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produo~ by 810wend by fmk neutronswere compared~ Energy-ts determind

by usinga tczv4umne3 amplitudeMxwrimina%orto ana2~zep~.OWJSfroma

Frisoh-grid ionizationt.heknbereNo differencewas foundoutsidethe experi-

mentalerror. The energydistributim of the fragmentsfrom thorium fissl~:Q

was also determined.The Izigh-ezkergytailsof the distributionswere
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A considerablenumberof experimentshivebeen performedin

whichthe PrtiSry

in the fissionof

tweenthe fissi.on

whiohare in good

objectiveswere to measurethe kineticenergyliberated

U and to determinehow this energyis distributedbe-

fragslentso
~+)

Of all thesestudies,the mly ones

agreementon the detailsof the energydistributionof

the fissionfragmentsare thoseof Jentschkeand Deutsch.

In virtuallyall of the investigationsmede to date,wherethe

energiesof the individual fissionfragmentswere determined,the experi-

mental.procedureinvolvedthe photographingand subsequentmeasuringof

the ionizationpulsesproducedby the fissionfrqgnents- a procedure

w’hichnecessarilylimitsthe statisticalaccuracyof the results.

.—
Deutsch,LWW3.

E. W?olley,CN--M4O.

H. !@nners.ndF. k!.13arechal.1,Phys.Rev. 57, 372 (1%0) ~

Jentschke,?eit.fur Phyaik1205 MS (1943).

??lsmmerefeld,9eit.fur PhysikMO, &50 (1%3).

Jentschkeand 1?.Prarkl,Phys.Zeits940, ‘?06 (2939) ~

V. Droste,Naturwbs 2?, 1% (1939)0
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We presentinvestigationwas undertakenfor threereasons:

(1) TO obtainthe energydistributioncurvefor

fra~inentsfrom #35 by the use of an electronicmethodfor

countingthe ionizationpulsesproducedby thesefragments

tion chamber;

the fission

meaeuringand

in M ioniza-

(2) ‘k determinewh.etherthe energydifiibukion curveis a

functionof incidentneutronenergy;

(3) To

any indicationof

dividedinto more

3xwestigatethe high-energyportionof the curvefor

additionalpeakswhichone might expectif someatoms

than two fragments.

Item (2) haa been
12) Ho

for isotope92, 237.

in the high-energypeakwas

v;henthe fissionwas producedby

500 WV, 720Kev, end900 Kev.

2. lm’mwmT.4L ‘!ETHOD

The methodused in the

investigatedto a certainextentby D. Frisoh

foundthat the distributionof the fragments
.

the sameto the accuracyof his measurements

neutronsof threedifferentenergies:

presentexperimentswas fundamentally

the sameas thatused in precedingexperiments;namclyatbe Cc?mp=isonof

the ionizationproducedby the individualfisei.onfragmentswith the

ionizationproducedby ‘%-particlesof knownenergy.

The ionizationchamber,Fig. 1, was of the electron-collection

type. ‘Thesoreen,which shieldsthe collectingelectrodefrom the positive

12) D. H. Frlach,‘LAW’-#~.”O~“~” . . ,Oo● ,0,
UNC!JUSHVEJ!I

‘“; “;: ““W:”
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ions$was made of #36 parallelcopperwiresspaced1.5 mm apart. The

high-voltageelectrcdewas kept et 21$Klvolts whilethe screenwas kept at

1050volbs~ Thismade the fieldbetweenthe screenand collectingelec-

trodeslip~tlyhigherthan the fieldoutsidethe

vias desirablein orderto insurethet.thescreen

electrons.

In order to obtainthe energyspectrum

soreen. However,this

capturea minimumof

of the fissionfragments,

the chamberwas filledwith argonto a pressureof 232 cm rig. This

pressurewas morethen sufficientto stopthe higheskenergyfission

fragmentsbeforethey reachedthe grid. The gas was continuouslypurified

by circulatingit over calciummetal at 300° C. Alsofor the sakeof

purity,the only organicmaterialinsidethe counterconsistedef several

rubberwasherswhichexposedvery littlesurfaceto the gas in the chamber.

The saturationvoltagefor the ionizationchsrnberwas established

by determiningthe positionof the energypeaksof the fissionfragment

energyspectrumas a functionof voltage. %en a voltagewas reachedabove

whichthe posVGionof the peak no longershifted,it was assumedthat the

chamberwas saturated.The counterwas operated-500 voltsabovethe

saturationvoltage.

