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uZ3S9 UZlS, Th232
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and 

John Ao Junge:rman 
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ABSTRACT 

We have measured the total fission cross sections of uZ38, u 235 ~ 
Th232 

o Bi Z09, and Au197 for high-energy protons.. A cancellation-type 

ionization chamber was used to detect the fission fragmentso The observed 

fission cross sections are compared to the total inelastic cross sections in 

ordelf to obtain the relative fission probability as a. function of proton energy. 
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PROTON-INDUCED FISSION CROSS SECTIONS FOR 

UZlSo u235o ThZll~ Bi209
11 and Au197 at 100 to 340 Mevo 

Herbert M~ Steiner 

Department of Phyaics, Radiation Laboratory~ 
University of California 0 Berkeley. California 

and 

John A., Jungerman 

Department of Physics 
University of California0 Davisl) CaU.for.nia. 

August Z40 1955 

I., INTRODUCTION 

In recent years several experiments have been carried out in the 

genera.! field of high-energy proton-induced fission in heavy elements., 1 
& 1.& 3 ~ 4 

Most of these experiments were designed primarily to measure the mass yield 

distribution of fission products as a function of the energy of the bombarding 

particles., in some cases the yi.elds were integrated to give total fission croma 

sect:ionse however~:~ these were usually subject to rather large errors because 

of uncertainty in absolute counting o! beta. activities and also in beam monitor 

ealibrationo Tb.e experiment described here was designed to mea.a~re the 
,. l f" . • r. 0 Z38 0 235 Thl3Z B" Z09 ...! A 197 . to;.a. 1ss1on erose sectlone O& 0 9 9 1 D anu u 9 ustng a 

cancellation-type fission chambes:' to detect the ionization prodllCed by the 

fission fra.gmentso It was considered of interest to compare these f.iseion 

cross aecti.ona with the total inelastic proton cross sections for the above 

elennents in order to dei:ermine how the fission probability changed as a. 

function of the energy of the incident protons" 

The source of protons used in this experiment was the 184-inch 

8ynchrocyclotron a.t the University of California Radiation Laboratory~ The 

cross sections were measured in the energy region from 100 to 3410 Mevo 
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Ilc APPARATUS 

Ao Fission Detector 

A cancellation .. type ionization cbambar of Zv geometry filled with 

1 atmosphere of hydrogen gas was used to detect the fission fragments., 

This type of fission chamber was first used by Baldwin and Klaiber, 5 and was 

independently suggested by Clyde Wiegand and used by John Jungerman1 for 

charged-particle fission studies., As shown in Fig~ 111 it consisted of three 

electrodes 11 A0 Bo and C, arranged so as to.form two adjacent parallel-plate 

ionization chambers of approximately equal capadtance., The spacing between 
' ' 

the electrodes was 4.,5 centimeterso and under usual operating cond.itions 

plate A was operated at zero potential9 plate B at about + 1500 voltso and 

plate C at about + 3300 voltso Electrode 8 0 which served as the high-voltage 

electrode of chamber B-C~~ was coupled by means of a 100!'-tJ.f capacjtor to 

the grid of the first tube of· a preamplifier o When equal amounts of ionization 

were produced simultaneously in both regions A-B and B ·C11 the net signal on 

electrode B could be made less than one percent of the ionization pulse from 

one region alone.. A beam of charged particles passing through the fission 

chamber produced almost eq"W-tl amounts of ionization in both these regions 

if care was taken to make the electrodes as thin as possible.. The high­

voltage electrodes were therefore made out of 140 p.g/cm2 of aluminum foilo 

The degree of cancellation could be adJusted by varying the high voltage on 

electrode Co This. affected the saturation in the region B -C0 ..ag_tbat under 

optimum conditions almost complete cancellation of the pulses caused by the 

beam ionization could be obtained., {See Figs.. 2 and 3 .. ) Upon achievement of 

the best possible ca.t:tcellation0 a sample of .fissionable material was placed 

in the beam at electrode Ao The ionization produced by a fission fragment 

did not cancel for two reasons: (a) the range of a fission fragment in 

hydrogen is about 7 to 9 em, 6 so that most of tbe fragments spent all of their 

range in the region A-B; ((b) a fission fragment ionizes most heavily at the 

beginnil,lg of its path~~ so that even if the fragment were to get into the 

cancellation region B -Co it would already have lost most of its energy in the 

region A-Bc The beam usually entered the chamber in the direction C-B-Ao 

so that most of the reaction products made by the beam in the OaOOl-inch 

aluminum sample backing were· knocked out of the sensitive part of the 

ionization cha.mbero Approximately four times as many background pulaes 
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were observed when the orientation of the chamber was reversed. A periodic 

