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Phe snouler dstribution of <lasticnlly scattorsd protons wen f4rst roported
by Bursly ord fedght {ﬂ . These outhors oeasurcd the olasiio scattering of
18,6 MoV protoms frun W, P4, M, and AL, Purtbor oeosuransats were ande
sibsogisntly by mm("“’) , uning protons of o pinller energy. A% 22 LoV, the
engicr Aiotribution vas otudiod by Cohsn ood Headig’®) who ehowed that the
positions of the moxion ond ninine of the dffrovtios potiern voried ooty
'ﬁmammﬁmwmaﬂwwaMwmmﬁ%@m@mwmhyﬂwmmMﬁaf%smwi
mrtber ol tho pucloar yadios,  For protoms of 30.6 Yow, acouate o
have been rade by Mght(‘i*} for Bo, ©, spd AL, Yorve recsotly, zoamurensrts off
the ponttaring of ¥ Hov protens fram carbon hove bomn rade by Rectit's!, o from
Al, A, and Cuy, by Lﬁ@iﬁw} «  For peobans of 20 Hov extensive scomarcyents have
beon xade by Sohramic 1), end Chow and Wraght'®) hove stulted N and 0. Fimaily,
ghudics of the oanttoring of 10 Hev srotops from © ard Uip have beon molo by
B’imww}, of 9.5 Lev peotons fras £ and O by Burchss gt nl r.a&( }, snd from I,
Mo and & by Feammtis oy 23,41,

he meapurenents deocedbed hore wee pode dn arder to oxtond the range of
existing cporinmntal datas 0 estedlish the pensrel tronds dn the angulor
@otributicn on o funetion of both encrgy and atosdo wedght; and to noke poasiblo
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dnterdod ooy a5 o smvoy of clastie coatterdng.  Ukilc the Puthwdurd
santiordsy is the prodeninent procens for Wign atado oolnbio and aneldl enplos of
scatboring, 1% will be shom thot the cisrncteriotin saxing end mindio of the
milenr soobtoring are ddeplayod oy by madded of intavadiate stoc TR ol o
Fap Jaoht alwzm, eopocdally et the Righer evgrion, thest Intuderense offectn
aro dozgely Gemtvoyed, preszebly, by the Giffwmo cdge of the muslous. 1%

VAth elizht pedificntions, the onparntus wed in ths M’ﬁ sredt eus that
mmwm.mm (E} , ord the gornwol prooesfioce vas similer fo thab
? Gosoribod by %Mgm{ } it ermsgeoent e shom i Figare 1. Msnamennats
were nods with the saxdoem onerpy proton b fren the Yiwar avesloratis
{31.5 Bov), o vith o boxm of lowma worgy, vEn. 20 or 14.3 Hov, prodused by
rotapdotion fn platos of polystyrens. Tiwce fout boyemd the pumition of Bwmeo
abaocors, the boen vas dafined by passing 45 through a 378 in. Bole i o prphdts
ook dorated at thy exteance €0 o souttering cive SolAd torgets dn e form
of foilo wero plzosd ot tho oanimo of the soabbaring eﬁﬁwsx*, which v evesuntod
ry pumdng cystus,  Piselly, the boon poeced gub of tho eonbtering

‘ehonbor thrard o thin windor ond entorod a Yinteorabur’, o dsvies in thich the

protens vmd olopped amd the charge collcatal.  The costtored mutens TS
doteotsd by o plostic seintilletor and o photondtiolisr enclooced dn an wlreiishe
box chich eould be roteted chout the mmwmmmﬁw;ﬁym
ooptrol. Thy sesbtered protonn poocad dnde thy box theoudh e Odn clweden
vindins, wwmwmmmwwawmwaﬁﬂm Bgure

| Wmma}ia.azmﬁxmm%. ‘8% 9 dra, frem tho exio of o

58 o apele of 39 ot e emis.  To sty
mmmmmmwmmwammmmmmm. Shey pooin

(’32) ‘The muthes do indchted to Br. i, Hcamﬁm o thin Wﬁm, sl fmm*w
valuoable ddcoussians. ,
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Yoo pesping dnto 4t throuch o thin slumin

