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Bection 5,3

Shorter screws could be used for detonator leafl springs,
( Schaffer)

®weshers needed for infermers. {(CGrelsen)
Cable lesrzths too short? (Hornig)

Headless screws %o protect screw noles (not necessary with
Scgotch wrap).

Need good cover for HE pole whils turning over, (Schaffer)

Need proper clevis for attachlingz tongs to main holst.
(Henderson)

Need better method of getiing up tent and secziring° (Henderpon)

Upper platform should be tested with concrete welght.
(Oppenhelimer)

I% will not be nosgsible to permli any personnsl on the aeeémbly
platforms other than those ze tually engaged 1in assemb'v operations.
Hovever, personnel may cbeserve the operations from beyond The roped
off area, and may linspect the assembTy et times as noted ln the

asbove operations list.

Dlsgtribution: J.R,0Oppenhelmer - N. Ramsey
F. Oppenhelmer XK. T.Balnbridge
G.B.Kiatiekowshky Lt.Comdr.Keiller
Major Ackerman X, Greisen
R. V.Henderson D.Hormlg
R. 5, Warner H.Linechits
Lt, Scha?fer (&) R, W.Carleon .
A, B.BRachen John willliams
Morrigon B, Rossl
Hollowaj R, Willson
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' Kagee and Hirschfelder, Volume 7 Chepter 4 Los Alamos Technical Series,

. 6.2 NEUTRONS
8,2=1 Fast Prompt Neutrons

The cross section for the sulphur (n,p) reactlon is elmost a gtep function, '

rising from - O to 002 barn st $ Mev, This reaction presemts sn excsllemt
method for measuring the radial distribution of fast, prompt neutrons ebove
3 }sv in energy, Delayed neutrons all have energies sbout 0,6 ¥ev and thus

(5)

- do not intereferé'q- Cne measurement was made by ‘«'5, Klema &t Trinity end e

o - -
" B, Klema, LA 361

)

great many were made by Limenburger and Ogle(s) at Bikini,

(6) :
Linenburger and Ople, B Division Report,

The expserimsntal results are all.givan,in Figure 2, The ordinate is
distance squared timcs activity of semple (ir arbitrery units) end the
abscizsa is distenég, Elema's Trinity point is only corrected for the

diffarence in ixffnospherie density, since most of the scattering is doms by

nitrogen, and the humidity doesn't matter,

Figure 2 ig difficult to understend, If the avorsge ncutron of the
kigh energy group ware degradad belovr Yev on its first collisiomn, the.
curve would be a straight line, its intercept at R=0 giving the number of
}_nlgh ersrgy neutrons penetreting the boeb mt&rials, The experimsntal curve

has such great curvature that it would sesm to mean thet the average noutror

of this group must be scsttered a great meuy times (six or more.) (7) bsfore beipg

k¢

Hirschfelder and lagee, B Division Report,
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degraded bslow 3. ey, - At present this result is not explaimed.

The absolute number of fast n&irbrbns i-epi'e'sentéd by Kleme's Trinity point
' 15 6,6 x 10°} neutrons t.hrol':gh the sphere et 200 mevers distence. It is. ’
impossible to make a thoorétical estimate of the nu.mber' of r::;;i; neutrons per
fission which should penetrate the bomb, so an estimats of the efficiency
cannot be made from these data, |

6,22 Slow RNeutrons=Space and Time Relations

Slow peutrons coms from two sources: (8,9) (1) Prompt neutrons which are

CH

V. Weisskopf, LAES 218

€I o
V :Weisskopf, LAMS 260 and LAMS 250A

B O Y

first slowed down in the high explosive to ebout 300 ev and then discharged
snto the air sbout 30 to 50 microseconds after the nuclear explosion, These

have an average peostration of about 280 moters in sir before being absorbcd

A} a7

2
es . epi-'bhermals by nitrogen f.6., the avare:re value of r 13 (280)2)
' .
(2 Delayed neutrons which are emitited from _fiasion products.,‘ The half lives

of these neutron emitters ie the order of a second or so, These neutrons have

&n smergy of about 0.6 Yev and thus have farther penetration, about 450 moters,

The total flux of slow neutrons per unit logrithmic ensrgy interwsl as a

(10)

- function of distance was msnsured by I, Klema st Trinity using activation

(g -
E, Klems, LA 362

of cadmivm covered gold foils, Fis results are given im Figure 3, The slow

(D)

noutron intensity=timec relation was measured by Bleir, Frisch and Richerds

(11) , -
Blair, Frisch ard Richerds, LA 367
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at one 600 metier stat*on Ls1ng & cellophane "catcher camera”, Their results

ere. shown in Figure 4,
Figure J, shows the space and tims discriminmation egainst the first group

of neutrons which was expected et 600 meters, Ouly 20 psr cent of the total .

number ere from the prouwpt nsutrons, and their contribution is neg}.igible‘.

