosion was performed about 10,000
feet south of Trinity ground zero.



s" JUmno wWas the code
name for a 214 ton steel
cylinder fabricated by
Babcock & Wilcox near
Cleveland, Ohio and
carefully transported to
White Sands, New Mexico
to contain precious

. plutonium In case the

- first atomic test was a

| dud.

- * Jumbo was suspended on
a steel frame about 800
feet from Trinity ground

W%  zero.



Cross section before Implosion

Outer Slow Explosive

Fast Explosive

.\ Implosion
Lens

Central
Cavity

Fission Core

= ly 17, 1945,
J nght. Schematic representation of how the
Implosion process was achieved using shaped
lenses of slow and fast burning explosives to

bring the plutonium core to critical mass at
the same instant.
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It ° was carried out at 5:30 AM on Monday July 17,
INgie plutonlum implosion bomb mounted atop a steel

c nflfled ground zero. There was nothing left of the supporting
'i-'*steel tower. A greenish colored glass was strewn about the crater

~floor, ‘dubbed “trinitite”.

- Windows were blown out as much as 200 miles away (to the
northwest). People up to 150 miles away reported seeing the sun
come up, then going down again. A radiation band 30 miles wide
drifted northeast at 10 mph for over 120 miles. Fermi went into
the crater area almost immediately in a Sherman tank fitted with

lead shielding.



The S&cret ;
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g_,_.» an§on and aggression. ‘This was to be the opening salvo in
f"—A:me.nca S post-war policy of containment.

s The announcement was quietly made to Stalin by Truman on July
- 19th, 16 hours after the successful detonation, but Stalin exhibited
complete ambivalence.

e | ater we learned that his network of spies had already apprised
him of the Manhattan Project, right down to the last details of the
successftul Trinity Test at White Sands on July 17th.
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F‘-’—:ffﬁe,flf V|Ilages

.- _They tried the captured fliers as war criminals in uniform, then
_ publicly executed three of them

= 40% of documented Allied POWS died in Japanese captivity,
compared with only 196 in German POW camps.

* These factors affected American thinking about strategic bombing

of Japan, carried out between late October 1944 and early August
1945.
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leaprin
technology

_'Tiology as Compared to other bombers used In
W rld War I1. The first prototype flew in August 1942.

Blgger faster, 4X bomb load, 2X the effective combat
range of any other bomber in production during World

War Il. It was also the first combat aircraft to have
pressurized cabins.



‘¢ Enormous armadas of B-29 Superfortress bombers equipped with

-~ incendiary bombs wrecked havoc on the Japanese home islands
during 1944-45. These aircraft employed pressurized cabins and
turbo superchargers for their engines, allowing them to fly
missions up to 34,000 feet altitude, well above Japanese
interceptors. They carried four times the bomb load of the B-17
or B-24 heavy bombers used against Germany.



s PAGIFIC BASESEOR
KOv 4. I. I- . — AMER‘.I(/!A‘N
BOMEERS,

¥ B Jioew The Maranna Islands were

: il invaded in the summer of 1944
| ¢ to provide air bases on Saipan,
L. 5 U 7 cao W Tinian and Guam within combat
& il 529 BASE range of B-29s, 1,700 to 2,200

3 : FOR ATOM BOVIB
7 W ATTACKS

e miles from most Japanese cities.

E’- Bases in the Marianna Islands allowed long ranging B-
-~ 29 bombers to strike 7026 of the Japanese home
Islands, where most of their industrial base was
located.

* Many critical war industries were moved to the Korean
Peninsula, including the Japanese heavy water
production plants near the Manchurian border.

#
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.—,a.;iff\:ilﬂﬁ at fimran had four great runways, 8,500 feet long, and
_S[IeK :ed 250 hard stands. North Field was the largest airdrome
= constructed during World War Il. The atomic missions were flown
~_firom-this base, with the 509th Group occupying the area at
extreme left in this image.