check was made of the cancellation and background by inserting a blank piece 

~ of 0.001-inch aluminum foil in place of the fissionable sample. The number of 

ba.ckgro.und bea.~ pulses remained _quite conatant for a given bea.m intensity at 

a given. energy, and thus could be subtracted with good reliability. The number 

of such background pulses was less tha.n 1 percent of the number of fission 
. 238 Z3S Z3Z pulses for U , U , and Th , less than 10 percent of the number of . 

r bismuth fhsion·pulses, and less than 25 percent of the numbeJ.• of fission pulses 

\ 

,. 

from gold for all proton energies. 

'!'he signal from the preamplifier was fed into a. linear pulse amplifier 

thc-.t had a. clipping time of S microseconds. From there it was distributed into 

six scalers whose voltage discrimincltors were set at 5, 7 .S, 100 12.5, 15, and 

20 volts respectively under usual operating conditions. In this way a courtting­

·r<lte-versus-bia.s curve was obtained at each point. (See Fig. 4.) The true 

·counting rate was obtained by extrapolating this cur.ve to zero bias. 

The pulses recorded as fission pulses in this experiment ,were observed 

to have the same form and mag~itu•1e as slow-neutron .. induced fission pulses. 

Such pulses were observed,with the above-described chamber when a Po-Be 

source encased in pa.rcl.ffin was placed adjacent to the fission chamber with 

the u-' 35 oample in place. 

B. Samples 

The samples were prepared by either painting or evaporating the 

fissionable materials onto pieces of 0.001-inch aluminum foil. The areas of 

all samples were about 2 by Z. inches.. The painting technique is described 

elsewhere. 7 • 8• 9 The thickness of each sample wa.e determined by both 

alpha counting and weighing whenever possible, and by weighing only for 

bismuth and gold. To check for uniformity in alpha-active samples all but 

a 0. 75-cm2 area of each sample was masked, and the exposed part of the 

sample was then alpha counted. The emission of alpha particles was measured 

with an ionization chamber from about six regions on the surface of each 

sample. The alpha activity in a.ll cases was found to be uniform to within 

3 238 . 
.:t· pel,"cent. For U. . both painted and evaporated samples were prepared 

and used. No difference was observed between the cross sections for the 

painted and evaporated samples. Also, for uranium, a quantitative chemical 

analysis of two samples was made which showed agreement, within the 
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experimental error of 3 percent11 with the thicknesses as determined by a.lpha 

countingo All the targets used ranged in thickness from Oo6 to lql mg/cn/·, · 

In order to correct for sample thickness effects~ thinner samples of u238
!) 

