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silverandgoldforfissionfragmntshasbeenmeasured,Theresults

are similarto thoseforalphaparticlesof 4.5Mevb
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VARIOUSN3BSTANOESFORFISSIONF’RAG?4EN!K!

SeveralInvestigations~ bothexperimentalandtheoretical,

with fiIO passageofuraniumfissionfragmentsthroughmatter
(1)

publishedin thepastfewyear~. Althoughtkse studiescover

thesub$ectgaxmdly, theydo not seemto haveespeciallyinvestigated

therelativestoppingpowersof’varioussubstancesforfissionfzagments.

Rdatflevestoppingpowers

investigationse.gOfor

itsmrthwbileto makea

determiningthicknemcorrections.We havethought

Eq3eciztl study of it.

Catcher=FoilActivitylkmimcnt

Two typesof experiments

a thin(0.085m#/Cm2)layerof U308

havebeenper~qxmd. In thefirst
-.

enrichcidiuL’~$anddepositedon a

type

jjl.ai.zi.numdiscwascoveredw55thvariousthicknessesof aluminumfoiztiOn

topof thealuminumfoilwe placeda thickcelluloidfoil. Thewholesystem

Y.UUJirmdiatedwithneutronsandtheSctivit+ywdueto therecoil.iugfismlon

collectedin thecelluloidfoilwas’measured.

Thedecaycurvesof thisactivitydo notshowmy significant

in theirformas a functionof thethicknessof aluminuminter=

pcxmd. The observationswerealwaysmadeninehoursaftertheend of the

ixmzdiatzton.

InFigure1 m showtheresultof theseexperiments.

(1) See e.g. W. E. b.nnb, ~@3. h.,~, 696
bibliographyandJ. Knipp andE. TeUm,

(1940)whichincludesalsoa
Phys.Jkv.,j& 659 (1941).
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If thefisoionfragmentshadallthesamerangeonewouldexpect

thatthecmrveofFigure1 wouldbe a straightline. Th3.sis easilyeeen

by consideringthefissionfragnen%sewlt%adwan elementof areadS in

theactivesurface(Figure2).

R

i 0[ \ 1
dS

F@ure 2

t

trajectories in air He with uniformdensitym

of radiusR (rangeof the fissionfragments).By

CWKWj.ngthe scmm witha substance of thicknesst suchthat,after

traversingit normally, Mm residualnnqgeis reducedfrom R toR - t,

thenumberof ftssionfragmentsemergingin airis alsoreducedin the

mm ra’tioandhencetheactivitycollectedisA =b (R - t),where b is

u mdi’ickwi dependingupontheccnditioasof irradiation,etc.

?he cuxweofFigure1 h nota straightlinebemuse thefission

frag)tmtsdo not haveall

straightlineandwhatis

&Na-Meringof tinefission

influence. FromFigure1

thesamerange. Eachrangezwpr%aentedgivesa

observedis thecompositecurve. The large

fragmentshasalsoprobablyaconsiderable

onemaytrytodeterminea mm rangeandan
.

.
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extrapolatedrangein ahminum,these

q

beingrespectively,2.2and3.9

Iug/cm2.It is howevarobviousthatsucha procedureis considerably

arbitrarysincethefissionfragmentsdo nothavea WXM’ormrange.

hniza+~--hamberh~eriment—. —..—.. -r..——

In thesecondseriesof experimentsthesamethinfoilof U3CJg

was coveredwithtkeabsorbersand introducedintoan ionizationchamber

filledwithnitrogen.Thedepthof theionizationchamberwas }..0cm and

elecijrong -WXWcol~e~~m The ionizationchamberwas connectedto a linear

tmplifhr whose amplificationandbiaswerekeptconstant.

Theapparatuswas testedwithpoloniumcoveredwithalminum

or goldfoilsand inFigure3 we showtheresultsof thesetestruns.

Becauseof thehomogeneityin energyof the Po alphas,we shouldthis
.

timereallyexpectthatMe numberof pulsesregistered~N, variesaccord-

ingto N = C-(11- %),in whichagain c dependson thebias,strengthof

thesource,etc. Figure3 showsthelineardependenceof N on Z, andby

comparingtheslopesof thetwocurves,foraluminumandgold,we findthat

therelativomassstopp~ngpoweris 2JP5. Thisis in excellentagreement
(2)

withtheaccep%d valueof 2.45. .

In therunswithuraniumfiss,ionfragments we cbtah thecurves

.

.
.

~i%%klitl~im 4. Fivetypesof &bsorbmswereused: aluminum,copper$

s~.lver$goldandalsocolkdion (approxims%lyCL2H17016NV),whichshould
.

notMi’ferverymuch In itsstoppingpropertiesfromair. InTableI we

summarizetheresults.Of eachpairof numbersin theTable,theupper

—.. — ..—..—.