== Mission proefiles averaged 18 hours In the air, round trip,
necessitating an extra day of crew rest. Most aircrews could not
fly combat missions less than 2 or 3 days apart.

e B-29 raids against Japan staged from the Mariannas commenced In
late October 1944. The first B-29 raid against Tokyo was launched
on Nov. 17, 1944,




-\ .rfj}éily every city in Japan with more than 35,000
| -péﬁple was destroyed in area-wide bombing by B-29s
_petween November 1944 and July 1945. The tactics
were changed in early March 1945, when incendiary
bombs were dropped on Tokyo. The aircraft were
strung out at altitudes between 6,000 and 8,000 feet.



= Tokyo each carrying 7 tons of mcendlarles The raid

_ destroyed 16 sguare miles of Tokyo and killed
upwards of 115,000 Japanese In a single “fire raid”.

® More people were killed in single fire raids on Tokyo
and Osaka than in either of the atomic bomb attacks
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MONTHLY INDEXES OF AIRCRAFT
PRODUCTION
Average for 1941=100
AIRFRAME WEIGHT AND NUMBERS
OF AIRCRAFT
Jan. 1941—July 1945

o1 Destiuetion

CUMULATIVE TOTAL
EFFECTIVE B-29 SORTIES -TO DATE
TWENTIETH AIR FORCE - ACTUAL TO DATE I

TWENTIETH AIR FORCE PLUS EIGHTH AIR
FORCE - POTENTIAL

End of the War 29,150 "

 US ARMY STRATEGIC
AIR FORCES
=PACIFIC

SORTIES — CUMULATIVE TO DATE

nnnnn

ACTUAL _,|. POTENTIAL

\
20th AIR FORCE | 20th AIR FORCE
| Plus 8th AIR FORCE

June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept Oct Nov

By war's end 3,895 B-29s had been built, accounting
for 29,150 combat missions against Japan.

® The Japanese ceased resisting American bombers with
defensive fighters on July 1, 1945, hoarding these for
the use as Kamikazes in the anticipated invasion of
the Japanese home islands in the fall of 1945.
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, :-.._g ‘missions of the war flying a B-17 named the

—

o) € .rem//n from bases in England and North Africa

| _;m May 1943 he became the Air Corps Chief Test Pilot
-~ ferthe troubled B-29 flight test program, amassing
“more hours Iin B-29s than another other person by
mid-1944.

* |In September 1944 LCOL Tibbets was selected to
command a special Army Air Corps unit charged with
droepping 10,000 Ib bombs from specially configured
B-29s.



el

—\/E :.Uver Utah on December 17, 1944. 1t consisted of
~ 1,800 men, split into the 393rd Bomb Squadron (taken from
~ the 504th BG) 320th Troop Carrier Sgn., 390th Air Service
Group, 603rd Air Engineering Sgn., 1027th Air Material Sgn.
and the 1st Ordnance Sgn.

e At the Core of the original unit were 15 B-29 Superfortress
bombers, under command of LCOL Tom Classen (who
subsequently became Deputy Group C.O.) which arrived In
November 1944.

=



* The groupndervent

extensi Tallplef 2
N e, Utah,
Where they practiced
R drepping  cenecrete-
ilied 8,000 peund
“pPumpkin bomids
within an area 400
feet Iin diameter from
an altitude of 30,000
feet (a miss of no
more than 200 feet
was allowed).

* They recelved about
200 of these dummy
bombs to practice
with.




- Fter ;perlmentlng with removing the gun turrets at a rework

= ﬂfﬂty Tibbets ordered specially-built B-29Bs from the Glen L.

: _-I\/Iart-rrr factory in Omaha, who was building the bomber under
license.

s The new craft were built without defensive turrets to save 7000
Ibs.; pneumatically operated bomb bay doors; Curtis Electric
hydromatlc propellers (capable of reversing on landing); and fuel
Injection for the engines. They were the only B-29s with Curtis
Electric props to see combat. They were delivered via Offutt AFB. In
March and April 1945.