When the sises of the pulses prrduesd by the sodntilllater are awmingd, tho

1iy soattorsd protonn usmlly fore o welli-dofined pook ot the top oxd oF

the pilse height epootrem.  Tho rabinder of the opcolrun in exwsod by
inslogticnlly coodtered protans, An the prooerd coparotun the widlh of the peoh
{rer 39.5 Hov protanp) van sbout & poroant of the hodght. Althowh this
rospiniion ven nob akooys oafficisnt 50 soparato suldvely v fnclosticnlly
soatisrel fron the alasticndly ponbturcd pootons, the aupordmonta) crmore which
recult frvo ide Dnocpiote sopmmiion @ vseelly meil.  Ta the posont
noperatus the plsss oo the selnkidlstor worn paoged dnte o dlporimiontar ool
s chasme) sould 75 pavocnt of the clastionly seatiared protons,  fowever,
the olootic pock woo noovly equally %vided bofwoon o adiecont olurmels. Such
o progodure 4o oonvendont 4n that A6 do cooy Yo odfust e diserisdsator oniclly
coumta in the two edjsemt chosmelo,

4 dypicol histogrem fo ahom dn Pigee 2. It do thet protuced by 5.5 Lew
protorn fron the dn olumimen ol oeed fov owparismn prpossn. Inspootion chomn
8 tedl on the low chorey oide of the cliostio ponlt. 'rmmmmhg
inolestieally sonttored protorm,  In powo medel; o.g. 6 0 ﬁmmaﬁ'm
¢lrpt cuoited state je lsbpe woough for the proton grouy wodusing 46 to bo olomdy
separuated fiom the elasthic pook i the puloo hoichd opostrems,  Det 4 mowt cocos
tho oty Intion was cob smefficiont to recolve the yelo poal Crem thnd
curroapending 5 the flrob andied otate, ond &t Shoeefore peondidle to
etded Yiemewew, wilomo tho Jowest omoited
otates of the tanged neslen ere cadtod with exoopticnal fyoqymay, o wiless the
Alsotde soatéoring $tocif o dow, on &t Glifrecties Mk, oF ab Kigh ongles of
scatborins, thon the contributien of feelestic cuntterins to the emmting vato in
the trp odjecant chmaols io nogligible, e tolad puboer of cowns in O cloolio




gealk 40 chladnod by dividing the nEbor of COUS it T cdimk chenolo

by o fectar, $ , ohich sepresato o frostion of dhe puok reconded in e bo
chaamalo,  Thn frection 46 exloulated oo 4o data OF ho polos hoight sxdyds
_ asurpiien thet the alastde peck would be symmisdesd in dhaps were 4% ot
Sor thy offoet off the dnclestionily condtered protons, Thus, the toted mabor of
coats dn o entive poalt Ao calowdatod by sding to e camts Socevded 4

2 cddcemb ohoreolo, b tho mp of tho evamts rocorded ia sl highoe cheiveels
{ormeptang cnly the dapt charmel which reooia o33 puloes grentor thia those in

e ahsxmels pressiing 4t), | |
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Hotallin foils vore rmmbed ebe vartioodlly cbove moothor ¢n o frape oot av
45° o thoe protos beom,  The Laxget proswuted to the berm couldd bo choned by
sadsing e Jowerdng tho frms by ponobs contrel,  An slwrram foid (12,0 wm on 2
oountcd ¢ the bemwe fropm sarved 05 o otondaed for aarpardooy

ot @ B the mebor of comto reoordsd 4o the tod sdfscent siverols por vdk
charge; W, asd A, tho cwrfono denadty ond atcde woight of the dorget matordal,
sospuotivaly; R dot th auffix § wefor to the qrutitios comopriats o tho
sluniom staderd,  Then the diffcmtial croos soobians por wdh polid arple ove
yodntod by the egutdeue

er/dﬂ)/(‘”/”““)o"@‘“)@"/ B pvefar) v ()

chaw P 4o dofincd dn tho puevicun sootion,  Thin cquathon 35 valid enly if
the foildo axe Budsn mowh to moure thot 21l e ot amrent 46 collsoted by
that thare veo no aprrecicble lsas of proten cwevand (for 31.5 Dev protoems) provided
that o foll weg thimer ton 75 1 oo,

Tho ozpowdtontal procefure s o follews, Plrt, for 31,5 Hov protem, tho
mudor off counts por it chorge from the olunirn stondard cus peasoed ad o
soattoring angle of 50°,  (There 4o o muxioum dn the Ciffvection patboara of
alusimn 2 507 cnd ot this angle, Hwworore, the mmber of commts was nosrly
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dndepordrad of amnll cxvova dn thy appaler potting of the detcotor).  Svomd,
. the prebon anexyy having been adjuotell to the appropriste woiue, the meber of

oot por Wit chorpo vao coanorcd ot dlfforant anglos to the tarpet to o
studicd, [Muslly, the proton coorpy badns put Dok o 31.5 Mfov, tho nusber oF
couts from the alumimas atondsyd Tes romanwed as 50°