after 0.6 secomd, iccording te expsctation, howsver, the pronmpt noutrons

should have lasted ornly about 0.5 sscond, This discrenancy is not understood

at present,

The increese in intensity at C.6 second is due to the arrival of the shock

wave at 800 meters, The deviation of the observed curve Prom the "expected"

in the region 0.6 to 3.5 ssconds must be associsted with air motionm, but =

deteiledsexplanation has not been made,

. Due to the presenceé of the ground and the tenuous ball oi‘ five, it is 00 .
ka:wﬂﬁﬁ\ -
i du“i‘:teul‘L to make absclute calculistions of nautron intensities,/ )‘z btz

/
i

| A model experimemt (12

~

(12)

Bleir, Friseh end Richards, LA 367

however, did demonsirsve that the grommd awnd bLall of fire «ff'ects almost cancel,

Calculaetions on the grousd sffect mpnd nsutron intensities in the air ae

& function of time have been made by Farshak et sl (13,14) o

$2 N
Bslliman and Xarshak, LA 257

(14)
Yarshak, LA 368
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6,3-1 Radisl Distribution of Total -Radiation

The total gama radiatmn at a numbor oi‘ positions wes m.aaaured by

(15) '

E. Segro et el uging X-ray film snd papero Their .results are given '

15 -
B, Segyeo et 21, LA 432

in the following table,
Teble 6, 3-1

Totel Redistion in Roetgens

400 mS 600 S 760 mS 10C0 mS 600 mN - 800 mW

0 cm pb ‘ 15000 2100
300c 300
0,96 cm pb 4000 2100 920 ¥ 90 : 1400 ¥ 140
’ . + .
© Z10m0 =500
1.9 om pb 19000 1600 isoo 820 * 80 © 12000 inoe .’:' 150
‘ ~8000 £ 200 H130 22500
3.8 cu pb 3200 1100 650570 380G * 60 2600 510 % 60
5,7 om pb 1900 360550 200 £ 30 1150 380 & 50
4 + _
_500 . . ‘.100

In this tsble 4200 mS meoans 400 msters couth, ete, Several different thick-
nesses of load shielding were used at eech station,

".'-.'eisskopf(ls) has pointsd out ths diffic_ulties in interpreting these

(1o}
V., Weisskopf, LAMS 351

results, Im soms ceges the vnluea (for the same chielding) mult;pliod by the
distunce gguered inerecse with dxstance, uhereas there should be exponential
attsnuation, In some ceses the sbsorpticn cosfficient in lead seems to be ag

"). . .
Lot

] a A - 3
small ec ¢.1 e . the cmallask coefficlent for leed et any gamma ray energy
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ig 0,45 om .

Fortunately, a more extonsi'm set of masuremnts using {ilm was obtained

(179

st the Bikini air burst test (test "Able™ end these zre a?e.iluble., Since

(17
The measurements were made by Dr, Dessaver and lNr, Rouving of the
Radiological Selsty Section. The writer is imdebted to Ur, Rouvina

for ths rssgults,

.ths two bombs were found by redio chemical mean§ to be identical, a direct
comparison can be made, Ths experimental points aré plotteé in Figure 5, The
ord inate givea distancse squared (yards) times Roentgess and tiw ebscissa is’
distance in yard_s. The film wes not covered with sbsorbing materiel as had
beer dons et Trinity, Varying degree of shielding presumably sccowta for
most of the scéttering of points since the films wsere placed &ll over the shipe
end hed verious and unknown thickneeses of iron between them and the / ray
source, This beinr the cese, one should expect that et e pertcicular distence
ths unshiclded radiation intensity is given by the hip_:hesi:. reading, One should
1ike to have asymp‘cotioally an erpression of the form:

D?R « Const, ewD/q
¥here D = distancs, R = Roen‘c-ge:n end T} ==mesns free im"chc

The strai_.g!;t. lins drewn in the figurs gives what we shall u&-\.l en
"exporimuntal™ ourwe for un_shield_ed radiation intensitiecs st large d.is‘cances,
The poimt at 3500 'yards which iz far ebove the lins was taken from a ship
-which suffered firs damsge ardl so the film waz prebably ruimsd by hest,

Thﬂ two unshisldod Trimity film results (see tho table above) are also
p?,attad, They ere indicated by the capital. 1e%-ter “T*, In plotting these
poin{:s, gilowspnce has been mao";le f'or the mors tenucus Icharac:'r.or of Trinity Izix"o

Thero was an X-ray Iilm found st Hiros.:":qr,a by Dr, Philip lorrison in &
hospital at'155($ meters horizontal distance from the bLurct {or 1815 yarde shoart

range) + There iz considershls uncertsinty in ths emount of radiastion this film

TTNOT A QOTT
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recoived, since it wes rather poor quelity, amd the shiolding was not certain,

#Wo have plotted the point (merksd with en H oz the figurs efter corrscting

for the different fission yield (8000 tons is assumed) ,

The eguation of the straight line in Figure 3 is:

D%R - 3.%0 x 1010 x 10°/%60

This curve esteblished that the msen free path of the radistion at large dig-
tances is about 370 yards or 340 msters, Gamma radiation having such a long
meen free path in eir of normal demsity must have an ensrgy in the vicinity

of 5 Mev, This point will be discuseed later.