)

ﬁﬂmﬁ’ bcmbs iIN3to5 plane elements to Marcus Island, Truk, Rota, and

—  Guguan Islands. After these practice flights, they were aSS|gned 14

- - pinpoint targets in Japan (Otso, Taira, Fukashima, Nagaoka, Toyama and
Tokyo)..

-~ s They dropped their familiar orange-colored “pumpkins”, using the steel
shell of a “fat man” plutonium bomb, but filled with explosive torpex.

® They began these missions on July 21st, in groups of 8 to 10 aircraft. On
July 29th the 509th flew their last “practice” missions to Japan, hitting
targets in Keriyama, Osaka, Kobe, Shimoda, Ube, Nagoya, Wakayama and
Hitachi. In all the 509th flew 51 bombing sorties in 16 missions dropping
torpex filled “pumpkins’.



Tall Cedes
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Shortly belore the atomic
missions, COL Tibbets decided
\ J\ Wtoralterthe B=29's tail codes

cun ‘ Baan. o = v pecause they had been
PN S L T noticed and singled out in
WRR S ———— several radio broadcasts by
Tokyo Rose. The Japanese
knew the 509th were at North
Field, but not what their
mission was.

= e

=
* The tail codes were altered over the weekend of August 4-5 to
represent four different bomb groups operating in the Marianna
Islands (four with Circle R; four with Triangle N; three with Sqguare
P; and four with an un-bordered A). The circled arrows were
repainted on 509th aircraft after the cessation of hostilities. No
alrcraft names were carried on any of the 509th’s B-29s during the

atomic missions, with the exception of the Enola Gay.



Tangetyeii es..

* VIGENI Groves Selected four

otentiall target cities In
'E)mmmkﬁn ofr
the B-29 target lists, and

thereby spared for the time
being. The purpose of this was

e to provide a more reliable
Indicator of how effective
Philippine Sea each atomic blast might be, If
and when such attacks

occurred.

s Jihefiour cities were: Kokura, Niigata, Hiroshima and
Nagasaki (Kyoto had been on the original list, but was
removed). All contained “legitimate” military targets, such

as heavy industries or railroads.



J_J_;;gi .L-:the 4.5 million leaflets dropped by 21st Bomber
== ‘command on Hiroshima, Nagasaki, and 33 other
—Japanese cities on 1 August 1945.

- _The Japanese text on the reverse side of the leaflet

- carried the following warning: “Read this carefully as
It may save your life or the life of a relative or friend.
In the next few days, some or all of the cities nhamed

on the reverse side will be destroyed by American
bombs.”







e —

—1NC ﬂ'déd Japitt I/ bound for Nagasaki; Stra/ght Flush to
5h":'--»~_'I—1rrc73h|ma and Full House was sent to Kokura.

= Colonel Tibbets was given aircraft Victor 82 to fly the mission,
~which he named the “Enola Gay,” after his mother. Tibbets had a
Circle R tail code, simulating 6th BG 313th Bomb Wing aircraft,
also based on Tinian’s North Field.

® The Enola Gay would carry the U-235 bomb, dubbed “L/ttle Boy”.
The bomb was 10 feet long, 28 inches in diameter and weighed
almost 9,700 pounds.
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Photo Courtesy - Harold Agnew

/" tific Observerg - Project Alberta - Tinian Is|file 1945 i-PrOjeCt Albel’ta?__

scientific observe
on Tinian. Alvarez

only persen | . £Y
(Lo) efiirst
three atormic= == '

¥ Nagasaki, fifrom
4 orbiting B-29s.

--- She’v’vas followed by the mstrument aircraft 7he Great Artisteon
'ﬁunway B, piloted by MAJ Sweeney, which included Project
= Alberta scientists Luis Alvarez, Lawrence Johnson and Harold
AgNEWw.

