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ABSTRAGT

An estimate of the critia%l mass for U Zj~ wa8 determined by

maa~uring the neutron rCproduction in ~.1/2.inch- and 4=1/2- iIIC &diainater

@ stage-material spheres. surrounded by tuballoy and “W tamperso A fission

inures of neutrons was obtained from a beam of thermal neutrons from the

water boiler striking a ~~stage.material target placed at the oenter of the

8phereso Tho }-stage material used is 7).+peromt 250 The multiplication ob=

~ained was dwberminwl by collecting fission fragments on cellophane cxttchtw

foi160 One foil was placed so as to umaswe the fissions oocurring throughout

the mass oi’the sphere while a woond toil was used to detwxuino the fissions

produced in the target.

t
I
i

Q

r
b

. .

?

9* ● -e ● , ●
**...

::*98*: : 8:
● -0. : •~IIcLASSIFIEB

-- -lo- V- im:●:0 ●.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



1

r
4.

CRITICAL MASS MEASUREMENTS FOR A 25 SWIJ3W IN ‘h AND WC TAMPERS

3R’LNX31JCT XON .AIW SUMMARY

‘l%isreport desoribes experiments performed in Fabruary and

Maroh 19.+5to delmrmino the critical sizo for a 25 sphere twuped with uranium

and tungsten cmrbidso Tbo experiments were performed using spheres of about
.

301/21’and &l/2n diamet~r and Of isotopio GorxJtitutionof about ~~porcen’t 250

The method consisted in observing the multiplicationby the sphere of the neutrons

produoed by a source of fis6ion neutrons placed at the center of the sphere.

1

1

d

1

allowixIga beam of thermal neuixoxm from the thermal’.

%0 strike a bote.stage.makerial target pb.ead a% ?&m

mult$plieet?ha was measu~ed by-d@mrmining the number

in the mass of the sphere and in the sour~e by

collecting i’i8sionfragments on cellophane catoherso

The values found for the critioal nass (with infinito tamper) of

100 percent 2; (density 19) were lcj08,Kgfor natural uroaiam tamper. and 13.8Ig

for tuzqy?dxnoarbi.det%mpero

The report contaiua the fo310wing sections~

l%rt A. Experimental ProoedWe

A.Ao Sphere and tamper arrangements

4b20 kkmmuring tachxl.que

Part B. Interpretationand Calculation

B-10 General considerations

al?
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AO @WiRIMEWAL PROCEDURE

A-10 ~ A strong source of thermal neutrons was’

obtainod by making a Iargo oavi%y in the thermal column of the water boile?.’o

The cavity was 21’;x 21$’x 24m and was made one foot from the end of the therml

Ooh.mno This permitted a

ff~eenan Md’2n oircle ~

Flux measurements gave an

a fission aouroe

target button of’

Fig.

of Ioz x

#?Ltltag.

small target placed 22m in front of’the oolumn to

ft back in the column through a oone of 21° apex.

Iiv= 3015 x IO%W at tiie turget position. This gives

207 neutrons par sea on the ~~\82.inch-diameter

material when the boiler is running at &l/2 kilowattao

1 is a schematic drawing of the neutron beam port and the

tuballoy tamper in front of’the water boiler thermal oolumn. The tuball~y

tamper consisted of two large hani~phorioal shells 18=1/8 inch ()’Dwad 7-1/16

ID. Smallar nesting hemispheres filled up the central cmvity so that either

C.3mI/2mor 4.I/2*! -stage sphere could be inserted in the oenta?.