6,32 Tims Dependence of Rsdietion et Distant Poinmts

E. Segre st el (18 ettompted to measure the tims dependence of the gamma

(1 , -
T, Segre et el, LA 432

radistion at two stations with ionization chambers, Ome of them, on the pground
et 550 rsters, gave & result: the other instrument wae degtroyed by thermal
radistion, Their instruments were designed for e lowsr yield than was obtained
end thus 'ﬁhay got saturatior for sarly times., For later timss, __10 to 20 seconds,
thoy obtained significant readings., Teking iztc account the motion of the ball
of fire and assuming that «ll the intensidy was coming from fission products,

they calculated the fiesion yield of ths bomb quite eocurately, They did not
. . L]
present their daka in terms of radietion intensity as a functionm of tims,

Nore extensivs mcesursmimbe of the time veristion of radiaion .intensity wng
made by Dr, J. Tuck at the Dikini air burst bsst (test 1bls) . These resulis
indicate quite wail that the delayed gamme rad iation is dus to tho fission
productes, In Fipurs » ons of Tuck"s raéords is compared with expoctation, The

"oalculsted™ curve is obimined from the laboratory measurements of tho rate of

gamn: emission {ms given in footnote 2) ard the cbserved rate of rise of the

bell of fire. Ths mean free path was teksn as 340 msters in mceo

UNCLASSITTS
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the experimental observation and a point source wag used, The experimental

curve is adjusted to agres with ths celculated st one second, The arreement
between the curves is quite good considering the rougchness of the calcula-

0y

tion, It seems to indicate that the radiation having the lonp mean free

patbh muct be coming from the fission products throughout the time of interest,

6,3~5 Spectrum of Gamme Radiation

It wag mentioned earlier that in order tc have a mean free path of 340
maters the ene}gy of' n pamma ray nmust be in the vicinity of & xev. This
observetion only deperds upon the validity of the Klein-Yishina formula for
the scattering of'ff/ ~recdiatien, since a primary beaw of initially homogensous
radiation in a fer msan Iroe paths will coms into equilibriuwm with its scattered
radiation. A caraful consideretion of the possible sources of this high energy

radiation leads tc the fission products as the most likely source (1§), Im

(19
Hirschfelder and Yagee, B-Division Report

order to account for observed intensities, c¢uze needs about (O, 72 Yev per fission
in this energy region, Before the riging of the ball cf fire takes the source
of radiation awsy, there is a total of 1,8 Yev per figsior given off. Thus
about 40 por cent of the early fission gammas mst be in the § Nev region,

6.3-4 Capture Cemmas axd Contamination

Some of the features of the Trinily Test were due to the locetion of the
point of burst near the ground, During the first fraction of e second an
appreciable amount of gamma radistion, for points close to the burst, was dus
to neutron capture in the ground, o messurewents bearing on thic point have

been made, so it will not bes digeussed further. Estimetes of this effect have

2 122
Leen made by ﬁéissk0pf(20"l)and calculations of Earshakkz,'2§)on ths rate

(20}
Y, ¥eisskop{, LAMS 218
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(29 N
V. Weisskopf, LAES 250 end LAMS 250A

(22 )
Ballman snd ¥ershsk, Li 257

Z5) ‘
Marshak, LA 358

-t

of neutron abgorption inm the ground ere pzriimsat,

Due to ths presence .i the dust arcund the detonation point, a large

v

region of the country side wes contzmineted with fission products., This

, - (28
topic ig-discusssd by Hirazchfeldar et al( )o

(28

Hirschfclder st el, LAMS 277

A total of ebout 1 per cent of the fizsion productz were left in the

creter snd vicieity, The gammz sctivity dwe to this contamipation is reported by

Asbersolid and Eonn(zs)n

@

4sberscld asnd Voon, LA 359

6.4 THEREAL RADIATION

6.4~1 Tostal Rediastio
' ' (2¢)

The totel radietion wes measured by D, ¥illiems aund I,

(26)
Willieme ard Yuster, LA 353

a thermopilc tschnique, They obiaimsd e valus of 3080 metric tomns

alent for the total, tho neasurcment was mads at 10,000 yardsz,
x

6.,4~2 Radiation Intensitiss = Spsse and Tims Rolations

firs

m T P TF P - P B P Y o o
here vog ne sood tensurgment oliths
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or the illumination as a function of time at any digstence at Trinity. leasure~
ments of ths brightness using the al?solutro' density of fastex film and rough
estimates of the temperature Dy means of & record obtained on a recording

spectrogreph indicate roughly solar brightness, with little varijation as a

function of timse, (27 These megsurements were edmittedly unreliasble., The

(7

These results were privately comruniceted to ths author by J.i. Fack and
P. Geiger., Mdst of tho Trimity photorraphic cbservations are presenied
in LA 531 by J, B, Mack, ' :

thooretical expectation had bsen that the 'temperature of the radiating surfuce

should be szeveral hunired thousands of degreee for the first few microseconds,

drop to a minimum of sbout £500° at about 15 milliseconda,(zs) incrsase for

(29 _ _
Later setimetes (lingee and Hirschfelder, Volums 7 Chepter 4 Los Jllamos
Techniocal Ssries)' of the minimum temperature end later temperatures

have been lomarsd.