* Bringing up the rear on Runway C was the photographic plane,
Necessary Evil, piloted by CAPT George Marquardt. The three
aircraft were spaced about 2 minutes apart.
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ng e Rran Navy: CAPT Deak Parsens became
gly/concerned about the safety of the bomb in flight. On
' svening August 4th four B-29s crashed while

. Parsons resurrected a 2-month old plan by his assistant LCDR

=~ Birch, which used a “double plug” system of arming the bomb in
the bomb bay, after takeoff. Parsons practiced the procedure all
day long, In preparation for takeoff. Enola Gay began the 7+ hour
trip to Japan at an altitude of 4,700 feet until the bomb was
armed, because the bomb bay was unpressurized. Parsons and
his assistant LT Morris Jepson managed to arm the bomb 25
minutes after takeoff.



5‘ p-to the rendezvous above Iwo Jima cruising at a

= ﬁ’peed of 250 mph at an altitude of 9,300 feet.

e The accompanying aircraft were each two minutes
behind. The three plane echelon gathered at 6 AM and
departed Iwo at 6:07 AM, and began the long climb to
30,000 feet.
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o HireshiiErand an
W O tlicle cle e s
‘& adeadly cargo

] ..}“07 AM lecal time, triggering an air raid alarm warning at
le cleared the area by 7:31, and the alarm was terminated.

4ea'r.sk|es (using an encrypted code). At this time the £nola Gay
and her escorts were about 40 minutes from the Japanese coast,
~ Inbeund at a speed of 328 mph.

= The three plane element split up, with the photographic plane
hanging back, while Enola Gay and Great Artiste drove on to the
target, with just 30 feet separating their wingtips. £Enola Gay
dropped her deadly cargo at 9:15 AM (8:15 AM local time). At the
same Instant Great Artiste dropped instruments to record heat,
blast and radiation, which deployed parachutes at 14,000 feet
(these were seen by many of Hiroshima’s survivors).



e Because of the low lying
topography, the blastienergy.
was able te ) SWeepiover a ojfcziel

wiivaalll  alrea.

s The bomb killed everyene within
sk eirgreund zere, destreying
neUSEs up to 2.6 km away, and

Inflicting severe skin burns on

people up to 3.9 km away. All

structures within 2 km were

Incinerated by the fire that

followed.

* Flash burns were recorded up to
3.9 km away (2-1/2 miles). .
Five hours later, a 20th AF F-13
reconnaissance aircraft was
dispatched to record the
devastation. Aerial photos
revealed that 4.7 square miles of

o Hiroshima was destroyed, about

3 68.5%6 of the city.
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Before and after
Images of
Hiroshima attest to
utter destruction of
the Little Boy
atomic bomb.

The bomb
detonated at an
altitude of 1740
feet on a precise
trajectory, within 7
feet of the primary.
aiming point on the
Aiol Bridge (a 500
foot ground
separation because
of the parabolic
trajectory).
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gpPacts on HIiros —

-l _
-JOOmlles fromiTinian; leoshlma capltal o) f
J]rQSthr el orereuure IsthesChlgekurregion Girdapam:
-] L /as Japan’s 7th largest city, with a pre-war
Jﬁ of 380,000 people. About 240,000 were
g rfp re in early August 1945.

: ne, 71,379 were listed as dead or missing,
'__*..,_. ~023 |njured The Japanese government has
llitored post-event deaths believed to be related to
- =“i acts of radiation (which assume all forms of cancer
- -are- Ilkely attributable to radiation exposure), and the
- final toll was officially set at 118,661 killed with
30,524 severely injured. The Hiroshima Commercial
Display Building (about 800 feet from Ground Zero)
was retained In its damaged condition as a mute
monument to the attack’s ferocity.
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=CC m:; near Berlin. 16 hours after the Hiroshima
& exploesion, Truman announced via radio (from the
= "‘ﬂugusta) that the United States had dropped a new

e

-~ _atemic bomb on Japan, and called for the Japanese to
~_ capitulate, or face prompt and certain annihilation.

e Armed Forces Radio Immediately began broadcasting
to the Japanese mainland the fact that an atomic
pomb was used to destroy Hiroshima and that more
would soon follow If Japan refused to capitulate.