Th, Bi0 and Au were also prepared., These samples ranged from 0,1 to 

Oo4 mg/cm'l. in thickness., Cross sections were measured by u~ing tlwse thin 

samples at a proton energy of 336 Mevo These results were compared with 

the cross sections as measured with the thicker samples., In this way sample· 

thickness correction factors were determined for the thicker samplesa It 

was assumed that these sample-thickness corrections were independent of the 

energy of the proton beamo The sample-thickness correction factors used 

in these experiments ranged between 8 and 14 percent., 

C .. Beam Monitor 

The beam was monitored by a .. parallel-plate ionization chamber filled 

with one atmosphere of a!'gono This method of monitoring the beam is described 

in detail by Cbamberlain0 Segr.s and Wiegando 10 The accuracy of tha beam 

calibration using the above method ill estimated to be ::1: 3 percentc 

A, Arrangement 

Ulc EXPERIMENTAL METHOD 
I 

The general experimental arrangement is shown in Figo 5., The 

high-energy protons were magnetically deflected out of their circular orbits 

in the 184-inch synchrocyclotron, and passed through a premagnet collima.tcr0 

a steering magneto and a collimator l-inch in diameter by 48 inches long into 

the experimental area «cave), The ·full-energy proton beam was essentially 

monoenergetic 0 with a probable energy spread about the mealll of less than 

1 percent, To reduce the energy of the beam0 internal absorbers were placed 

on a movable probe that could be positioned eo t~ all the beam from the 

magnetic channel had to pass through these .absorbers., Beryllium was used as 

the absorbing material in order that the multiple Coulomb ac_a.ttering effects 

could be kept sma.llo' thus keeping the beam intensity as high as possible., The 

current to the focusing magnet was then adjusted so as to guide the reduced­

energy particles doWn the 48-inch collimator., The steering magnet also acted 

as a momentum selector9 and thus reduce.d tne ener·gy spread introduced by 

range straggling in the absorbers., Upon entering the cave the beam first 

passed through the monitoring ionization chamber «Noe 1) and then through the 
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·fission chamber., The beam next passed through a variable copper abscrbez 

a~d finally through a second ionization chamber «Nco Z)., Fron'l the ratio of 

the charge collected in ion ~hamber No .. Z to the charge collected in ion 

chamber No a 1 ~ with velrious amounts of copper absorber in between the 

cha.mberso a Bragg curve was obtained!) and hence the energy of the beam 

could be determined., 

Bo Prceedure =--w _......_ 

1 .. Alignme~ 

The alignment o£ the fission chamber was checked with photographic 

film., These pictures were taken every time the current in the steering 

m,st,gnat was changedo 

2o Variation of High Voltage on Electrodes B and_C 

Under usual operating conclitions the high voltage on electrode B wa.a 

+ 1500 volts., If i;his voltage was changed to 1000 volts (with a eimultaneous 

reduction of the voltage on electrode C 0 so that cancellation was ma.intaimed)~ 

the slope of the integral bias curve would increasei however 0 the eltt:r&tpolated 

end pof,nt ai zero bias would remain the same within statistieao Converselyo 

when the voltage on B was increased to+ 2000 volts~ the slope of the bias curve 

decreased but the end point was still unchanged., «See Figc 4.,) Unfortunatelyi 

when the voltage on electrode C was set at values above 4000 volts 9 occasional 

spa!'k breal-cdowns occur:i"ed which registered as fission pulses., We thereforll:l 

decided to operate elect:.· odes B and C at + !500 and + 3300 volts ree~pectivelyo 

lo Pile-up of Fission Pulses 

The 184-incb synchrocyelotron has a repetition rate of 60 pu.lsea per 

aecondo and each p~se of the scattered beam has a dura.t.ion of ZO microseconds., 

These. ZO-mieroeecond pulses have a radiof:requency fine structure; however 0 

this fine Stl"UdUX'e is, of nO importance to UIJ~ since the reaolving time of tb£ 
electll:'enic equipment used in conjunction with the fission chamber was 5 micro­

secondso In order to keep the loss of fission events due to pU.a .. up of fission 

pulses to less than l percent0 we chose the beam intensity so as to give lese 

than 300 .fission counts per minu.teo This number wae determimed by mal!dng 

a curve of the counting rate per microcoulomb of charge collected on the 

beam-monitoring ionbation chamberf.l versus the reciprocal of the beam 

intensity" Such a curve is shown in Fig., 6., No change was observed in 

either t~e total number of observed fission pu.laee or the shape of the integral 
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bias curves when th~ dipping tilne of our .:i!.mplifier was cb.al'!lged fx-om 5 micro~ 

seconds to 1 micr~ofi;acondG 

~ Gati,!l_L~f Scalers 

In ordex- to Ltninimize the effects of pulses due ·to eledric~l dierhr.:rban.ce8 

in the cycloi:?.on buildin.g11 an el<ilctronic gate was en'lployed that allowed ~lle 

acaJ.er~ to count only while the beam was on., This was helpful because 

occa~ion~lly electrical tra.nsier.'lts wou~d cause spurious pulses to be detectacl. 