The large hemispheres were munted so that tha splitting plane

v,ashori.zontdlo The lower half was mounted on a teble of adjustab$o Imighh

The upper hemisphere oould be

Qf a chain hoisto

The px’oeedurefor

upper hemisphere removed. the

ra6ial hole of the lower half

raised and lowered in vwrtioal guides by means

each bombardment was =6 f’ollo#so With the

souroe assembly (Fig. &i) was inserted into the

of the nesting spheres~ the oolleoting sandwich

(Fig. 6C) is put in place; the upper half of the nesting spheres is assembled

about tho source tube. The central apherieal struoture is then rotated through

90° and the source-assemblytube pushed into the snnll reomwv in the cadmium coneo

This rottakionof the spherical structur~~%~~~saary in order to have the ~ss

‘“ t : ‘~oatoher perpendicular to the neutron beU&”~w4#we LQ~e$c,thus minimizing the

● * ● *O●** ● ● ● *e

-“~~~uNcLAssiFIE~
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distortion due to the beam port. The final step is,to lower the Iargo upper

tuballoy hemisphere. About one minute was required to remove the t?ouroeassembly

and oatchor sandwich after each irradiation

A special table am drawer arrwagament wore made for the WV tamper

bricks in order to be able to duplicate the short disassembly time required for

the tuballoy tamper. F$gs 20 30ha and 5 show the tamper

prooess of assembly for an irradiation Fig. 2 shows the

cylinder and oatcher

2cjsphere segments.

an irradiation. The

saudwich in placeO Figs.~ and 4 show

arrangement in the

aluminum source

the assembling of the

Figo 5 indioates the oomplete assembly in plaae ready for

disassembly required the pulling out und tipping of’the

drawer and the removal with a hand olamp of the upper central WC blooko

l%% 2.110 x 2-1/8 x &l/4WG blooks were held in plaoe by external

olamps. A oO1O” steel sheet supplementedby side clamps w&s sufficient to

support the blocks over the drawsr oavity. The large WC pieces were made

under the direotion of ~Q Balkeo one 8@t with a 5.ti2~’oavity and ono set

with a 491/2N oavity to hold the #?=stage spheres.

Preoawtions bad *O

and blank outoher foils. T.Ms

A.20 Measur~queo A6

be taken to avoid contamination of the counters

was especially true for *he tuballoy tamperO

indioatod in tho preceding aeotiono measurements

were made with ~O~n and &5[Jspheres in both VW and Tu tamperso Tinecm8ential
.

msasuremcnxtin eaoh c?asoconsisted o~ finding the ratio of the fissions Ooourring

in the sphere to those occurring in the souroc+O It is unmoessary to make

absolute

and thi8

measurements of these quantities if +zheh ratio oan be determined

fact simplifies the problems of measurement considerably.

The catcher foil teohnique ‘~+ V$euto #.e@w~~n.ethe manbcx?of
● *..
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fi8t3iOIM30 Cellophane foils plaoed in tho 6pIzc3rf3and in front of the souroe

wore aotivated simultaneouslyand then were counted on tmw G&l oounters with

simi3,ar gcxmetry for the two foilso The foils were interchanged during the

oounting to minimize errors duo to difference in efficiency of the %8 oountorso

The source catcher (S) was a cellophane disk 0~80fiin diameter

punohed from 0.(301nsheet.

waa activatad by a disk of

activate the na8s oatchors

the flux at the source was

mask with a small hole was

It was placed in front of the souroe bu~on and

25 punched from the same foil vdxich”wasused te

to minimize any errors due to suri’aoeIayerso Sinoe

much higher than that in the sphereg - al~in~

placed between the 25 foil and the oellophanee The

size of the hole was ohosea for eaoh expe+rimontso that the counting rates

of the eource and sphere oatchers were nearly -thesameO The “mask ration wws

measured in a separate

was Z?025 for %he ~0~’1

of the souroe assembly

experiment desoribed in the next sectionO The ratio

sphere and IOOIG for the 405R spheroo The arrangement

with the target at the center of the sphere is shown

in Fig. &O Some measurements were made with the targpt disc atR/2 and at

R as well as at the center (Table I.). Calculations are given for khe eemtrd

position only in this report.

