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Introduce '-on

It la usual to determine the density of neutrons by uainc foils 
of metals which become radioactive as a result of bccbardmsnt in the 
region under investigation. Fran Vu rat« Qf disintegration pf the newly 
ggnMnUrj**Iff****-*” element the mxa&nr of neutrons absorber can be cal- fc- 
cu) at art By use gf the capture arc i J saction of t.;e element QI jguic:
the foil Is cmyosort the density of the neutrons eon then be computed.

t>rtn|n difficulties are unco Altered In such a ->rocodure. The 
principal of these is that moot elsovnts are converted into radioactive 
substances which «it beta ray3 as a result of the capture of neutrons. 
Therefore, the number of disinte?:rat'.on3<=ust be evil xatod by deter- 
nlninr the rate of maission of the nuclear beta rays at various inter­
vals after exposure to deutrons. T'ls in *ani isually requires the use 
of thin-walled Geirer-S Hiller counters in a definitely detcroinaLle and 
reproducible f-oonotry. Further.Toro, ttio efficlrngx. ..thvaa counters 
for the beta rays must be deturr4neb and laintained constant. Therefor©, 
tKe-equipment must be recalibrated a: fre-uent intervals which rooulree 
considerable tine and care to yield reliable results.

\J>en tno use of radioactive foils is extended to neutron densities 
of the order expected at > an additional nroblma arises fr> « the fact 
that sost elements suitable for such lolls have a captye cross xsUan 
inconveniently larpe. Even for very short exposures of the mtallest 
or act 1 cubic amounts frora the standpoint of .ccurute deter linution? re­
sults in activities too Lar.-e for measurement by usual methods.

Therefore, for detector foils at W an element would be preferable 
hag a low capture cross section for oilc.jcuLrPtia anrt di left decays 

fay ths ts-dewlon of alTbo radiation. This is particularly advantageous 
in vie*, of the f Mt that procedures are already available for count in 
alpha oarticlee with c one!deruble acourecy and Ln a definitely Known and 
reoroducible reoastry. _Jn ths use at an element emit tin- alpha rays no 
uncertainty rejardin’ the efifocte of c aversion electrons and larxaa radla- 
€Ton is encountered.

Fortunately, in the reaction
gjBl209 ♦ n — fejBl21°

me urro at hand a convenient means of securln- on alpha-mjittlnr. detector 
foil with a les* eaoture crosa-soctlon. la the well-xnf»oof

fwMun sarise which dialMtseJTWtWff W *-
which decays e»tlttln(^l|^>a «^m«
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The eor.*eepondin.~ half value periodo are

Application of acponcntlal U*j

«2* <*)

S <0

of the rwulruns 
iaat accurately

li — 1.61 x W

RaE  4.97 5 days
Po •> 139-5 days

In usinr blarsuth. as a ncnitor the oteaervationa coulat In count in 
the alpha oartidea at definite intervals after exposure to noULror.s for 
a cio-n wipht of bismuth in a foil sufficiently tldn trust practically 
all particles emitted in the forward direction arc recorded. Procs the 
lecay const-nt this civ os the nuntcr of Pc ata - orcsent in the foil at 
these inter als. Ey application of the urjal axo n'rnti-1 Laws for radio­
active truces formations we have for t "■ tirse after benbardraent

These periods offer an additional convenience in tluit for the st«ort 
tinea of exposure required at w to activate blejutu the exposure tint 
can be ncrlocted tn the wonri'v' for thr avpnpeHtiul growth aaC do- 
e *y of the rtaE and Po, which simllfiee the cor stations.