du,ring the 5 .,.microtl.H'lCOnd resolving time of. C\11" electronic~ when the gate wf!'.a 

not u.sedo ln Ol't'de~ to insure that no fission countm were being lost because of 

t~IF!l g<l.Ung procedura0 the gating ciit'cuit could be switched. :30 as to a:!J.ow ~he 

scale?s to cou:nt only during the time that the bean'l wae ~ ono . No cou:nta 

above background W{.t~e ever observedo 

~~~!.Y of the Fission Cham..!.~ 

Th:a geometry of the fiaaio&l c::ha:mbe:r. wa.tl tested by placing an alpha 

standai'd in place .of one of the fissionable samplee on the ladder ... shaped &rame 

br, the chamber" · Tl':<e dia.~eter of th~B alpha standard was about 1o~5 im.chee~ij 

which. was appa-.md.mately equal to the beerm size at the tar.ge~s when the c~..amber 

was used at tb<~ cyclotron" Upon compadaon of the counting r~.te of the alpha 

s~andard as meaaured in the fiasion chamber with the coun.~ing rate as mea.s\lll'ed 

in, an ionization chat"!lber whose geometry was 0t:rictly that of Hat pa?allel 

plate~& it wae found that 1 .,5 :t: Oa5 percent fewer counta were aibse::rved illl th® 

fission chan1bex- ~ Th.i.s is presumably becaume the ladde!' -shaped fran1e wOl&ld 

position the t?Ja.mple appro:dmately 1/3'J. inch behind ~lectrode Ao Hexu::eG tbe 

effective solid &!r.\gle wao slightly lees f;han 2: v staradian~.n., 

6~ Neutrons 

Tha neutron contamination of the beam was check~d by placing 

euffic:ient copper abaorber to completely stop the proton beam immediately 

in front of the fiaoia·n chamber, This check probably overestb:nated the neut:ro1n 

contamination0 becau.tse of tb.e additional neutronl3 produced by the p:rotona in 

~he copper absorbe:r.-" ln any case th0 fio~ioning effect of these neut&>oruJ wao 

leas than 1 peR"ceut of the proton-induced. fi!i>aion :~rate for all tll~mplee ~xr.:ept 
\7vl35 F w'fl.3S "a..: cr. . • 
v o • or 'l.l' iiJUS e.11.1.ect was a.pprox&UH»tely l percent., 

The ~.::ra.~a.l md.entation of the fission cbamhe? was choven iim such a. way 

~bat the fission frmg:cnente were obs~lrved in the backward hemisphere with 



respect to the beam direction. Since a. fission fragme'i'lt is a rat~er eilowly 

tno"¥ing obj~r~ct €e. g. c an 30-Mev £ie!l9ion fragment of A ;;; 100 has (3 ::: 0J)4c 

whOl'e ~ is the velocity of the ~:ragrnent divided by the velo~ity of light), a. 

amaH av.no'W.'l.t of ;;:n :;,mEm.tum trar.u:lf.erZ"ed to the ta:r:get IUlcleua appred.ably 

distort13 the angt&lali.• dist:rd.bu.tion of the fission fX'a.gments i~ the la.b01ratory 

aystet.:n. Folf e:~.:.s.mpliep if a 340-Mev proton were to tzansfer all of ita 

mOilr:H:lrE.i:Utn to a ta.~~get nu.cleua of u238
, then the target nucleus,. which. is Hl® 

celf.!.tel~-of-i'nass fll."a.me for the fission f:ra.gmenta, would have fj = 0.0039.· if 

we asen:ame (a) that the fioBion f1•agments a;-e en1itted isotz-opically in their 

cen1ter~of-mass eystemv a.nd (b) that we l't..ave a thin ~ample~ thel!ll the motiorJ. 

oi th® Hsaior-A:tng J:lucleus would cau9s about 10 pell.•cene fewe:f fragt'itientlll to 

ent\'llN" tl1.e sel'tsitive regioin of the ionizati~n chamber t&tn when the ilis:aion 

oe~t:l!.n."m witb the rnJJ.cleua .a.t l"est. In other words the center~of:...ma.aa motion 

causera the effecthre soHd angle available to the detected fisFJion .b·a.gmente to 

be reduced by 10 pei-cent~ whelll the beam paswes through the <:har.nber in 