In order that the mass catcher activity be a true measure of the

i’tssionrate in the sphere independent of distribution. the catder assembly

was placed in m diametrical plane of the sphere perpendicular to the boiler

beqand alumizmn

foils to leave an

distcmoe from the

shields were placed between the catcher and the activating

2exposed area proportional to r ~ where r As the radial

center of the sphereO The shape of the shield i~ shown in
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source asssmblyu A aorreotion for this hole as well as for the

was made in the final calculations~

The sphere or miss catohor (M) was arranged to have

beam part

a large Surfaoel

area since the flux in the sphere wa~ rather Zow and tho moan4ree.path Iargeo

i’hemass catcher “sandwi.ch”is shown in Figo 6(Io As can be seen in the skwtoh,

the cellophane foil oatchea f%agmnts from six surfaceso Metal templates

were used in ma-%ing and punching the cellophane from 0.C901[’sheets The catohors

for the 305f’sphere were 395x ll.~~n and those for the b.~n sphere were b~ x

14z.75W0Tho oOIO” oadmium sheets shown in the diagram were used outside the

sandwiuh to stop stray thermal neutronsO

The G.lMcountors used in the experiment are special dural counters

7-1/Zf’long and 7/0” ID with 00007” w6Ms0 The thin portion of the counter

is 6=1/2” long and tests showed that the ooumters are essentially constant in

response to be&@ particles over a length of Cj.1/2t’.

counters is &OO~” tungsten~ the oounters are filled

I ma I@ and argon (9czi Eg)0 The counters start to

and have plateauz approximatcdy 1~0 volts wideo The

The central wire of’the

with alconol.(pressureO

operate at about 8cj0volts

background count is about

100 per minute when the counter is placed vertically ina Pb ‘pig” behind the

+ft conorete.earth~ll at Ome~.

The irradiated mass oatoher was rolled ona dural sleovo with

0.003°wallswhich fitted snugly over the &Mcowterao A Pb refleotor ws

slipped over the sleeve and cutchero & order that the source oatoher diek

be oounted with similar geometry, a cellophane blank of the same size as the

mass catoher foil was wrapped on the seoond SIC)OVOand the source catcher wae
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per

the

WaB

oent per layer and there were either ~ or 6 turns(depeading on tho size of

sphere) in eaoh counter assemblyo

Uncertainty in tho results due to slow drifts of oountor sensitivity

minimized by iidxmchanging th~ souroe and mzss ca’ahers on the inm eountcnw

during each counting

counta were obtain~d

measured from end of

oyoleo It was found by experiman% that equal tokl

in the periods 3 to 605mine, and ~ to 13 mbq (time

a I&minute bombardment). so this schedule was followedo

The power of the boiler was

obtained in eaoh interva10

The experiments

adju8ted se that approxiuwtely 20.000 oounts were

were run on a 21-mixwte echodule”as followsz

?4= IIMSS oatoher s = source oatohcm

TimoO minutes Operation

o Star% bonibardment lioo 1

10 stop n n n

1$ 3!on Counter 10 S on Counter 110 start oount

1605 (1 w n n ~ stop Oount

17.0 S on Counter Is I!on Counter 11, start ooua~

21 Start bombardment No. 2

23 S on Coun’hr 1, M an Counter 11, stop count

During the 10 minutes between the end of the oounting on No. 1 and the start

of the counts on No. 20 the counter operators take J.min.baokgrounda with each

of the holders for M and S and run a 2-mi~standard counto On eaoh suooessive

runs the order of counting was interrbnged between M and S. A ‘cmimium runti

was mdo at intervals so that the offeot of the fas’b.aeutmonbackground could

be taken into taeoounto k tho cadmiom r~~ &k?.~sua+p~o~e$ure was followed
● ● **:

with the exception of’placing a “diskof o!?&!E&..3s.&&. OK the source assdbly.
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Each

analyzed EJS SOOn

the operation of’

measurement consisted of a% least 10 runso The data were

as each run was completed to xmintain Q continuous chock on

the apparatus.

they oan be

tion of the

The data thus obtained require two additional measurements bafore

used to oompute the multiplication due to the sphere: 1) detormina.

“mask=ratio”of the source msk and~ 2) measurement of tho penetration

of the boiler neutrons into the souroe plug to determine the effeotive depat

of the source. These measurwwmts are disoussed in the following motions.

& order to develop the above measuring technique several runs wero

made initially using normal uranium for the 3.1/2” sphere and the catcher foils.