'Giraud, Roosevelt, DeGaulle, and
Churchill at the Casablanca Conference
In January 1943

'o"'sevelt had pledged to demand the unconditional
of all'Axis forces at the Casablanca Conference between
\, Great Britain, and free France in January 1943.

?Ugust 7th and 8th, 21st Bomber Command dropped 4-1/2
_4____“'r'ﬁ4|11on leaflets on major Japanese cities, bluntly informing the
= Japanese as to the destructive power of atomic bombs and
enceuraging them to inquire about what had occurred at

- Hiroshima.

e |t implored the Japanese people to besiege their Emperor to end
the war, and accept the 13 consequences of an honorable
surrender.
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Jorg v/J 'r
woulld) e i _ @d with four sets of redundant fuses, mcludlng barometric,
'FJHJFJ =f.Fadar.

= B Little Bey U235 bomb, Fat Man could not be armed after
._-r_::-_';,_a'_}.'f_:" Bl it a0l to be carried “live.” The second atomic mission was
~ Ca g’ae,d out on Thursday August 9th, 1945.

= Vgjor Charles Sweeney was selected to lead the mission. Sweeney’s
regular alrcraft was 7he Great Artiste, which remained filled with
~ monitering equipment used on the Hiroshima mission, so he selected
Bock’s Car, normally commanded by Capt. Fred Bock, while Bock’s crew
flew. The Great Artiste as the instrument plane.

®  The other aircraft was to be the photographic plane, piloted by LCOL
James T. Hopkins (in Big Stink). The senior officer aboard was Navy
Commander Frederick L. Ashworth, the bomb armorer (who had
extensive combat experience), but Sweeney was the aircraft commander.




“ﬂ

rmssum 2= Sf. before take off Sweeney discovered that the fuel pump
rLE[clLJ’J _-fhe 640-gallon auxnlary tank in the aft bomb bay of Bock’s

Sch dmed for a 2:30 AM takeoff Sweeney lost preC|ous time trying to

e etlﬁe whether to scrub the mission, eventually asking Col. Tibbets to

— make the call. Tibbets suggested going ahead, but warned of not wasting
fuel by circling at the rendezvous.

- Bock’s Car finally took off at 3 AM. She was carrying 7,000 gallons of gas,
of which 6,400 would be accessible. The three plane element was
diverted to a rendezvous point at Yakushima (off the southern coast of
Kyushu) because a typhoon was threatening Iwo Jima. Bock’s Car had to
transit to Yakushima at 17,000 feet (instead of 8,000) to stay above the
rough weather, and this expended additional fuel.



W e Great Artiste rendezvoused at 30,000 feet over
at 7:45 AM, but there was no sign of Hopkin’s

IGiplane. CDR Ashworth encouraged Sweeney to

Mg}, so that valuable data would be recorded.

pent 45 minutes circling, waiting for Hopkins to appear,
8 ver did. He was burning up about 500 gallons per hour

FL_n_-r..etjnstead of the prescribed 31,000).

~ s At this juncture both weather reconnaissance aircraft reported
- scattered clouds (2096 cover) over Kokura and Nagasaki.

~ Sweeney decided to press on for Kokura, attempting three bomb
runs, without gaining visual recognition requwed for bomb release.
In part, Kokura was obscured by smoke generated from B-29 raids
on nearby Yawata the previous evening. After 55 minutes of
frustration and dangerously low on fuel, Sweeney was forced to
head for the divert target, Nagasaki.



':.-Tbnger had sufficient fuel to even reach Okinawa.
Jntered 9/10th cloud cover over the city, well above the

o e i i

=20%0 Ci e_ reported several hours earlier.

'_;_,:,.w ﬂey decided they would have to drop the bomb using radar
mgyj_gatlgn desplte the “visual-only” policy that had been

- demanded by mission planners. On the way in to the Initial Point
Sweeney asked for CDR Ashworth’s concurrence, but never got it.
They opened their bomb bay doors 30 seconds before the radar
drop. At 25 seconds till drop bombardier Kermit Beahan found a
small epening in clouds, between two large Mitsubishi armaments
plants along the Urakami River and the bomb was released at

11:01 AM local time.