the d.i~ection C c:B ~Ae On the ether hand, i£ the o:rienta.tion of the chamber 

il!l ABC 1.with. R.~e~pecf!: to the beam direction, lOlo/o mox-e fra·gments enter the 

sensitive r.egioTh of the ionization cha.n:1ber. However~ no increa.ile bll the 

ccm,ntin.g &-<l.tta ila obae:rved, since only one pulse will be detected~ whether it 

l.s cc.used by only (}ne bagment or by both. fr.a.gments emitted aimulta.TtU'iH>t~lsly • 

. Jf. €a) we !have a sample of finite thickness iri. whi.ch a fraction '11 of 

the f.1·~grt1ents is rael.f-ab:.Jo:rbed wl'M~n the fiasion occurm with 1:he nucleus at 

I'emt, and if l{b) the:rre is CJ, fractional change ~ in the effective tiboU.d angle due 

to the center. ... of ~1mass motion their& if the 'b~Sa.m direction i:a C:B~£\ the flractio'a'll 

of tb.e fi~Jsions oirM:\lerved in ou:1r chamber is 1-'i') .. ~. OD- the othei' hai!dp if the 

b ~ . '. . AB·r ' ,_. r. • . • • l ~ ~ ~ 2 eam 4U.J."ecuon ll.S '4>..0s i!:.u.:Uil i.~'actwn :n.e appX"oxtmate y A ~ 'i1 + s - -h, for 

0 < f; < 2'11~ .!l'.nd 1 fo?. ~ > l'fl. In this expe:E'iment we he;.d fG <: 2tn in all c21.ses. 

Hence. by taJd.ng the ra.t:l.o of the .fis~ions obae?ved when the chamber ie 

orie,nted .in the direction CBA to the fiesio~a observed when the cha:mbei' 

is OA'iented ~.ll1 tb.~; direction ABC~ we C&.n determb1e s; i.e.' 

CBA ~l 
"";.""'{,.,...,.,. - 1 ~ 2. £:. I·_ 7:: .. ,; .!'!.ld~ '!!> ":l'.:T\ 

!t was i:lO'i:ed thit at Ep = 336 Mev approximately 7 :1: 3 percent fewer fi~a~ailona 

we:r;'e ob~;erved. b~. the back.wa.:t"d hemisphe~e «with. respect to the btea1rn5) U'.vJ.n 

in the f.o::rwa:;:d (H:>:ection. Ti'>..iei COl"!:'il:H'Jponds to !G = o.o:n ± • 01 L Sim1C0 
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~ _ ~ (target· nucleus) 
-T(lfsslon ft'agmentJ 

~ (ta:t.~get nu.deu.s) ;; 0.037 x 0.04 = 0.0015~ whiCh implies that on the ~>.verage 

appx·c>:ib'.imately one-third ~£the p:rd:on's initial momentum is tra.nsferred to 

tbl!.~ UE'ali'lium nucleus. At a prl"i-tOl!l energy of 192 Mev, s = 0.020 ± .(H2.: 

which again cor:.re,eponds to a. momentum trt:l.nsfer of app;:o::dmately one­

thi?d of the proton6e :h1itial momentum. 

Beoides the diffe;rence ii"»- the num'ber of fission E='vemts obae?ved 

when the o:a·ienta.tlion of the chamber waa cb.3nged by 180°~ we a.lso found that 

the ~lope of the it~.tegra.l bias curves was steeper when the fiseions were 

obse:wved in the 'backward direction. with respect to the bea.m than, in the £orwa.!fd 

dh·ection. An effect. of this kind is again conaistr.~nt with the interpxoeta.tion 

t:ha.t an app:retiabile amo'tant of momentum i!ll transferred to the :!issiot'!ing 

nucleus. 

IV.RESULTS 

The £ir:Jaion Cl"OSS sections of u238• u235 , Tn232
t Bi209~ and Aul9i 

af. a function o,f. pl"o~on ,;mergy are presented in Figs. 7 through ll. Only 

standa:r.d devia.tiona due to counth1g statistics are indicated cjn the gr&.phs ~ !ail 

addidor"i. to the statistica.l errors the following systematic errors may be 

asc:rtibed to the t?rx;periment: «a.) determination of sample thickness, ± 3 perceut; 

(b) urAif,::P:rJrnity of sample thickneflle over the area. of the sa.mpleo ± 3 percent; 

(c) self-abso!'ption of fi®sion fragments in the sample ma.te1•ialp ± 5 percent; 

(d) extrapolation to zero bias 0 ± 5 percent; ~e) momentum tranafex to the 

target: nucleus, :1~ 1.5 pel:'cent; (f) d~termina.tion of beam energy, ± 1 percent: 