The type of dcmay curve obtained from the catoher foils is shown in Fig. ~.

Table I shows data taken with the 3.5” ~-stage sphere in a’uranium

tamper. In using the oounter-mitohing teohnique desoribed two oorreotions x

and y had tO be used. ywas a correction for a difference in effioienoy of

the tm oounterso and x was a correction applied to take care of any difference

in total nmiber of oounts oocurring in the two time intervals ueed~ 3 tm 605

minutesn and ~ to 13 minutesc as mentioned above.

These correction factors dropped out imfinciinglgk$= k=

whero S and Mwere interchanged

Counter IVoo1

on al%ernake run60

Counter Noo 2 ~

$ 3 he 605

XM ~to X3

9@n . . . .
● .●: : ●:::.. ●:0
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●°0 : :
● ● 99
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Mask Ratio for Source. The “source

90 ● *. ● 00 9** ● 00 ● m
●

“::“:*
oellophaneflcaught fission fragments

produoed by the oapture of thermal neutrons in 73o7percent enriohed 2S0 The

‘mass Colloplxuzo”oaught fragments produoed by the oap’cureand subsequent

multiplicationof the progony of thess inoident neutrons in 73.9 peraent-average

material for tho 3.1/2w sphere and in 76.7 percerxt-averagematerial for the

4D1/2° sphere. The ratios of the aotivity of these two foil~ were for both the

spherem 10 and 20 respectlvelyO

tided to

Oounting

?n order te avoid uncertain Geiger-counter correotions~ it was de-

abaor-osome of the aotivity of the source. and thus equali%e the

rates of the souroe and mass cellophane foils. This ws done by

placing between the 2cjsource plug and the cellophane catcher a .003” Al disk

with a hole in its middleo Thus only the fraction of fragments which went

through the hole was caught in the cQllophanoo The ratio of ths activities

with and without the Al nmsk is known as the mask ratioo Tnthe fina~

oaloulati~ns the value of this mask ratio enters direotIyO so it must be well

knowno

h determining this quantity experimentally (it was not calculable)

equal counting rates for equal bombardment times again were desirab~o. This

meant using different boiler powers for runs with and without masks and

obtaining in

dcwioe was a

gave erratic

some way a number proportional

small 25 chatier plmed in the

results for reasons which were

phane foiMJ for tmcoessive runs at the same

conto Believing this meant that

powor setting. about 25 I&Afoils

tho boiler

te & at both powers. The first

front of the thermal oolumn. This

newer asoertdned.o ~ile the oellb

power agreed to within at worst 2 per-

was actually oonstant for eaah

● ●● ✚✚✎✎✚
● em*

● **
● 000. ● ** ● 9
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These were used as monitors for individual irradiations by plaoing them in

the front of the source .asswnblyo Here &gainc when the ~sk -s offs the i-

oi,dentneutron beam was nmdo only 1/20 or 1/10 as strong as with the mask ono

TM.s

from

meantthat there vnuld

the Ma mouitorso

This difficulty

be grea% diff!erenuesin the ooumtiag rates obtained

VXiSoliminatod a8 fO~lOWS: a different M foil

was used for each irradiationwith mask. WM1O the same W foil was used for

a series of irradiations without the maska The number of runs in this series

was approximately equal to the value of the mask ratiog so that if this series

were oompleted in about one hourp all Ma foils would be equally aotiveo

& order to employ this technique it muet be true that all irradiakionf

of tinesingle Ma foil are approximately equal and that saturation is not

rsaohedo Then from the following. where At =measured aotivityet end of

all bombardmsnt$ Ai10 Ai2~ Ai30.0Ain = initial aotivity had eaoh irradiation

bsun ona dead foils t~, t2e t30.etn = time from middle of eaoh bombardrnen-bt%

time of oounting~ ono can find the average initial activity of the series:

siz%mmll Aioe are equal

The aotual m sk ratios obtained were 22o25 for the 34/2’t sphere ad
● 0 ● ** ●

10.16 f~~ the ,&3/2n sphere.
● 000..:: ●● m*:.