The ref or o, fry <™u- t fmn g bltrauth foil
of <<no»«fi_xelidit.aft^r axpoauxx tc JOEutrona the density < 
which produced tni- activity can be calcnlated. The le. 
<no-n value which enters lnu>tM« evaluation is the capture cross-sec­
tion of bisruth fur pile neutrons. Tni- value my be irjnraved by future 
measurements. It is of importance only for absolute aeasurecEents of 
neutron density so that relative values can be oeasored with considerable 
accuracy on the basis of Xr»o-n data.

tion for blssuth is r-—0.016 x 10-24 cm. Parthemore, the decay constants 
of RaE and Po are nulte accurately known from many neaaurwraerits on the natural 
fora of these elements. The values arc

• hen, w 
to within

(RaE) — 1.61 x LO”6 sec-1 • 
>a (Po) - 5.57 x 1C~® see'1

A to i 
^1 “ <*2 

*s in the present cate, 1 - e “ Alto 
L2_j the 1 inlts of tt«e roiulrcd accuracy^

(• "-2t - « -***)

to and 1 - -t©
In the above ex;>r»?s31on

^’l
5.57 x 1D^ sec”1
nuraber of Po store at tloe t after 
boabardsent

t© * duration of boabardueat
A "" neutron flux absorbed per unit 

weight of 31.

u
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Sputtering of Bis-wth Folia

The urr_n Tenant frw ajMtt<5l;y to°fit
doss l’«U J-r -bout *!«• Ln 1U cter (F) is ^ro«svi to fit 

‘ , This Joint, la lubrlc-loe -Lt - 3to>-aoc* ^reuac
plans tube J — ith «• je ntr —1 -ire La >c—ic 

le—* __
1-as uni aid ( J) -

24FC I. * I
_ _ju»y iron iiak V-). 
to rcr it real- re ©*-1. ~ ——— — - ------- --throu h Vc iron nlate oa «*io-n to nrovi ja - !•-- -nJ au ; <ort for 
bi» uti c-tho>h» .hid U covered on top by - *** 13 '
section to a Canoe ociwniei-1 pa? la •TjTVXi led at
inelooum.. a roctifioa hi* r±±Z.TS! ITteie^ce- 
B with the »ositive tanli-1 rounded. The iron ilata serves oa 
!a2e -.4 la -rounOa‘ through - -U- na :wtcr ut . U rwl a n.ttarla 
curr.

tn* araatia in the form

-Ajt » o"*^J

Pran-r-tlx. of 3iociut-~. _L22i2

For efficient use it la ooair-bla to IxsMS Uytr» oCJftllQ^h-1* ( 
,_.it for Uus ulpU- H*rtxcloo, aajr not over to 1

SnSo Thia aloe rarfucea the rclutlva mcabor of bat* raye froa 
ti^Raft! Foils of blaouth of this title cneaa -*re vary ►>.
r.:ob> rollin’ or ectruaion -m the .wctoonleal woportica of bl - 
I^o a£h tl -t Uwy -null be a.rr fr^ila 
honrilod o^llv. T.Ja difficulty can bo of thJ
aa a thjn '• ^rtMT ' Fortun-taly birouth ^a one « «»

T\* Lb 'hl r4i' ewi bede^osi to I rooJiljr by cutho *lc aputterln- *Jr- 
Tba deposit conoa down sa - bri *t th7\kla.-inw» e-*n

bo sy-w .ary thin, .004.- »r leas, !■ I r. 
2./ :u mt; huV Ilf. t!w -luni^ ^S?**

o’ Uur -Iph- juJ-tlclea a fa- hour- alter “ *»■* a*e——. —
£ua Jas iweaU onk' ©acw so them -a na tGudoa^ j oulU jiO_ <k 
^riod -ntivtty Ln tl*e ;»lu.iinu s.

(•

- i plotted for v-rloua values oft. J**1* 
'for co..nutin fro- the vaiisoo of !l>'(t). the 

to. r^in, VMS v-lue f.>r t© tKe values of 
tiunber of etw a Lr. - rj*O of tLarwtn, can