«g) calibration of be.::~m monitor, ± 3 peFc:ent; (b) geomet~ry of the chamber, 

± 0.5 percent. When these erz·ors a.re compourtdec1 9 a. total systeYnatic error 

of 9 percent may be aecir'ibed to the expe?iment. The accuracy of the absolute 

c:~;.·or~s aectiollS rtiDay be obtained by combining the above €;ysten:latic errors 

with the ez:goora due to counting statistics shown in Figs. 1 thli"ough 11. 



V., DISCUSSION 

Upon compa:d.ng the fisaion cro£Js sections to the total inelastic 

C!:oss sections aa mea-.s:·?J.red by a.ttenuati(m expe:rimentse ll we find that for 
i?.3·3 . 235 • • • • . • • ft • tl s;.rt·.u:l U f!aaton ts 'the rrAoai pi"obable 1nelashc process e,t a!l ene.~g:~.es 

ir:~.vestigatedo A graph of the ratf.o of the fission c:a-oss section to the total 

inelastic cross section as a function oi proton energy is sho'iiirn in JF'igs. lZ 

;zmd. ! ::1 a For. u.:ra.niv.m bcmba:;;:d.ed by 340 -Mev p~otons the difference between 

the total inelastic cro::H.~ section t:J.f about 1.. 75 Jt Hf"Z4 em2 a~.~c the f.isaicn 
• e l 'J!r- ~11\-24 . 2, . 1 A A ~"•»24 2 '!..: ;t;;J';'J;Gs sectlon o:~; ..,.;;~;;~ x Al!.P em ta a.ppl'Oxlmate y uo~ ~ ~:.v en.'!: .. Tws 

··1aJ.u•3 is rsot in disegreemer1t with a chemical dete:rmit-aation of the spallation 

C:T:."OSB secthm l:.~f u238 bombarded with 340 .. Mev protcm.so lZ 

The x·esults of this experiment are significantly 'higher tlw.rli th.oae 

ob~ ~in.Gd by otl.e of '1.\S ~3. Ao J' c) in an earlier experiment. 
1 

'l'he reason fo~ 
this discrepancy is not 13ntirely clea&·.. However0 we believe th:!ll.t ~he reflW.ts 

given here ax-e correc'= and the old ones in error; a possible :reason fo;r 

assuming the e~trlier work to be in e:rro:go is that it was d.on.e with an 

elecbicaUy deflected p:t>oton beam which had pulses of about 0.,1 ·microaecond. 

dt1ration., '!'his srrlall~duty-cycle beam c:reated a much lali.·ger a:rJrH)1lnt of 

ioni:m:~tic·n in the .fiss;i(m. chamber during the resolving f:irne m the fission 

detee!toi' th.-J.rl in the newer exper.iment~ These large bursts of ionization n•a..y 

h.~ve caused the ion chan:nber used in the p:r.evioua Eutperiment to operate 

l:Uu.·eliablyo 

The pxesent IC!TI'OiHl sedicn fo:i:' u~38 at 141 Mev iG about 12 percent 

beltt~w that obta\ined by Hard.h'lgo 2 Chemical irweatig<:l.tions ~f the fission 

yields of u
238 

when bomba.rded by 340-Mev protons hav~~ been c~.rA"ied out 

by Folger 0 Gt a!o 
3 

Upon integrating these yields they find a :fissic·n c:!.'OrJGI 

section of leO l.~ 1()-Z·\t CTt}~, which ia somewhat higher than. the :result 

?.(:!ported bereo 

'fhe bismuth fission cross section at 340 Mev a.@ measured in this 

e:q1e;~.•iment is in fait· agreement with the value of OoZ:39 :*; .,03 x: 10~24 cm2 
A. 

obtained by Biller- by i.nteg&-aticn. of tbe fission yielde., 

The following :eom:lusior&s may be drawn from thi~a e~cpe::?iment~ 

:{~) Th'f:i l>J.gh-e1-aergy fission erose aectiorus of \U."anium aeem to be 
. ..:; d f ''l. .•• \\.. u235 n238 . -~ ~.n>.,!.epen ent r.> wuetuer or v lB umeu.o 



(b) 'X'h(.; t>elative fis~Jion probabilities as well as the fission c:ross 

sect§.cm.s c~ee~;1.1 'i.:o dec:rc~a.se 3irongly with dec~ easing atomic n.u:mber ~ 

«c) The fi.ssios:1 cross sections o:f Ul"anhtm and tho:t'hlm eeem to be 

fair.ly constant &s a function of proton enezgy in the ene:rgy Fegion of l 00 to 

34:0 ME..'f\lo 

~d) (';n the a.vel~age a.ppr.oxhnately one-third of the proton°a in~tial 