● *
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A.& Detamina tion of Effective Depth of the Source. ‘i%determine the number

of fisfiionsin the souroe$ from the ‘SOWOe oatoh~r oe~loph~ne” it is nec~s~ar:r

to know what fraotion of these fissions is oaught by the cellophane.

the cellophane is on the front surface of the .souroeplugs the total number of

fissions in the souroe

No

Where x is

in #’cn2 and A is the

is:

Jo ~ “

the distanoe into the source from

so-called ‘effec-hivedepth”. The

the oellopham expressed

integral is taken from

O ts uo beoause the depth of penetration of thermal neutrons into tho souroe is

so small that the source plug may be considered infiniteO

Beoause of the energy distribution of the incident neutrous~ X is

a slowly varying function of x~ Sinoe this funotion was unkxwwn A had to be

determined experimentally.

In plaae of the solid souroe plug, five small 25 disas were placed

in the souroe assembly. A cellophane oatoher -s inserted suooessively between

eaoh disc as shown in sketch belowQ This whole assembly was irradiated at the

end of the Cd corm a short time for each position of the oellopham.

25 di606

\\\
A I

1

1 2
+.-sourceplug

.—

c%
-Al holder

AIT ce~lophaneee$~~~. . . .
diso in positio?~ .; : .: : “.

●
●9 ●** ●** ..:.:..*●
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As the oatcher could be changed r~tpidlyoit waa possible to hold the

boiler at constant power throughout a oomplete 8eries0

~was obtained by numerical integration of the experimental ourve of

Xi/IO as a funotion of

cellophane at position

is the activity in any

gms/om2 of 259 where X. is twice the activity of the

1 (dnce it caught fraGments on one side only)~ and Ii

of the other positions

Fissions originating from the thermal neutron be!~mproduce fast

neutrons. A small percentage of these neutrons are captured within the souroe

plUg resulting in seuondary fissions. Since these seoondary fissions should

not count ae part of the source a oorreotion was mxde in the experimental

ouzzveto eliminate the3n0 t

The inaccuracies due to the fact that the cellophane oatohes some

fragments originating a finite distance on each side of its and due to the

thermal leakage out the sides of the souroe plugs have been neglected since

these errors are well within other exparimontal errorse

The final integration of the oorreotod experimental marve gave

.885 gms/@m2 for the effeative

peroent. Tim effective depth

2
was therefore .886 gins/cm0

depth in the dims of isotopio constitution 7&Ol

in the souroe (isotopic constitution ~0~ peroent)

. .

*
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Jk INTERl?lETATIO.iAND CALCULATIONS

Be~.o (+ene~a~ co~side~~~ionsa Throughout this report the multiplication of

an undercriticd system is defined a8 the ratio between the total number of
r

*

.
r

. .

v

nGutrons produoed in the system to the “numberof neutron8 produoed in the souruea

In the experiments described prcwiouslyo the souroe is represented by the

fission nwdxona emitted by the target button at tho center of the sphere when

thermal neutrons are absorbed by it~

and F~ the

emitted by

number of fissions taking

the source 3.sgiven!by

I.&t~ be the W=value for

mass of the sphere and Fm

Let ~ be the WValuo for thermal neutrons “

place in the souroe. The number of neutrons

(1)

the fast neutrons that produoe fissions through

the number of fissions taking place in the nwss

the

of

the

The

sphere. The number of neutrons prodwed in the system 3.s

%Fm (2)

multiplication as defined previously is the ratio of expression (2) to

expression (1)0 In the followingwe

Oa%ion M i8 given therefore by

The multiplication ratio

have a88umed that VT = ~. The mul!tipli.

d

(3)

obviously beoones infinite when the

8ysten i8 just cri+iaalo 1%8 value can be expressed approximately a8 a

funution of the ratio

radius. In the range

Oan be expressed with

1
ii

r/r@ of the actual radius of the 8phere to the critioal

of radii over which we have experimented the relationship

the following approximate formula:
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This em?irical relationship was obtained by calculating in terms of the
a

.
r

,.