- ____
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e The bomb exploded
almost 1-1/2 miles
wide (upstream) of the
Intended target, at an
altitude of 1,890 feet,
but obliterated the
heavy industries along
the Urakami River,
sparing most of the
residential district.



R

With only 300:@ ccessiw
L remaining, r(withy Great,
“Artistein trail) made haste for the
irfield, at Yontan on Okinawa,
lesraway. ere was
theoretically insufficient fuel to travel
more than about 250 miles.

me/ v\L;" (0] have to dltch the aircraft somewhere 70 to 100 miles
Shentefi@kinawa. Flight engineer (Fred Kuharek) was able to transfer
_.'_fue-J-z”" the 640-gallon auxiliary tank with the errant pump, but at a

Warate

Eﬁey reduced his fuel consumption by turning the engine rpom’s down
10 1600 rpm (well below the recommended cruise setting of 2000 rpm)
~and* flylng on the step”, a technique developed by COL Tibbets. “Step
‘ﬂylng” involved taking the plane into gradual descent without increasing
engine power, thereby gaining airspeed without using additional fuel. In
this way, the low power settings were supplemented, thereby conserving
fuel. The method could only be used in a downward flight profile.

e On the way to Okinawa, Sweeney’s crew tried raising Air-Sea rescue and
Yontan Airfield tower, but neither responded (four B-29s had been
launched as “dumbo™ aircraft in case of a ditching, but had flown back to
Tinian because it was believed Sweeney had aborted the mission, since
Hopkins couldn’t find him).

Il-"'



B ' Unable to raise Yontan Tower by radie, Beck's
Car fired 22 emergency flares tolget the fieldrs
attention. She lost No 4 IREe on appreacH™
andinsthe midpornit ‘of the runway at 140
mph (Instead off 110 mph), lesing pewer to the

| E% Eﬂgmﬁ ﬁq!;ouchdown Ihepilots hit the -

rakes nard ter PG the mammaoth arrcralt to
a halt at the far end of the runway, when the
No. 2 engine also quit!

_ {an |nsuff|C|ent amount to have kept the aircraft flying for

as"—-ﬁ?"ﬂ’ler approach) It was one of the closest calls of any bomber

,___, Smission: in\World War 1. Yontan was headquarters for the newly

= transferred 8th Air Force, under LGEN Jimmy Doolittle. MAJ

Sweeney was debriefed by Doolittle, who had flown the first
mission against Japan on April 18, 1942. After towing Bock’s Car
to the fueling stand and re-fueling the plane, Sweeney rejoined
his crew for the 5 hour flight back to Tinilan. Bock’s Carlanded on
Runway A at Tinian at 10:39 PM local time, and taxied into her
hard stand 40 minutes later, without the fanfare or reception
accorded Enola Gay’s triumphant return a few days previous.



e At that time Nagasaki had a population
oifapproximately 212,000 peeple. e
City was spread out alengithe Uralkami
River Valley, and sedtwoof .
Mirtsubishirsy2ar: mwartime
manufacturing plants, including the
vast steel andrarmament Works.

he plutenium hemib exploded at an
LBES0NEED, WIthin 2000 feet

ofithe steelland armament works. It
released 22,000 tons of TNT blast
energy, almost double that of the
Hiroshima bomb. The bomb’s blast
leveled an area roughly 2.3 x 1.9 miles
in size, destroying 38%6 of the City
(1.45 mi2 of the 3.86mi2 area). The
damage tapered off about 9,000 feet
from ground zero.

e Many parts of Nagasaki were protected
by a series of low ridges, in particular
the residential downtown area. The
first undamaged buildings were noted
about 4.6 km from ground zero.

e According to official statistics kept at
the time, 25,680 were Killed or missing,
with 23,345 injured. Post-war statistics
maintained by the Japanese list 73,884
deaths attributed to the bomb, with
74,900 injured. These include all post-
war deaths from cancer, of any type.
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'the 5-1/2 million special leaflets dropped on
= Japan on August 14, 1945, announcing Japanese
~ peace overtures through the Swiss Embassy and the
- American’s reply. It urged the Japanese people to
encourage their leaders to cease hostilities to avoid
unnecessary bloodshed. These revelations were an

enormous embarrassment to the Suzuki government.