' (29

less then a second to 10,0000_ and ther cool off more siowly. The minimun

(29 |
Group T=7 report in "Theoretical Division Progress Rsport for February 1945"
LAES 221

Rt

waa corrotorated, but the initial high temperatures wers not fourd,

The theory of the radiating body was further dewlopcdo(sm The high

(30) ‘

Nagoe and Hirschfelder, Velums 7 Chapter ¢ Leos Alemcs Techrmical Series

temperatures initially ssemmd to be essential, end thoy were kept im the thsory,
The thsory for the rediation efter the first few millisecornds is not in a vory
good state, and hers the "theory" was adjusted to give the correot totel radia-

. e ey " (31
tion as memsured by Williems and Yuster°< ) At the Bikini "Able" test the

(39

%Williams and Yustsr,Li 353
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. 14 '
existence of the extremely high temperstures was verified by msasursments
- (82 -
of Brisn O'Brien, e

(32)
Hirschflelder and lagee, «8-Division Report

In Pigure 7 the illumination es = functioﬁ of time (accerding to the theory
discussed in footmote 30) is presenmted, The ordinste is distance squared
timss "suns”, where the "sun" (C) is & unit of _illuminati.on rether then
brightnesss, The temperatures of the radiating swface sre indicated along
on the curve, This curve is cereful for calculating radia;bion intensities
at all distances and vimss, in-so-fer es atwospheric ebsorption can be neglected,

6.4-3 Incendiary Effects

Measurements on the incendiary &ffects were maeds st Trinity by Varlsy and

. (33 '
Relneao( )Thsy found thet no fires were started in wooden mzterials which

(33)

Marley end Reines, LA 384

wore mppreciably outside ths fire zone, but that charring occurred to beyond |

100C yards, Fir timber wes slightly scorched cut to distances of 2000 yerds,
In &an attempt to understand Aseorching and cherring, let usg consider a

constant source of heat on & surface, It can be .shcwn rather casily that the

surface temparature is raised after a $itdme by the wmowmt:

T, =2 Q t
viT K FC

“here: Q = Strength of heet source (cal/cmzeec)
K= Thormal diffusivity (em®/sec)
> = Density (gfcu
€ = Specific hezt (csl/g degree)
The above formuls shows thel the source strength comss in dirsctly wheress

the time is & square root. It is thus reletively bstter to have en intense

onerassirn LV

2}
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source for & short time, It sesmc reascpable to eoxpsct a scorching or cher-

ring proccss to have a temperature criterion, either occurring or not depsnding

upon the temperature, snd relatively uneensitive to eprlicetiea time,

.

Lot us apply this formuls to pines wood, usigp Figure 7. The constants

ars taken ss:

P~

K e lbét X 10"“0
~ = 0,5

0.42

ki

&
Assuming thet the valus of pe ¢>  is constant at 4,5 = 109 for 20 millisaconds

and then drops abruptly to sero, ws pat:

L Tye 9,2 x 108
g

% (for distance in yards)

~.

This is for sbesorption of all of the rsdiant srergy, If 400° 8 is sslected

@3 a "charring temperature® we get that D = 152C yards, This iz sbout the

limit tc which there wae an aspprecisble effgct observed,
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CHAPTER 7

SUMMARY OF NUCLEAR PHYSICS MEASUREMERTS SIFYED

Robert R, Wilson

The imnediate purpose of the mclear physics messurements was to
determine the efficiency of the fast chain reaction to bo tested at
Trinity., The experimonts were also dosignedlin & manner thﬁt would
give the grestest insight into the nuoleér phenonena cccurilng during
the explosion, Particulary im the ovent of a fallure or of a resulting
low efficiénoy would such measuroments be crucisl.,

The expcrimnntalipnoblems posel wers extremely-difficulto Host

‘measurements were designed to give results for an efficiency wverying frenm

thaet equivalent to an 6nergy release from 10,000 to 50,000 tons of TRT. It
was neoéésary to place most of the sguipment in a pbsition where it had to
withsﬁand‘the heat and shock wave from the bomb, or alternatively to send

ts data to a distant recording station before it was destroysd. We cax
understand the difficulty of transmitting signals during the szplosion
~when we conelder that the gamuz-reys from the reaction will lonize the air
and.othef msterial within hundreds of yards. Fermi hsas calculated that the
onsuing romoval of .the naturel elsctrical potentiél gradiont in the ataoséhere
will be eéuivalent‘to a large boit of 1ightning striking that vicinity., We
neré pleguod by the thought that cther Such'phcnomenn might occur in en
umprediotable or ;nthought of manner., &£11 signal lines ware coﬁpletely
ghiclded, in m&nyvcases doubly shieldésd. In spite of this many rscords
wore lost bzcause of gpurious pickup at the Time of the explosion that
perelyzed the recording equipment. Much of the reocrding.was done photographically

in reinforced concrets earth ccvered shelters placed at a distence of about 1000

yards from the bomb, Deeply buried shielded cables brought the signals %o the

shelters., Ever asre ?9@ tremendous gammR.ray emission bleokened the photo 3

UNCLAS
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plates except where the plates were surrounded by thick Fb shields within the
shelters, In many cases the dirt was blown from the shelters by the outgoing
wind,

It was difficult to keep the number of oxperiments within bounds., Kost
physicists yielded to temptation and oconseivsed of experiment after experimento
A ccreening board consisting of E, Fermi,,..vo Weisskopf, snd R. #ilson considered
each proposed experiment with respect to its feasibility and possibility of
| giving oogent information. Even so, oonsidering the short time in whioh to
prepare the experiments, perhaps too meny were ettempted.