Thoso messtmrorents, teoother vith the wodchts of tho foils, coil meammcmants
of @ , dohsulno the rotie of tho Mffarvabial ovoss ceotions,  The eboolebe
valus tmo cbiadned when the morpitufe of the chaeps, tho opgle of tho Saxpet to
tha proton bem,ardt $ho apsrtuzo of the todasillator cme telean into account,
m%&ﬁﬂg%mﬁﬁ&@%@gﬁ%%ﬁ%ﬁaﬁﬁﬁﬁ%gﬁﬁﬁm@ﬂ
and 0% 3.5 Lov was 50 oh por stovodian, in epvessent with the valus {55 1)
g%?&%ﬂ&ﬁ%%%ﬁ%ggﬁeﬁﬁggﬁg&ﬁw
astieds of doteotion, Tho scmmocy vas sbhaut 10 pevoond. _

Apaxd from the opiwpy differuncs botwen the dneddomt ond sondiaaod yrotan,
whidch de sonsed by the ronoil of the target mwlous, the woovgy of tho soatbared
protom deponls on the dopth of vhich 4t origbetes In tho torpgets  The orrongasnd
of tho texyet relative 4o the detooter for ol aedos fs sheen 30 Mowe o).
In this onoo the eneryy dfferavce betucun the protuns soattered ot oppecito
murfoeds of the target 4o vory taall: 30 4o el o the &ifforones in the
antpion. dost by the proton beaw in troversing thiclmossas ogunl %o M4 snd OF in
the borgot.  Ths vAdth of the peok, then, o Hwb cmmed by the chamoteriusies of
the scintilistory 4t io consbant feo wrotons of o given oporgy, snd, within wide
mito, 4t 4o dndepondent of the hichrass and conpooiticn of tho toeypt. Far
protons of the sape cvnyy, the too wmiuven of @ in Zguntion (1) ere equol

. {at 3130y, B 0.75).  Por deoronoing coorgics, B ipovsass ok firet, o

then $ells,

Fer largo atglon, the protons mmt be dotosted st the ooy side of the tapet
(Figss 3B)).  In s cnco the projons seabtored fren the mrfeos of the targed
Pooding the boath loow no ooy othosr than thob du to wenodl, vidls those soattersd
at the for surfons loco, I8 effition, o comed vhlch (for o torpot 28 457 to tho
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boom} 40 mever less thabr 2.4 Wimoo the ooy loso in dwanenlssion ot norend
dncddonss, Thepefore, wilcss very thin tnypets are used, ths widih of tho pealr
is inoveased sbovs the taluzal wigth Sue o the eeintillotor, ond its pocdtion i
advags dmolves too oncuecnts of P o At high engles, the comting rates

are wory iaz, sod 3t 45 vevy Sifficult to oweid this ad2itdensl suwve of e,

For goterdalo chioineble @iy dn piodcred £Orm, Vel By Py o83 Si, colf-
appovting foils, wewilly eboat 20 ngn oS, wore e by codimemtation in Wb
mimed T & JALHIe glus to ptve afhostan(iB), @ mterdal, vhich voe dsonited
on o glagn plato, won &xdoed, cocted «ith plastic auray to glve Dether slimodan,
smad Bon obednped of f, cub, ool wndched, Geosredly, the ssoxmononds més with
cvch £odo tore laos sucwsts o those chtaincd vAth potalide fedls, wd e
adfithonnl ovror wos shout 5 poreat.

snother pomee of crvor derived froo counting rete Joooeo: it was fomd bbo,
19 the ovrags cmmbing rete in the clmatdc pesk o incrossod, tho MpUEpORSHice
of grall backoroond puloss on those peodnesd by clasticelly sonticred povboun,
trosdersd the ponk, snd shitted ito conbrodd i the dmvetion of highoe arpies.
Thon, q, the ccunding wate in the adjecent chomncls, and B wose refuoed,

AL ponsurcments, therofors, were meds whih & counting rate per chumnel of lemn

thun 500 per minute; o this rate the lops vou oiupixdenlly dstersined o 10 poeent.