r

Serbem theory the critical radii and the multiplication ratio for spheres tamped

both with uranium and tungsten sarbide tamperso Plotting Mversua r/re in a~~

these oases one finds that the points lie very closely on a single mrm

represented analytically by equation (~i)for the interval r/re from 0~ ti 1000

Four experlmemtewore performed with spheres having diameters ~f

approximately 3Q’jand 405 inches and with uranium and tungsten carbide tampers~

The spheres were a8sexsbledout of pieces of not identiosd isotopio con8titution0

A14@ some gaps were left due to the imperfeet fitting of the various pieoea and

of the oavity in the tampero Propcw averagea have been taken for den8ity and

isot0pic4 conatitutione The values used are aummar$zed in Table IXO

B-2. Caloulatione of F#F8 . In determining the number of fissions Fm and F8

taking plaoe in the mass of the sphere and in the souroeo the assumption wa8

made that the aotivity of the fission reooils is proportional to the numbrm @f

fi13aion60 Sinoe the fissions produced in the marls are due to the fast newbrona

and the fissionn in the souroe aro duo to thermal nwtronsa this assumption

may be

of the

values

ocmter

sligh%ly in errorO I?Q at~empt waa made to oorreot for this factioro

Let us indicate by Mand S the activities of

souroe aatcher correated for cadmium as described

found for h#S in the four cases investigated with

wore:
Vr$lue - &!&?Z
10057 for 3ati2” u

lol~o “ 34./2” W

09~8 N 4E1/2” u
●* .*....

the mass oatcher and

in Part &20

the source at

The

the
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From these values one mm calculate the ratio F~F8 by the following procedure

that we desoribe in detail for the ease of the 3.1/2° sphere and uranium tamper.,

Let f be the nwiber of fissions per unit mass. If a oatcbr of

area s 3.6 plaoed in front of the makerial its aotiv%%y will be proportional

to fs or in case that i’varies along the surface of thd cl+~cheroby the integral

Actiivity=
[
f ds (q)

●

The proportionality factor oan be omitted sinoe it vanishes in taking the ratio.

The number of fissions F~ taking place in the source is givenby

F~=f surface 0 depth (&om2) o area of souroe (6)

where f~Wfao@ indloates the mean value of f at the surface of the sourooo

The depth is determined by the depth of penetration of thermal neutrons. Its

2
value has been found (see Fart A-4) te be 0886 gins/em. ‘lheaotivity of

the souroe catcher is Liven on the other hand by

s it of= mask ratio surfaoe “ qrea of eourae (7)

where the msk ratio determined inA.3 is the factor by which the intensity

of the souroe eatoher is reduoed by the mask placed in front of it~ Xt3 valuea

are 22025 for the ~1/2” sphere and 10016for the &l\2” sphere. From (6)

and (7) WQ obtain

F= = mask ratio ~ depth o S = 22,2s 0 .886 0 S = 19.71S (8]

A further correction shouldbe applied in order to take into aooount the faot

that the sourae lcmes effectivenessbeoause of the hole that is necessary to

lead the thermal neutron beam on to it. The effeot of this hole is that
● 9 .0. ..*

some of the neutrons that aro emitted by the $&rO~ ~n ?~b;~&&l direetion
● e ●:0

●0 ●0: ●:0●0: ● 0. ● .
●

● 9*
● ● ●°:

●
9**

● ::’ ● mee
● * ●

● O.
● m. . .
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are aomplekely lost *O the system and the msti hit the material at a greater

distanoe from the center than they would in the ease of a solid sphereO Tho

Ioes of effeet%venesedue to both these happenings has been estimated using

the distribution iluwtion ~f the Ser~~ertheory and has been found to be .950

for the 3-3/2’~sphere and o$?& for the &l/2t’ sphereo Introducing suoh oorre~tion

factor we find for the effective value of F~ a restilt.930times smaller

F8(effeotive) =29~71x

The number of fissions

o$)s~s ~=18033S (9)

td.ciagplace in the mass is given by:

(M)