The.theoretical workl by V;'Fc Weisskopf on_ﬁhat nuclear phenomena might
be produced by.the fast chain reaction was of great assistence to those designing
the experiments,

It was reocongnized from the beginning that the most promiéing measursment
of the nuoclear efficienocy would come from the radiochemicsl determimation. and
hence the greatest offort was put imto this experiment under Anderson‘s direction“
This proved to be go, and thsy obtained the vealue of 17.4 *+ 3 per cent. This
efficiency daterminati;n #»2g made by radiochemioal anelysis for fission produots
and Plutonium, of solutions of motive dirt collected in the vioinity of the
sxplosion. Experimental defails will not be given hers as tho origimal reports
of the various experiments are to be appended.

Sagre’s group mado observationsg on the delaysd gempe-rays from the fission
products by means of ionization chambers several milliseconds efter the axplosioEE;
They had two stations: one on the ground at 550 meters from the bomdb exnd
another one &t the same distance but lifted by a ballcon to an elevation such
that the line joining the balloon with the bomb made & 45° angle with the hori-
gsontal. The purpose of the letiter station was to get sway {rom the effects dye

to the earth thrown into the air by the explosion. Unfortunmately the air-borne

AN
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detector was destroyed by the initial radiation flasl before & reoord Was -

!

-obtained. The other dataetor gave results not in disagreemant wzth the

radiochenical determimtign of elficiency and th_a avera_g;e of. three reoords
was 21 per éent for the gemma-ray determined efficiency. No probable error
was placed on this result, In'addition to the ionizaticn chember measurements
they also wmade maésu.rements of the totel ra;iiation in § units at various
distances from the bomb and under several smounts of lead chielding, using the
blackening of p’hotbgraphic 'r;xateriélsa |

Moon algo made measursmonts on the delayed gamm=rays§ at longer times
p&rticuh.rly for the wfposs of giving informstion to parties emtering the
- radiomotive region after the explosion, Ha also meds an attempﬁ to photograph
the distribufion of fission producte in space as & funotion of time using ﬁhe.
gamna-réys from the products and e pinhole camofaas

The radient energy was éuccessfully meas;zr'ed by D, Williame and P, Yuster
using & thsrmopile *t:ec:ifmiquea;6 They found 3060 metric t.ona of TNT eguivalent
as the value for the total radimnt energy emitted.

The mmbei's of J. Williams group made mexsurements on the mmber of
delayed neutrons from the fission produots resulting from the explesion. Their
technique consisted of measuring the aotiﬂty of & cellophane tepe which had |
hoen passed rapidly betwson two U255 plates. Tho sctivities of the fisaion
fragments caught in the cellophans gave & tims-differentiated neutron record.
Three cellophane catcher cameres were constructed. One was air-borne 300 meters
out and :3.00 moters up; the other two were ground staticne, one at 300 B terx
and the other &t 600 meters from the bomb. Only the 600 meter stetion survived
the radietion and the blast to give record. |

The low end unimown density distributicn in the ball of fire and the
large soil effect at 600 meters made dii‘ficulfh ‘cl;xe interpretation of the observed

neutron density in terme of efficisnoy. A scaled mock-up of the groumd plus

bell of fire hole has bheon studied and the results indicated that at 600 meters

UNCLASSIFIED




the hole produced by the ball of fire nearly compensated for the reduction in

intensity produoed by the coil, It is perbaps fortuitoue that such considerations

give a value of the efficiency, ?.ltper cent, that agreed #o closely with the

Aradiochemioal .determination.

; 8 ' : :
E; Klema determined the mumber of neutrons per square centimeter per unit .

logr_it}ﬁnic energy interval ms ¢ function of distﬁnce from the bomb by mee.suring
the activation of cadmium - covered gold fbils which had been caljbrafed ina
graphite block. Eis values varé in good azreement with those obtained by the
ogtoher cameral technique after the latter had besn integ,ra_ted over the time.
Klemag aléo woagured the number of fast neutrons from the nusbllear explosior &t
a point 200 meters distant using sulphur &s the detector.

Both in the cago of delayed neutron i;easurements and of dslayed gamzza-ray
observations, more rsliable results would have beon obtained ha{l the muclesr
offi olienoy been samewhat lower, '

The above experiments were primarily directed tow#rd. obﬁaining the muclear
efficiency. The following measurements wero more of = diagnostic o}mz_'&cter

for they did mot directly give information on the effiiciency. On tho othar

- hand thoy did give 2n inslight into the cpsration of the bomb that is importatrt

~and which would have besen particularly important hed 2 low efficiency resulted.

O~

These measurements were concerned with, o~ , the rate of multiplication of the
neutrons during the early stages of the chein reaction, -

A simple measuremsut that hes come beering onct was made by R, Sutton,
et

explosive and the appearance of ths shock wave at the

Urenium temper on & full scale hemispherical model,,

f vow o8& 15 & sonsitive functiion of thes time.