14} %mmmmm& indchted to By, Heboerd Pobinoon avd Irp. Poiter for

wgnmﬁmmmmtﬁewmmmwtmfsgm Tho woight ¢ mtexrdnl
m&mmmmmw {asunlly chout 0.5 mmm” vas sotimated fron ot
Copordben W@mm%ﬁaﬁm foil. Sovorel foilp vore mude fn
mwmmm&maﬁw&mmmﬁ*mﬂmﬂmwmmﬁ
o of Hhe MPfytotion patiorn were oparcd. @wmywm
moasunenis el much (0 o fesivedy  £Or cuumple, tho ookl ; '
by the thidnons of thy £odl, wnida vary fron e fmmmﬁwww 30 percant,
B angnioy datritutions, amm mmmﬁ&&mﬁm,mm
nmﬂmmmbﬁz%*eﬁmm,mmmwm uaing the vornse yicld
par wndt thicknoos at the GAffreotSon maddim.  ALtepto to mopre self-apporting
felln o B in thic wmy o a fsllue;  oaly ane auoesantl foll wan made o
abgden bodcing, mammmmwmmamwmmw@m
aiﬁa%&wfmmﬁuaxtfmmwmaam. Yoils of heavicy
alemcntn {o.p. As) vhothor bonked or eollf cmrporidng vive usclens bogmws of tho
larpe contribution of ecatterding by o wrmnted 18pht odopont ab oy costiosding
snglied,




Sore olepents ore not easidy svallshle no eptddide, cnd vhos prosend I aompound:
are omdinsd with woantol olomemin, OF theoe, Hy, 0, 24 4, o beot ptuliied ao

For thess meosuzeaents the coabbering dvmibee vas fSiled with tho goa o bo
fvreatisntod; the proton boom ewkordng the neabtering charber throwgh o Hsin

alumivon windsy opd & graphite colldmator.  To idnlt the volums of tho goe from

elaphod.

{a) Firsh, thy cootiering ohotber wns £11ed 1o shecspheric prommre wiith
tho pas to bo examined, ond the dlspbdcally peatbered protans ware courbed wh
dffapent typlas, Thepo neaduracusbs, sorpecbed by milvipliyizg ooch oummt by the
odme of o soathoring argle, deterwine only the relaiive soodler Getidbution,
alneg cdtinle sonttoring of the mobom boan witidn the cdhwrber rodused e proton
oxrpont eslicoted ab e datogrotay by sm indetangingts ppount. |

{b) Ssowmd, &% o mch lows Mmﬁﬁ&ﬁ@& the ponttering of o mominm o the
iffrostion pattern found in (o) v pousgred and @nﬁ%ﬁ@‘ nffer oweountion of the
chielior, vk thet chiained from the stondend alwdinm sigle. For this cumaricen,
3% was onoontde) that il pavts of the

bem gbould bove an wtrpeded vivy of the sointilletor. In tho presont oproretun
e condition was ebitined ehon the sy of the best wop reduced to o xibbon,
38 2 978 in., with dts Iasgor axde
aeintilistonr,

wendiculer to e plans of rolotfos of the

The ebeohito valve of the Gifferontial oreas protion at varions anples wos
found by eordbining the two aets of paesraxnto. et g ho the wmedar of coupls

reopded pup it charge ot o &ifvoction masisu y, the offeotive thicknons of

ﬁgggﬁhg%%%& mﬁﬁwm@gm % s the %ﬁﬁﬁ n, the mmhoy

£15) Sho « ggwﬁgaﬁm%@ wﬂ. g& i %wﬁ uideh
,@g%% Gobhet Shere Beo BO L g%aﬁﬁaﬁﬁﬁwﬁ% o dnSoopatow,




of stars por moleculo; I, tho wolovndar wigdi; ol leb the auftdzs, o, os bofure,
vofar to the olummm stasferd, Than tho menemoment (b} givess

afae= [(2149D-Bn 9 9/m) JLEepDo BoMbucmetsfer] o

E.“”'rmﬁcﬁ that 4 conttordes agde o 20t $oo conll, dhe effootive dovwth, ¥,
ray bo tadned by calentation, 10 o abook he wolidity of ruch a ealeulokion,
¥ wan alas Sotosdned cxporinatally hy meoouring tho rablo (R) of o oounting roto
mecmimb(mzwyﬁ)wﬁmmmm%ﬁmammfml
(curtoes dematty W) oot ot 357 4o tho bem, -meamceamz&{gﬁ‘ Tho
enleaioted ol aopordmental velues of 3 owoee dn el agpoaxont, apoeot ot high
anglos vhore the vory oy oounting mton camed by ceetrlens varo 300t to
peasma, Xl ot low anplos, below 305, where ¥ 4o no lenger stedotiy propoctiond
o conog O, | |

Fozr tho ealhretion of goscoun torgpto srndost the alusing otentord
{memraems (B) cbove) the counting redos were vory o7 and emsogently the
remiren borp ourrent; e voed.  The huekrranydl of eosll pulses s Hich erd
themufore the laptic pool, supsrponcd o this bodierond, wo Wd than wanl,

The crrors In cheoludo monmsomseto wilh messtun torretn e probably shost
15 percent.
5.