The recordingequipmentconsistedof a 10-channeldiscri.minator$

each channelhavingsuoh a widthas to acceptpulsesover a rangeof F<O,$

?Jevfor the ampltficationused~It wae possibleto shiftthe blaa of all

‘khechannuleby the sameamountso that the entireenergyspectrumcuuld

i>eobtained,9 pointeat a time. The channelwidthshad a tendencyto

(m.ft ~ 5 PmXnt over$peri?$~~”::”:?~i-:’:l”:~:~+~~;:hct much of thi8 error
● 0 ●●: ●

● .
::... Q:

w~.sellninatpflby cdibratir~~oi?!,ts~l!us;.~s~:~q.~~severy~ minutes. L*:X$
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checkcouldalways

resultof the fact

channels1, 2, and

9 of the preceding

be had on the effectivenessof th5.sproccxiureas a

that whenthe bias on the chamberwas shifted,

3 ontho new positionova’lappedchannels7: S, and

sett5.ng.!WM everythingoperatedproperlythe over-

Mq.@rig

channel

waa fed

channelsgavevalueswithin~ 3 pmcent of eachOther. The 1.O-

discriminatorwas fed by a %odel 100ttamplifier,whiobin turn

by a ‘~modelM@ pre-ampadjoiningthe ionizationchwdx!m. The

so-called!’mctdeJ.MY’ amplifierwas stabilizedby inversefeed-backand

had a rim timeof ~05#Sc Insteadof using anl:.C.clippingcircuit

at the Inputof the am~lifier,the incomingpulse;Yasreducedto l/5 its

oizeafter9~s, stepfashion:by superimposingon tM.8 signalits in-

versereflection.This wss ~ccomplisheciby usinga shorteddelayline.

Tine9/s clippingtime appearedto be aboutthreetimesaa greatas the

electroncollectiontime. The amplifierand MI-channeldiscriminatorwas

$hownto be llnear:by use of a precisionpulner,tO within~ ~ pmmnto

The neutronsourceused for these

c!yclotronjusing the Be9(d,n)B10reaction.

ments,the counterwas shieldedby 9 inches

by 23 inchesof paraffinon the sidefacing

experimentswas the Los !,lamos

For the “slowl’neutronexperi-

of paraffinon tw sidesand

the target(thefourthsldc

facedthe cyclotronwatartanks), Therewas also4 inchesof paraffin

sbcvethe counterand 4 inchesbelow it. For irradiationby l~fastt;

neutrons,the counterwas surroundedby a layerof Cd$ then by 4 inches
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numberof fissionsfor an qtivalent beam MxwMty was determined.From

the knowncross-sectionsof 25 and 26 and from the known amountsof active

materialon the foils,one can arriveat a rough approximationof the

energydistributionof the incidentneutronso It

mately10 percentof the ‘~fast[lflux is comprised

ancrgiesin excessof 1 ?W whilevery few of the

of lessthan NOO ev.

The determinationof the energyof the

termsof the ionizationproducedwas wade on the

turnsout that approxi-

of-na@ronshaving

remainderhave energies

fissionfragments

assumptionthat4

in

-P=-

ticlesexpendths sameenergyIn producingan ion p air as do the fission

,fragmentsoIn orderto determinethe ionizationproducedbydx alpha

particles,it was necessaryto inoreasethe pressurein the chamber,by

the additionof argonsto 290 cm Hg so as to stop all the alphasbefore

theyreachedthe grid (thefissionfragmentenergyspectrumwas checked

at this pressurewithno resultingchangein the positionof the peaks).

The ratioof the pulsesizesdue to the fissionfragments,

●. pointsof the energyspectrumourve,to the pulse sizedue

alphaswas establishedbycalibratingthe amplifierand 10

criminatorwith a -precisionpulser.

at various

to t!’leU234

channeldia-

The widthat hti--maximmof the A -particledistribution,

Fig. 3, servesas a measureof the resolutionof the ieniza%ionchtier.

The noiselevel,due to the ionizationnoisaand amplifiernoise,was

equ~valen%to a particleenergyof O.h l.fsv(thebest previGuswork was
● ☛ ● ☛✘ ● O.-

doneby Deutsch}Yhohad a n~i~~o~~’~+~&&@.+iiding to a particleenergy
9*

●0 ●0:●:0●O: ●0...
of 105 WV).

●*.● .
::; ‘: ●AQ● ● ●**

c ●*.
●

●:: ●::0● 0:
9*.** ● 9.

● 9. . .
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Two foiloof 94 percent u
235 wore investigated* Thesewere

mountedon IO-MI platinumand contained0.332mg and 0.19 mg of metal

uni.fordyd%8trNmted over 3.14 CIE2and 7.07 On*, respectively.The foils

ttere madeby Group CMR-f+$using th8 ~apontechniquee

‘Thereasonfor investigatingtwo foilsof clifferentthicknesses

wa~~to attemptto obtaindatawhichwould aid in correctingfor the finite

thicknessof the foil. Jevrhchkecalculatedthatfor a foil thicknessof

O.O&mg/cm~one Mev shouldbe addedto the ermrgiesof the Wht and he~.v

fragments, Sincethis thicknessof foil is slightlygreater‘thanthe thick-

ness of our thinfoil, it would seemthat sucha correctionwouldbe in

orderfar our data,exceptfor the fact that in our case almosthalf of’

this errorie compenawbedby the encxgy10s8of tbe alphaparticlesused

for calibration.TM-s wouldleavea correctionof slightlymore thanO.5

WV to be addedto the energyof the lightand heavytiagmentsand this is

wci!ll.withinthe experimentalerror. It is theratorenot surprisingthat

no differencecan be detected

nosses0.026mg/om2and O.106

fficoncerned.