Not
~heg)

/

Before this, Froman had measured the time imterval between detonation Gf"ﬁﬁé“"""\j




IR
and the eff iozenoy depsnds on X \

/
v

UN CLASSIFTE' 7 _ b( )

{fhese limits are

considerably wider than the limits of error of Sut‘t{én'slbr Froman'e measurements.
'Tﬁus ﬁhe. maas.uxf‘oments indicate that the reaction wrg 8t off by the initiator
- ét sbout the right time arnd at ebout the tims that tma. expscted. Had something a
gm'n';)'wrong it is likely that this expéri;nent would have indiceted where the -
' trauble would be found, -
Diroct measuremerrts of the imt:’w.l mltiplication rate -were made by members
| éi‘ -ﬁo Rossi's and R, Wilson's groups, The muolear reaction is accompanied by
4dii'ec{, qniséion from fhe bomb of neutrons and gamma<reys, the letter ari'sing.

meinly frem capture of noutrons $n the outsr leyor of the {ubslloy tamper. The

neut’rons: are clowed down end delayed in the hizh explosivéa hence they are
unsuited for-studying the time dependshodof the reaction., It wa g therefore
‘decided to mesaure ok by measuring the rate of i"‘crease of the gemmz-ray intensity. 0z

br2)

: 11
In the msthod suggested by ¥ilson, it was hoped the A oould be meg._surgd

et various times after ‘_;niti&tiotf
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benks of commeroial elsctron "*';"ciplior tubes wers used for

gunls from these, pleced st vericus distances from the bdomd,

wers fod in%o modified oscillographs which gave ocut voltage pulses which were

inversely proportiomsl toos , also the sigmls wore fed into eleotromic timers

/

which sent cut voltege pulses which were proporiioral to the tige between signals.
—— 4 5

te, It made uss of s

oseits method gave considerebly mere rolisbic resul

iargo air lonisstion chawber detootor placed very closs to the bomb. The sgigml )

from it was fed into & loung gpecinlly designed tapersd cxx:ial line that 0D
wmltiplied the signal, The line leed dirsctly o & high voltegs oscillozraph 5(})

where the traca produced by the zizozl wes photographs cd, !

- -

tant altermevive mothoeds weres chosen for tho

tn probably all thoe wsthcde nould be successfully

T s WEOR LIS I, ¥ 3 o w3t . R -
vsed on the haslz of the GEper jencs galasd at Triuity and if o longer tixe were

evelilenle fovr preparations.
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section 10 _
| CHAPTER 10 |
\ SUMMARY OF TRINITY EXPERIMENTS

JULY 16, 1945 FISSION BOMB
MAY 7, 1945 100 TON

IWDEX OF REPORTS

N
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. page 109 :
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Leasurements Io O
I, IkflOSION
1. Detonator £ reelkoen
Asimul tanelly B, %, FitTerton
¢, Shock weve trans- O, ¥ronal
riesion time K, Sutton
3, Muliiplica ation . afR.R.WILSOH
facu&n(°¢}

Ii, ENERGY RELEASE R, R, WILSON
by Nuclesr maasurements
i. Delayed gemma o Segre
rays
2, Delayed neutrons H7T,Ricnafds
' a

c/

Conversion of Pu &f/H L Andereon

to fieslon

2

produchs

o/ D, Frisch
J. k. HUBBARD

ci‘ %—»i

Lesonation wave Operated

swltches snd Tasi sCop
ope

ntePVﬂ1 ?rom Tirlng of detone-
cre te nugiear exp&csi SN TBe
corded on Tast scope

igctron multliplier chambers
and time expander
Two chamber method
gingle coaxlial chamber coaxial

t ansformers and dlrect deflec-
on high speed oscillograph

A

ign chanbera, mul
s, Helland recor
d balloon sices

s

5L0L€
gl
4

oot

[i4]

3

X0 und

Celilophene caucher and 25 plates,
on Zround and airvorne

aetectors to give
L Liux

of patio of fie-

ech s To Pu

fTrom
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world, Indications Trom
Hiroghima.
Nagasakl

Nothing from

“ gecsion 10 NN paze 131
. JEBY LG -ﬁaﬁﬁa, LLOSLION , o 100 TOK SHOT.
: _ ' Ser, Used Ser. -
Results ﬁpno rt No,of in In Charge Report No,of
Bpt, 1007 Rpt,
ﬁeccrds fogzed by gamma  LA-L3Z7 26 —~ . - -
_—Q—N .
|
AL
La-U3p 21 Egquip. ¥.Blair Informal &9
Teet
Record obtained from &DO LA—jb? 3a - - - -
m station, Energy relesee
consletent with H.Anderson
figure
%No,of neutrong per cm© Li=362 33 - - - -
ver unlt legerithmlc en-
ergy. intervel ve: negsgured .
for 7 stetions, 300-1000 meters
Two of & unite recovered, LA.3IEL 3 - - - -
Give n Tlux for encrgies
3 Mev gt 200 m i _
LA-282 60
17.4 + 0.3% efficlency = LA-355 35 Tracer Anderson L&-2824 604
18,600 tons TNT Test  Sugerman LA-S290 6%
No resul®s from TR shot LA-B1&  36A - - - -
dust after 1t circied el o