The aotivity of the ~8S catchers ia given on the other hand by%

J

R
M=G021t0 (335/360) [r/’R) rdr f(r) (11)

o

where the faotor 6 iS due to the fact that the oatchor had 6 surfaces oollootiug

recoilsO The factor (31#360)r/R represents the fraotion of the oatoher at the

distance r from the center that is not covered by the mask (see description of

the mask in Part A-2)G

A correction factor must be applied to take into account [a) the

fact that the wtchez? does not reach to tho center of the sphcu’e~(h) the fad

that the foils placed in front of thcoatcher had an isotopic ratio slightly

different from that of the mass of the sphwe~ and (o) the fact that the oatoher

foile bad a diameter slightly different frosathat of the sphere. The correction

factor amounts to 10078. We find

8*9 ● ● n.
● . ● ●-*

:
●

● 0 + :.

90 ●0: ●:0 ●00 ●:0 ● . ●
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●

● ●o.
●** ● ●

● ●°:
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● **
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Fro/M= oorreotion factor “ (1/3)(360/315)PR

= 1.0’780 (1/3)0 (3d319 ‘ 16092e 404.84

From (12) and (9) we obtain finally

(12)

= 31.17

A similar cal.oulationoan be carried out in the other three case80 The results

are summarized in column 5 of Table 11.

B-3. Calculation of the Critical MASS. ?he procedure followed in ctaloulating

the critioal mass is summarized in T~ble IIo The uncorrected oritioal r~dius

r. given in column 6 of the table iS calculated from the measured ~lues of

F#F~ given in column 5 and the aGtual values of the radius given in CO~Umn 20

making use of formula (~. Three corrections are apn)ied to the critical

radius as indicated in columns 7, 8a and 9. Thecorrection to infinite tamper
.

given in oolumn ~ has been calculated with the Serber theory by increasing the

effeotive absorption of the tamper in order to take into acoount the added

loss of neutrons due to the finite eizc of the tamper= The density and tsotopie

constitution oorreotion given in columns 8 and 9 have been calculated using the

relationship recommended by Oppemheimor

-104C-1.8oritiod ma66 N p [14)

where C is the fraotion of 25 in the aotive material. This formula ean bo

re-writtem in terms of the oritkal radius as follows:

@ritioal radiua w p
-.8 C-.6

The last ooluxm of the table gives thi?oritical mass i= grwua for pure 25

of density 1~ in an infinite tamper of uranium or tunfvs.tencarbide. There
●e ●0a

● * ●
● 0
●e.:

-: ● 00:
● 9,*

●

● ::
● * .

● 6-. ● 9**9 . ● ●*a
● .: ●:

●
●:.

● ** ●0: ●**.,
● 9* ● 9O

● ●*. ● ●*:
● ● e,

: ● ***●0: ● m*
● . .*. ..

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



r

,,

● ✎ ● ✎ ✎ ● ☛✎ ✎✎☛ ● m. . .
● ● *O

: ● 0 ::

-19- .:::: ;:”::
●00 ● ●00:04 ●0

is apparently some systematic error in the procedure because the oritioal

mas8 as calculated from the experiments with the 301/2” 8phCJr0i8 81ightly

lower than the critical mass

sphere for both tamperso We

larger-sized sphere are more

have therefore the following

calculated from experiments with tile&2/2ft

believes of courseO that the measurement with the

reliableO As a conclusion of the experiment we

values for the critical mass:

ta.mperO

.
r

uranium tamper .- 15c18 Kg.

tungsten carbide tamper.. 13.8 Kg.

!t’he8evaluea refer to 100 percent 25 of deneity 19 and to infinite

.
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TABLE 1.

Normal. Foils for Mass CatCheIT3 Souroo tat Center
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Souroe at Cater
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14720 15300
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15949 17171
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&822 2486Q
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(a]Source at edge
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335?’

bo5n

4G5”

b~’jn

12192

00542

W5@$

0.192

l.l~ti

0.581

00688

0.198

1.219

0.582

x.276

omt W

R

R/2

center

cinter

R

R/2

oentem’
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R

oentm

2’5

25

25

normal

25

25

25

normal!.

25

25

25

Cd. correction
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.917
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