Emperor Hirehito Togo Shigenori

ﬁa?declarmg war on Japan. At 11 AM Bock’s Car dropped a second atomic
device-on Nagasaki.

°In Tokyo it was a day of nonstop conferences. The Supreme War Council
was convened by Foreign Minister Togo Shigenori and by the afternoon
Premier Suzuki Kantaro acceded to the previously unthinkable, stating “Let
us, the present Cabinet, take the responsibility of seeing the country
through the termination of the war". The Emperor had his longest working
day of the war. The War Council had only one concern left, the
preservation of the national polity - the Throne.



s Jihe next day themereign ministryzissued a note to the Americans

bhireligh the Swiss consulate asking for peace, and . heping
eREVERseRether atemic blast. —
AENAV I the following day{l}ugust 11th) the'Soviet Army: struck

QLIE ElGfo)s the Manchurian firentier. Later that day the Americans
EesPonded o the Japanese peace overture by demanding they
QlJQJJgJ/ e P tiE eSOl HEYPotsoam Declarator WA
icitjclgleligle wording “Unconditional surrender.”

Conrwrr e ‘about preservation of the Emperor, the Japanese
sEIIIET ST lled;, again mired in a vicious internal fight. The
ANHERCal pped the scales by dropping a record 5-1/2 million
JesnrJei 26N the 13th spelling out the Japanese surrender overtures
o) rr 2ISWiss embassy and the American reply.

SSEIIS exposed the cabinet's actions, and the Emperor was obliged

_.*—,.?--*Fﬁ htercede; calling his people to Iay down their arms and accept

: = Unconditional surrender during a noontime radio broadcast on

-~ TOesday August 14th, heard clearly by the allies. It was the first
tlrge the Japanese people ever heard their Emperor’s voice over
radio.

* The Japanese pronouncement came just 194 hours after the
Hiroshima drop. Regardless of one’s political views, it’s difficult
to separate the atomic bombs from the Emperor’s sudden decision
to Iintervene In the war and accept an unconditional surrender.

-|l"|""'r
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= "Wal’-VVJth the Unlted States.

= E'mperor Hirohito (middle) made his first radio broadcast on

- August 14th calling for unconditional surrender was the first time
Japanese soldiers or civilians ever heard his voice.

* Right: Post-war occupation commander General MacArthur and
Emperor Hirohito, in early 1946. The Japanese wartime leadership
never imagined that the National Polity would be preserved when
the Americans conquered their country.



- » e
X -b'
SUIrprise £ i
> Two riteleElr el flezlels hlzle) sticleler ' —
cisoSlISHEC PEACE TRFa SPanreff e Week and a day. 1o these
Widle vverd, there and! lived through those toilsome hours of
20ENIZANGINoW to endiit, the connection between the events
WEISIZISESOIIEIAS an arc weld. The Japanese leadership, for
thalr gzife > had reacted as the Americans had hoped, and
fiL Jffl—*f.‘@ JInternal memos attest to their belief that the
_AngEler ans hiad a sizable stockpile of nuclear bombs, and
'i.-'.;.ﬂﬂ* scertain and complete annihilation would ensue unless
= E’y*acted quickly.
=2 -It was one of the few times where American efforts to
~ Goerce a particular Japanese reaction were so successful.
TThe American bombing campaign had continued nonstop
threugh August 14th, when 828 B-29s were launched
against targets at Hikari, Kumagaya, Isezaki and

Tasuchizakiminato, while the 509th was even dispatched to
drop seven of their 4-ton pumpkins.
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