N -o bare

t. ~ >1 _
, >1 -Jft

th# values ©f M^*t/a tojnay ba
provl tea » roair* i*®*s
eorre anon, Jin »«!»©• of

ecr-pvtodT Intro hscinr. nuawrieni values for

_,.. . -u'-m 
nv to L.6>1



This position was

5 o

Ths bisrs*th deooeits were borabarded for varyln- oeriod. k to U 
hours in slot 962 at tho eenter of ths pile at X. This position* was 
chosen to rive ths soxirasa flux and to secure a uniform region -J bare a 
-nrtxrr of dsooslts of different wel-hts could be eaoosed simultaneously. 
Ths power levels were of the order of 1O00 fa* *lttl > ,flgt..^L_^*'<y^er 
of « x IO5 per sec per watt. Under those condi tiena^ogCTSA MW Y V* 
£ rates fr alpha particle counting In fpilo
welrhlnr free 2 to 1 nc- ssw<sw«"s>esvss»sss|»>w«»--»*''

Since in spot taring. the motel la detached free the cathode by boa- 
bardmnt with positive ions and then diffuses as an uacharred metallic 
vaoor dopes 1 tier on nearby objects it is convenient to mount ths aluminum 
foils in a vertical plans so that four or acre can be deposited siail-

arc Laid over these holos and clorpod in position by screwinc ** 
the cover plates C as who-®. This aseesbly la then mounted boxoath the 
cathode as shown in Figure 1. The 3/6- dimeter for the hols was chosen 
t© rive a circular deposit ahiefa could be centered on an wluralnua fell 
12 mb square. Tills dlrension was in turn c.-oeen for insertion In the 1/2 
di one ter foil tube at

The pressure of air in the sputterin - Jar was not eeasured chiefly 
because It lies in a region where BWMuiurensnt is not easy. To provide 
mifora conditions for deposition of bismuth and to prevent caltlrv; the 
bisrnth cathode the following procedure was adopted. Tne pressure was 
adlint^d by moans of on adjustable laat co tiwt with continuous o/*c ration 
of the Cenco pump a currant of 3 as was maintained steadily at a constant 
voltace of 2200 volts. This /-eve a cathode dsrtr space of several centi- 
actors and yielded a fairly r«e4<

It is of Interest that under these conditions Ihf <gount of bj»- 
mxth deposited, as expected, is lulto accurately proportionaltMJUv* tine 
of nr- This was tested by deposit!nr films for 2, k and B hours
with the results shown in Figure J. In fort with a nore refined recula— 
tin© of the pressure line the aoteeahat crude arranretant used, a pinch 
cock on a rubber tube, the weiftfit of blsmth can be deter-.ihed to a few 
percent frws the tine once a definite arranc*^*- b" '
The weight of all deposits used in the present work were deter-jlned by 
weichinr of the inoxvldual folia before an J after deoositlor..
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results of the countinr are

K2*t3t. ■£.Foil Ko.

1.06X1O12

jS dT 7

A to from 
alpha count

21
22
46
25

amplifier and sealin' circuit. JE£ffil_10fOOO to 
— ■ --- - rttlstical 

of the folia werealso

A to from 
pile data

0.795 
1.006 
2.183 
2.941

30.31
30.21

29.67
28.16

Table I
Alpha count 
per tag ocr 
see at t — 
6.2&xlO^aec

1.7OX1O12

Count in' of Alpha ^urtlclca

^F«- individual ion pulsea were counted in the usual 
TiOy^w Of linear esgsLifLar and sealin' circuit. Jr» SrfSrl?. TSo oSo ^2nta .ere record for each observation to ,'ive a saUsllcal

">rf.r or va. -n- -WU ST II- fix e..
n^aaured within the sane Xlnlt of accuracy.

shoxn in Table I.

Unfortunately the flux La apt fl»« ®^iclent^ 1“

x: s: s-XuSr-avi.
g*:; ~x&ru’ 

would yield the same value for the flu*.
desalt* were oreoared in t^oups of LC or 12 and mounted in 

. <.Mo.lo.-A~. .trtp -1W •« ••’ T

hrn iHry within a reasonable time after eat secure.