3. RSWXQ

Characterieti.csets

distributionas a functionof

&u~eplottsd.inFigs.k and 5.

betweenthe curvesfor the foilsof thick-

mg/cm2as far as thepoeitionof the peaks

of determinationsof the fissionfragment

energyfor IIsIowI{and for ‘Waatiflneutrons

As a chockon these curves, ib

minedthatthe area under eachof the two peaksin each ourve

to within4 percent. TableIe~~~sxc~sthe resultsgivenhere
9 ●..:: ●

: ●°0:.v&hlespreviouslyobtiaincid.: : ●: . .: . .:
●a ●** ●*O ●*-●:0 ● * ●

2 i-

●
**

●

:.*
:

● ●0: .:

was detmr-

WW3 the same

with the best
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There seemsto be no significant&f ferencesbetweenthe curves

for ‘tfastt’and for ~’SIOWI$neutrcw, althoughthe nd.ninumin the caseof

the ‘Ifastf~ncutroneappearsto be -u 1.5 percenthigherthan the minimum

in the case of the “slow”neutrons.

No extrapeaksare discerniblein the high-energyregionfor.

fast or fov slow neutrons. In orderto checkthis conclusionfor high-

energyneutrons(up to 26 MN), a XA target,made by StanleyHall,was

m.tbstitutmdfor the Be targetat one stageof the experiment- the curve

stillshowedno signsof extrapeaks. The data permit one to conclude

that if certain atom breskup intomore than two fragments,thisphenomenon

occurslesefrequent@ than Once in 1~ fiaeicma o

The en~my dietii~@iGn Of the fissj.onfragmentsfor Th233was

alsodetermined.The Th foil was alsopreparedby GroupC?lR-&usingthe

Zapontechnique.This curveis givenin Fig. 6. JU.SOth.b experimenthad

previouslybeen perforimxi by Jentschke. His resultsare givenin J?igO70

Jentschkearrived at a curve very similar to his curvefor U235,Fig. %.

TableI also showsa compari~onbetweenour results

fo!!The It shouldbe po~intedout thatour foil was

(OOlf+mg/cm2)wMe JatscMeqs toi3conttindo~

probablyaccountsi’orour dhc.repancyas regardsthe fi@uum betweenthe

two peaks,in view of the differencein minimaobtainedfor the two foils

I
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r:313m%ed to, in orderthatthis discre@ncymay be resolved,as soonas

a 10-channeldiscrhinatorcan againbe procured.

It is of considerableinterestto comparethe energydistribu-

tion of i’ragmentsfor sll the differentisotopesmeasured. This hvdvos

comparingthe resultsof sevcM*a3.differentexperimenters.Perhapsthe .

mostreliablequantitydeterminedis the ratioof energyof the high-energy

peaksto that of the low-energypeaks,sincethis quantitydependson the

linearityof the detectingapparatusand not on an absolute-energyscab.

Due to conservationof momentumjthisratio givesalso the ratioof the

massesof the fragmentsfor the most probablemode of fission. This is

not quitetrue becauseof the momentumof the promptneutronsemitted

duringthe fiseionprocess,however,only e slighterroris introd~cedon

this accountparticularlyif the neutrons are emittedwith aboutequal

probabilityby both fragments. Table 11 giveethe ratio of the peak energies

for five isotopes. There seemsto be a considerablediscrepancybetween.the

v~lueof the ratioas determinedby differentinvestigations.In the case

of Deutschts~eriment in whichboth fragmentsof a pair are measured,by

usc of a doublecounter,the most probableratioof the energiesof a pair

seemsto be somewhatlowerthan the most probableratioof peak ~=@8Se

The formervalueof the ratio seemsto be in betteragreementwith the re-

235
wits of Jentschkeand of thisreportin the caseof U . All.the separate

experiments,however,show

ricsl as the atomicnumber

t9t.OMiC nunbercon6tantand

a tendencyfor the fiseionto becomemore symntet-

of the originalnucleusis increased. Holdingthe

increasingthe atomicweightdoesnot seemto

effectthe asaymctryas markedly. A consistentsek of data withgood gtxa-

Vlsticson all the isotopes$however,is neededto establishthis apparent
●m ●**0s0 9 ●** ●9*

variationof assymetryof i’iss$+nv:~!~cl+f-a&“We nucleus.:>
●- ●-0 ●00●*:●:. ●.●
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ISOtOpC Investigator Ratio of energy
Of high-energy
peak to low-
energypeak

~h232
90

This X’C3pOrt

!Jostprobable
ratio of
energyof
fragments

*233
92

Deutsch(1) 1.61 1052

~235
92

Jentschke(1+) 1047

Deutach(1)

This report 1.51

1.49

—.— .—
~238
92

Kannerand
Barehall(3) . 1.52

-.

~239
9k

l?cutach(1) 1.43 1.32
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