momenturn is tll.'.ansf.e:~.·r.ed to the fissicning nucleus at proton e!ltelrgi.e~ of 

190 and 340 Me:v, 
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Figure Captions 

Fig~ 1. Schematic drawing of the cancellation .. type ionization clw.mber used 

to detect the fission fragments., 

Fig~ 2o Photograph showing typical pulses observed in an oscilloscope during 

va:dous stages of cancellation of the pulses due to beam ioni.za.tion.. '!he 

cancellation of ~he beam pulses was adjusted by varying the voltage on 

electrode C with respect to electrodes A and B c 

(a) A :: 0 volts 0 :a = 1500 volts 0 C = 1750 volts; beam pulse largely 

uncancelled 

(b) A= 0 voltso B = 1500 volts 0 C = 3000 volts; beam pulse almost 

cancelled 

(c) A= 0 voltss B = 1 500 volts~ C = 3Z90 volts; minimum beam signal 

(d) A= 0 volts, B = 1500 voltso C = 4500 volts; beam pulse :reappears 

with opposite sign., 

A fission pulse on same scale would be approximately 2 em high. en 

the oscilloscope ~full scale ""'4 cm)o 

Fig., l.. Voltage on electrode B (collector) versus voltage on electrode C 

(cancellation) in order to achieve the best possible cancellation of 

pulses caused by beam ionization in the fission chamber" 

Fig" 4o Integral bias curves for va:rious voltages on the collector electrode 

«electrode B). Electrode C was always adjusted to give the best 

possible cancellation of beam pulses., (See Figo 3)., 

Fig, So Schematic diagram of the experimental arrangement at the cycloirono ' 

qThe representation of th0 experimental equipment in the cave ie not 

to scale.) 

Fig., 6c Counting rate plotted against the reciprocal of the beam intens.dtyo 

The oxodinate shows the number of counts observed while the beam 

monitor collected 1 microcoulomb of charge.. The a.bscieu:Ja shows the 

time necessary to charge the beam monitor to i microcoulombo 

Fig., 7., Fission erose section Of. uZlS as a function of proton energy" The 

errore indicated on. the points are fatandard. deviationDJ due to counting 

statistics cnlyo 

Figo 8o Fission CFoas section of uZ:3S as a. function of proton energy" The 

errors indicated on the points are sta.n.da.rd deviationa due to countb?.g 

statistics onlyo 
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Fig .. 9.. Fiosion cross section of Thl.ll a.a a f\metion of proton energyo Tbe 

eri'ors indicated on tbe p·cints are standard deviations due to counting 

statistics only .. 

Fig. l!.Oo Fiasion croaa section of Bi209 as a. function of plt'oton energy., The 

errora indicated on the points are standard deviations due to counting 

statistics onlyo 

Fig~ U., Fission cross section o:! Au' 97 as a function of proton energy.. The 

errors indicated on the points are standard deviations dua to counti11g 

statistics only .. 

Fig~ ll. Ratio of the fission cross sections uf of u238
o uZ35

Q and TnZ3Z 

to the total inelastic eros a section of na.tu?a.l uranium c; • ., The total 
- 1 

inelastic cross sections were obtained from the data of !11!illbur:n et a.l., 11 

The shaded regions indicate the limits of error" 

Fig, 13., Ratio of the fission cross sections a f of Bi'~09 and Au197 to the 

total inelastic cross section o£ lea.d0 0' i" The total inelastic eros~ 

eeetione were obtaiR1ed from the data of Millburn et al., 11 The shaded 

regions indicate the limits of error .. 
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