Tho ratio of the values of At* as computed fro=. co^
and froa the value of the flux in the pile and exposure time, 
blnod with t.'< value for the cross section of bisxutfc equals 1.1 Ln .. 
blned witn rne axu- .i-ilar sets of observation yields 1.55 forT^irSicft« tiUwr that th. croes section for bla=«th La
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1 The rgestlQA o£ gbsululc valnas cumw* La jclYfld until «£t care- 
nwutrons'^ST’tCailat-le/ Since It is apparent that this elmaent ean bi 

quite useful Ln measurements of hij’h densities of neutron flux • reue- 
temlnation of cross section for bismuth —oula be of value. T1W fftfclo?1* 
that blmwtih useful for rwrTruiar ler- crg»r_ section^ al«o
creates difficulties ifl ltS ate —asurenert^—Perhaps W ratg^ of 
productlor. of poloniur. dctcrained bycIiS£[c*l separation and -elchlnr, 
*toen exposed to hlrh Intensities nf pile neutrons -ould filve a better 
value.

a corablnat ion of these cireunstances. The cenerxl a,* re ament of the 
ratios for several series of observations cates that blsnuth foils 
can be reliejl jmlXqe JTS1stive values.

Foil Holders for ..

For effective use of these blsnuth foils in the pile at •. a holder 
-w«t he available for Inserting then into the pile which when raw««d 
will not constitute a serious physio la, leal haaard. At X «oo’ strip* 
could bo used but thaws amHd be far too active for safe use at .;. A 
further Important aonslderatian io that it Is desirable to seep the bls— 

fhtlsJbjAsgLJUPO^C to urevent cxidtt Ion, In any ease they could not 
be twrrAttcd tSrsnBii tbe w>ltiac-Pftj^' Since

iriisfur— 1* excess of 200° are not improbable tn the foil tubes at 
Is evident that water ooollnc 1» desirable.

Inert and blasutb both have lo» capture croc 3_3 ectlor p and pfqguce 
wible seams radiation as a result of neutron r,«t^rd.xal. There­

fore /an alloy of those t-o metals fomod into tubing to fit tbs holes 
nhnrJd asiTSFarfiw^^Arrt <ya oonsrda purity alloy of 20» 
Bi and 8Ot load, huvin,’ quite pood •aechunical oropertles, has been prepared. 
This alloy welts at about 2X0°C, is readily malleable, and sufficiently rl <d 
•hen extruded as a pipe 1/2* 0.0. and ap roxlraately Iflb* wall thickness. 
Sunploa have been exposed In the pile at X and fc und to shoe a gsmaut 
radiation decaying as shown xn flare 5- Thia radiation is relatively 
soft as well as of low intensity. A lead filter 1/2- thick reduces it 
practically to aero us indicated in Fi.-xsre 6. yrder these co r^’it ions 
protection mast be provided for personnel only pyi-MB rslatlvoXjr latonse 
beta rsrtlMtion~pri»SF IrrediutoTy After r. oval fro: the pile. This can 
be accompli shod by an ordinary lro« Pl<x shield, after • fe- hours the 
beta rays will have decayed sufficiently to permit removal of the bissaxth 
for counting.

In Fl sure 5 a drusln.-: of a nodal foil holder conetructeo fro* tliis 
alloy. It is dsairned to fit in the 1/2'* ■* foil tube. To protect the 
bi MU th foils the tube la cut to the aluneter ut intervals and a flat 
oortion soldered in place to provide a level aret 1/2" wiue and 2 or 3 
inches lone to receive the bisruth fulls. A solder of half and hull bls- 
cuth and lead is very useful for this puroooe elr.ee it melts at about 15 *C



and parts oan b«

Z<53 s a

position and 
of alunlnun, .*~w , ------------
ratnum fol ,• -hich carry the 
sided at each end to ,^o i—

L.x.rt.ub. vt- o.n. «•»«--■ *££* u» i-«u.
of the asser-bly. Son1- ® , ^fce u wralt foil holdsre to te ine-rted

n,tt~r,a "£J. rrii^bilouo u~i' u • rl“ “•“E/—“ 
nental various distances fror the esntor o. . pil .

7 is a photorranh of the .soda! sho-lrv a t L.-~th fo*1 1" 
.~^tZd rolls bealds it. To hold the foils a thin strip 

SSed ip at the ed.^s to retain th. eqo-re alu- 
.001 , is dWxl of bl. ^th. Sars *re pro-

ursler the stirrups provx *»d to receive than.