Bainbridge 368

Fugsa 360
Hubbard 36D
rpts. &
LANE=-277
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‘section 10 ' { 4 o pege 112 ,
TRINITY EXPERINENTS . : o
Measurements _ In Cherge . Eqafnmeﬂh or Heghnﬁ S
I3, DAiwhGE, BLAST  J,ii,MANLEY | |
AND "S8HOCX " <
BLAST ‘ J.0.Hirechfelder
1. Plezo o R,L.VWeglker duartz pieze gsuges - o4 unite
2 Condense . gf/%,C.Bright - Condsnser gavges, freq wency
: modulation type C.I.,T,-& units
/2. vsldran Condenser gauges €. 1.7, type

dropped from B=-22 vlanes -
6 units, 2 planes

3;>Excess valocity a/H H.Barschall Moving coil lcudspesksr o;ckwup =
’ : 10 e*a*ians _

b/ , From plege tims records
c/d, B, MaCK Cpticael method. Biast-operated
switches and torpex flash bonics
G/J.EHACK Schlieren method -~ 1 station
I, resk pressure a/H, Sheers Soring locaded plston gauges -
- D, Littler & units, intermediate pressure
range 2,5 % 10 pai
b/H. Sheard SGume gauges - 12 units, above
D.Littler ground and in elit trenches,
2C to 150 psl in range
c/W,G, Permey Crugher type gauges
F.Relnes

G/J.C.Hoogterp Aluminum diaphregn "box! geuges -
K2 unite 1 %o 6 1lb. range

5. Remche pressure T_H,.& AmL:i 19 Frlez Hl-3Z4 #792 bafograpbs
barograph recorders ’
5. Impulse gaﬁge T.Jorgensen 12 mechanically recording plston

liquid end orifice gauges,
sach for 3 yield vealues
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. page 133
100 TON SHOT

~

* gsection 10 - :
 JULY 1.6 NUCLEAR EXPLOSION

H
-2 )
H‘
ol
ey
=4
o

Se- € Uﬂed . serp
Hesvlbts =~ Report No.o in In Charge Report No,of
— ' Rot, 100T ' A Rpt,

Genersl blast considera- La=316 13 Y88 %.D,Kennedy
LAalig-24F 12

-

.
]
:
:
E
;

tlons
No records., Traces thrown : Yes Walker LL=286 62
ofT scele by redlation :
effectis. _ -

La-366  3f
Mo TR records, Shot had ‘ ' Yes\'Wa}dmaﬁ- Report 63
%o be Fired when planes , ‘ o
out of position, 100 ten , : ' Pargons

vecords and combat records

Obteined velocity of sound - ' : )
for a small charge and LA-352 38 Yes Barschall L&-291 64
then excees velocity for '

bomb, Yield 10,000 T

Yeg HNot armed

Slaagt pressure veluses LA-350 ) - - - -
low compared to ail _ : : -
cther methods
LA« 350 - - - -
sbhave
Highest pressure rangs LAa-#31 B0 - - . -
5900 + 1000 ton ZHT 4-354 b1 Yes Hoogterp - LA-0B8 65
equiValent , .
Consistent with 10,000 Lh-350 12 - = - -

tons
Consistent with 10,000 La-355 43  Yes Jorgensen LA-284 66

tons
UNC]




Measurementa

nII DA&AGE ‘
BLA31 (cont, )

? Maes ve1001ty

8, shock wave
expansion

'EARTH ES40CK

1. Geophone

2, spismographs -
~  Leeb -

'3@ Dermanent earth
' disgplacement

4, Remote
: aeismographs

IGNITION OF STRUC-
TURAL MATERTALS

i, Roof*ng and wsll
materials

IV, GENERAL PHINOMENA

1. Behavior of Ball
of Flve

"L,

et.e
(‘\

vﬂw

)
¥

rl

(,Lt
J.H BARLEY

H. ¥ Houghton

L.D.Leet

- W.G.Penney

F.Reines

G=2

i
“Q
¢

2]
v ‘:_;
b R

& 42
I
W

&

<o Ln lACK

a/

Bguipment or Metbod

Sugpendet primaccerd and mag®
nesium fiash powder viewed by
Fegtaxes

Fetax camerae £% 800 ya,

ste.tions

J-

eloclit
ng ©obt

)
L8]
o
tad

¥y type movlin 5
lon geccohone

5 Leet 3 component strong mo.-
tion digplacement seigmographs
Steel s%akes Tfor level and vers
ticel displecement measurements
Tucson._El Paso, Denver
obserVations

Rocfing, wood, and sxeeleics
on guvakes :

UNCLASSIFIED




section 10

JULY 16 NUCLEAR EXPLOSION

Hesults.

19,000 tons Lot
yield

Extrapcletion from small
charge and 100 T data
givea 7000 tons

AApproximately 15,000
tonse

10,000 + 5000 tons
Ko effect &t these

aietances

Rigk of fire produced by
rodlant energy 1s small

{ General prospéctus)

Two plots of cloud ©b-
tsined, Radar reflecilicon
not favorable.