(-”,G) See e.g. Livingstonandi3ethe,Rev.Mod.Phys.,z, 272, {1937).
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on9 is the thickness necessary *O stop a certain f~actionof thQfission

fragments and the lower one is itsra%ioto thethickness02 cLLuminum

havingthesamestoppingpcmw. Theseratiosdo not vqymch es a

fuxmtionoi’the thickness einplqmd, and inasmuch EMwe am ‘willing to

wmxtder them constant

Inl’abloXI

stoppingpowerand for

particles.

we may Spealcof a stop@ngpower.

we reportthersssstoppingpme~

comparisonthesimilernumberfor

.

w.@ the atomic

Xtmus% bebomeinmind Wit in this experhfmt fxmrhs mere

mgis$xmd only if thefiskionfragmentsspentenough SWMIIS2 raqy in

the ioniSatioIl chamber, ~e CZiXlkv@ a 2W@ @3ti&3iX? Of’ this qWTtity

by ccmparingtherangein aluminummeasuredin ‘ilmi’oil-Bact3v5.03yexperi-“

zents,(3.7mg/cm2),withthatmeasuredin

approximately2.9 mg/crn2. It thus appears

to spendapproximately’a residualrangeof

the chdxm experhents3

+Mdi the f3.sshn fragmenthas

the

cknbw in orderto be registeredon ourapparatus.

biasso as to caun%only larger pikes, the apparent

the mrious substances increases,as to km expected,

Tfiw Ancmaee the

stoppingpomr of

‘M2 ve have oboemed

that therakioabetwsenthestoppingpowersof’varionssubstances stay

practically constant. To g55ve a% leasta qualitativeideaof themagni-

fn2fk3of this ex?fatm point out that in taking the dataof

binsof 10 millivoltswasused,whosepositiontithrespect

forfissionfragmmntscanbe sseninFigure5. If we usea

nillivolts~Se. twicethepreviousone,we obtaina figure

Figure ba

to theplateau

biasof20

Simil.az’to

.

.
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I?rfiictionof
fiss:lonfragmwlts
absorbedin lsyer

.0

.10

020

030

.40

,,50

.6o

.70

.80

.90

—. — ..

...———— . ..4—OF

Thicknessof kyem in mgy%n?

&,im3d3.orA
..—.-.. -$Br.-

0.21
1.6

0.22
1064

0.32
1.69

o.@
1.72

0.54
1.67

0.64
1.72

0.74
1.84

0.91
1..’78

1.23
1.6?

(2.10)
(1”38)

..—. -G-

—.

Al
...—

0.1.8

0.36

0054

0.?2

0.90

1.10

1.36

1.63

2006

(2.90)

-—---..s

Cu
.-—=C .

0.2$
0.64

0.56
0.64

0.82
0.66

1.10
0.66

~e~~
0.66

M%
0.66

2.0
0.6E!

2.34.
0.69

2.~5
0.72

(4@lo)
(0.71)

J@

.-... c.==: -es

0.33
0.55

0068
0.53

0.9$
0.55

1.30
0.55

2.62
0.55

1.96
0,56

2.33
0.58

2.75
0.59

3039
0061

[4.80)
(0.60)

.—.....-—

Au

0.30

1.6s
0.32

2.20 “
0.33

2.78
0.34

3.34
0.33

3.94
0.35.,

4.65
0.35

507
0.36 ‘

(900)
(0’/$2)

.
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?%3ssStoppingpower

“~
*(4.66 L%V)

l.–.––

f

1.38

1

1.70

1 1

0.69 0.66

(3.51 0.55

0.36 0.34

p— -——..-

CL(4.66 Mar)
.—

-9..

1

1059

2.04

2.62

— —--

=.—

f

-.—-

-am-

2“

1.52

2.20

2.48

-m

we can Obtdrlthe em? points of the

by adding to the lastthickneesof 1%.bleI the

dividedby thenassstoppingpowr reh%ive to

coXMMon 41 &l Ag Au u

variousabsorp%ioacurves

quanti$yo.8mg/ol#

aluminum. Thisgives:

u30g

2“6 3.? 5.2 6.1 11.14 (12.6) (’(a m@n2

These mmbers area little uncertdn becauseboththeapparent end points

Om?ly kaom. V?ehavegiven also +&e calculatedvaluesforuraniumand
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U308because theyare

Theatomic

be representedby the

p8Z’t~CUk’ly important.

stoppingpower S as a functionof Z can roughly
f9$

%$
V
,2 :az

Silverandeol.lodiondepartfromthisformulaconsiderably.The reason

forCOIIOMODis mostprobablythepresenceof hydrcgenwhichis expected

to be anoma30ua,and thereasonforsilveris no%

possiblethatthedffferentdegreeof homogeneity

foilsaffectsthe precisionof themeasurements.

kiown. Zt is quite

of thethiCkneSS Of the

A furthercheck,of.’ practical interest$on thesemeasuremmta

isaffordedby thefollowingexperiment.A thickpieceof uraniumfoilof

J.CM2surfaceis placedagainsta collulofdfoiland exposedto neutroD.8.

The recoil activity is thenmeasuredand compared

collectedon celluloidfroma mass m ofuranium

andexposedto thesameneutronflux. We findby

of thickuraniumis equivalentto 4.? mg of thinuranium.

This relktion cm be cal.cukted dao

in Figure 1 by therelatiwmassstoppingpower

tO uyani.m (3e4) and.integratingthecUPveO In

CR*of thickuraniumshouldgtveas manyactive

~ multiplyingtheabscissae

of aluminumwithrespect

thisWSyWJ findthat1

recoilatonsao 4.6 mg

of’th3.nuraniumin agreementwiththeexperimentquotedabove.

“

.

(3) Cf.Rutherford,ChadwickandRilis- Radiationfrom%.dioactlve
Substance, page99 andfollowing.
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