▼ « be well to point out that oo the buais oi theIn conclusion it -ellto poxr^^ ^>_Bi alloy tab<
■r»-- ray of^Z^oxlnataly ip-odlately or. re-

u. U- —
h*vlor could be expected at S.
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co.

pil* at X.

center of the pil*.

each other.

3 gO

on the origin 

few rsasurwrente hare node of thia ratio. 

Lined in the orevioua report, the ratio of oapturec were deter-Lned by 

counting the polonium aloha partidea from each of two seta of follaj 

one protected the other bare, when ■aye a art to pile neutrons.

——»mi»..... .

Ttala was at done in the pile at X in slot fht Aich treveruee the 

The distribution of neutron intensity in thia slot 

is syreuetrioal -ith -aspect to the center and chan-ee slowly over a con­

siderable length near the center. Therefore, the teo cote of foils ears 

noonted on a wood slat and -ere aeparated a Untunes of XS inohsr fron 

Ths wood slat was than poshed into the pile ant11 the mid­

point between the seta of foils ana at the center of the pile. Thia gave

•to-evor, it La rowdily poeaiblo to dotorulne the cadalun ratio fnr 

biarxath by exposine foils protected by oadolm and unoowcred foils 

ainultanaously to the sane intensity of neutrons In the pile. Since 

infornaticn on this ratio id aa yet lacking and dees throw aons light 

of the discrepancy in the value for the cross section, a 

Folloain* tbs sethod out-

a rcvunt report <G'-lb*o^ deecrxbln- an exploration of the useful­

ness of bisr»th aa a monitor for the 2 pile it has boon shown by tbs 

author that the capture crocs section of blsnsth for pile nsotrons is 

approxiMtely 5CX larger than the usually accepted value of 0.016 x 

Accurate determination of the value was not possible under 

conditions existing at the tine the bismuth folia were curnscd in tbs 

u ..................... .



0-230 
O.2M 
0.210 
0.22?

Three results shoe that .>a«t 23S of the Mptw in hieuMth for pile

*>•- sufficient da -«'»• ‘ 0.9 <unneutron are -ue to those with 4M

J?5^

- 3 -

equal InVenoltlce cf noutrons anl prevented arty narxed disturbance 

of tbs tWBtrcn lot.anally at the position of the bar* folia by the 

presence of the ced'd ust eoverin • the other act.

To Improve the accuracy of the aasurc.ant and pen alt the elinln&tion 

of the effect of the aelf-absorption of alpha particles in the foils.

which varied free about 1 to 5 w. per eq. ecu, several folia of different

The alpha particlesweights and wo aaaao area ecru indujod In each net.

from th see foils sere counted in a usual alpha ray ehartber with linear 

proalAwtely 1000 kw.

1 typical alpha-ray countin  •- curve is shown in Flcure 1 where the counts 

per a*, per sec. uro shorn In relation to the ~elriit of the foil for tec

The upper curve la for b^rs, the lo-or for the eadnluBseta of fed.la.

The Bumiry of Che five seta la riven In Table 1.

aanllfier. Five seta of folia were expooed and counted in thia »ay.

The total exposure for each set varied between 12 and 24 hours at ap- 

r
<
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are In of tbwnal. The value of ttala

ratio done not aeoount for the narnltude of the dlecrepancy obaerved 

in the value for tba croeo aection when aeeualrv: that the value of

The reunite0.016 la baaed entirely oe neutrwie with thermal ener^iea.

reported hero shoe that e^ltbamal oaptore doea ad at end Indlealea Ita

iMiM

cadaiaa end, therefore.



g t

UNCLASSIFIED

20

17.9
4

0.229

FiG. 1

5 —

*

l
O mg

I
3

o
ex

tn ** 
c: 
3 
O 
O

<x
o» 
6

Cadmium
>----------q—

Qor e

u 15 — 
m

Covered 
t9-----------—

5 io — 
ex

1 L__
• 2

Weigh! of Bismuth
UNCLASSIFIED

_ ________

■

I