Ser,

NCLASSIFIED

TON SHOT

page‘l%ﬁﬂ

- ‘Ber.

Report N0 BT
Rpt.
La-351 Ihy
LA-L3Z8 k5
LA-365 ,46'
L5é3653 Lea
Nons . =~
L&-36 47

100

Uged .
ir In Charge
100T - N

Yes Houghton

g L. Du I-leet
prognosis

Yes Penney

Yes See Lest
repoert

Report Nosof '
Rpt,
La-287 &7
La-433 68
La-283 69
LA-292 J0
LA=li30 68

&
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Section 10 page 116
- PRINI Y EXPERIMENTS
Yeaeurements’ In Charge | Egulpment or Methdd

IV, GENERAL PHENCHMENA (cont, )

2. Rige of Column

&l
. o/
and Ball of Fire c/®. B.ioon
3. Hushroomlng and J,E.HACK

lateral movenent a/

b/
c/
and Riee of Column - d&/Capt,
H,Allen
4, Blast Cloud F.Reines
analysis

- Effects

RADTIATION CHARACY'ERISTICS

1. Spectrogrephic J7EbMACK
: 9

b/
D, Willlame
J. E HACK

Jde E MBMACK
&

v/

2, Totasl Radlation

3. Photometric

Four 100 fremes/sec Hitchells
Onre 24 frames/eec 16 mm

Two pinhole cameras

THo gamme ray Cameras

?vo Falrchild 9x9Y¥ gero view
cameras at N—lO 000 and %-10,000

Tvo Fairchild cameras 20 miles
RE for stereo-photos

Two Fmilrchlld cameras 20 mileg

& fTor sterec.photos

Day or night posltion plotting
by searchiight equipment

J.E,Mack phdtbe
J.Acby vhotos

Two Hilger high-time resolution
1077 sec spectrographs

Twao Bauach & Lomb loﬁl g8c
spectrographs

™o thermccouples and recordlug
eguipnent

Two unite -~ moving film and filters

Six photocellg and filters recordu
ing on drum osclillcgraph
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section 10 f ' ‘page 117
JULY 16 NUCLEAR LXPLO°IOL - ] 100 TON SHOT
, Ser, Used . Ser,
Resultsg : Report No.,of in "In Cherge Report No,of
: Rpt. 100T . _Rpt,
LA-430 51 - - - - e
the firat 18 miles of Allen & 682 - o - -
the malin cloud path 1L-8 crew
height was trianguleted reports
La-U48 53 - - - -
LA-35% 55 Yes J, 5 HACK - -

T’“}r Tﬂ?
| "Th R OIOYTTS
I I I b/ z\u vimi‘;:@wi& ZED
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page 118

1Y EXPERIMENTS

section 10
' | TAT]
‘Measurements | In Charge
V, POST-SHOT RADIATION
MEASUREMENTS
1. Ganma fay " P,B.loon
gentinels ,

-

Vi.

Portable chanmber H,L,Anderson
obgervations in ‘
high gamma flux

reglion ‘

Dust-borne L.H Hempelmann
product survey

Alrborne J ot HUBBARD
products D.Prisch
. Detailed P.B,Moon

crater survey

METEOROLCGY ~ J,M,HUBBARD

Equipment or Method

8ixteen ionlzatlion chambers
which recorded at 10,000
vard shelters

Observatlons were made from
the tanks using portable ionil.
zation chambers, standard :
design _ ,

Portable alphe, gamma ioni-
zation chamvers and Gelger
countiers

B-29 planes equipped with
special alr fliters

Jonization chambers and Vatts-
type amplifiers :

Complete instrumentation and
weea ther information
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JULY 16 NUCLEAR EXPLOSIO’ l llh -

Report No,of

Hepuite
Rpt,

Ser, .

UNCLASSIFIED

Thege units were sxtreme.
ly valuable in giving the
dlstribution of radicactive
products immediately after
the shot until ssafe stable
conditions were assured

About 4 hours after shot
ionlization dats from these
chambers was radioced back
to the control shelter

LocaXl TR ionization and at LMﬁS—-E’?? 56
,remote points to 200 miles

was measured for dust-depo=~ -

gslted flssion products

See II=3¢b above LA-118

Hubbard
reporte
After L meeks, approxa LA=359
15 R/hr at edge of scoured
crater, 0,02 R/hr at 500
yards

58

LA-~357

See complete report,
weather data obtained

up to 45 minutes prior
to shot at Point O to
20,000 ft. end 25 minutes
after shot. Low level
smoke studies made in
event of a fizzle,

36A
Beinbrigdge 36B
36D

57

page 119
100 TON SHOT
Used - Ber,
'in In Charge Report No.of
1007 Rpt,
Yes Moon Trisl -
4 for ~
blast
effects
only
Yes Anderson Trial -
Hempelmenn  of
tanks
&
rockets
Yes Anderson La-282 &0
LA-282A 60A
LA-.290 61 '
Yes lHubbard LA-285 71
?W?ﬂ‘” : NTTv=%
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