T ogracont with the fiadinos of Cohan wnd Botagd?), te wesent
fmvestigetion showe that the oasim end mindsn ooou W&‘ﬁ? at tho angles
Wm‘ﬁ by $w olcuntary thoary of £ Lem,

46)5’@&%@% oporany bofore the acketdiiotor, a&ﬁi‘wam
im:;w}‘mﬁn”%mmmw@m@m@mwmma the o¥eokive
lsogth dp y = DO W@,mﬁmz*wmmuwrmmww
mm@mmm{ammzmmmx@wmmwmw@mm
poectae ®0 04t (Bawre &), moopootively.

{17) €. Pleooek ond 8, Bothe, Phyoe Reve 57, 10795 {1240},
(1&) Do Shigoer opf 3. Pemmoonsiols, S z:;@m BeS5a3. B m’ Py (*?%)a,




dojdn = ERUL T €T’

s Z = ZRY aln &2
B 45 the un of the munleoe redius and tho wasolenzth, R e B A 3 o3 & fn
the yavarnabar, colewlotod for the cantro of oo eysten. Mindos coour vwhen
3'?{%) e 0y A0, vhon 2 o 3,0; 7.0, obo,, ond soxinme, (00 X u 5.2, S ot In
Pimare 5, the otuscanto of the exporineially deensivad halfsanples flor dhe St
axsd scocndl roimm re plothod ageimot A%, WA R = 1,35 A, 070 am, T
stradsht inos roprepent tho prodiotsd positiaw of the maxbsa, 3t will be cown
thet thove i0 good agrooment.  This fo owite pomeadeblo in viowr of the erudity
of tha modal.

Thewe i3, however, oply fadr sgyesmant befimen tho oross sectians predisted

i btsined oxporirentully. FPor o sceond maxhoun, whoro this o

dsvoloped {frvs A to Ag for 31 Movw protors) the agrecpent o pood (4o 10 mevont).
Bud for the firet mexiom, fer motons of this cosrgy, the esxperdmental oreno
pestions are Wo lawvgs by o feotor of 2.  Furdcroore, the oxoresaion (%} prodicts
that the cress seobiotn ohwuld fall to zoro ot the vindme, ¥
odlosancns for f2rste vonclublon, tho crese ssotious ab the first winiom never
fall mxch belor o tendh of that of the firnt toximg.

The peaoved Yeondy of the oross seotlosy oxv chom dn Figuves 6, 7 end 8.
fiere, the diffmrantisl choso seotlsns, dn wndts of ¥RY, aro plotted agpdrst Ge
poroastay M o 3.5 lov protons, tho controst balroon € ovonn poetions of
rintmzt o8 &b el e groatost ot W, Far dowew proton enwgics the
Siffrection offects are lesa chvivea: the first ydadmon, vhich io at dto spvatcot
&opths 0 V21, for 3.5 Nov protons, bro nll tut @etppereed ot 20 Doy, The
conbyont is redwecd op the meas meder io yodgceds.  For 31.5 Dev proteos
@iffroction affoots hove dsoppeared alfopstior fn 1if.  Par the lightest mucled,
boowor, thoy weommenr ap the proton oaunyy i roducod.

It is olear that for tho highey onorgy probenp, far given wilues of %, ho
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arocs geotions are proptrtional to 5% end vy wther mmoothly from one olonend to
smotbow,  Ihla cowoth warlaticn 4o abowm i Mlges 9 vhees the orgen sootions
Sar tho firat maximm, In wits of BPAY, axo plotted sgainot the atusls velght.
es tho Giffvsciion phcnononon Ssoppocsss.  For lowy swrny protons, the
vorintion An aross nootions io less coootly, and fov gons Jdght mucled, the ovdss
sections ape gquite crrshlo. ,

Acocadiing to (h), the crens seotions ab tho modes nhould fall Linesdly with
the proten exsrgy.  This dooo muk occur.  For A 50, the oross seetion ab the
firet woxicom oppears t0 be noarly Sndopendet of pyoton cnergy.  Par Lighter
micled {4 V20)  the cross seetdon resches & mowdm noar 20 Hev.,  Thip offeck
is quite mwied foe T oand g, mmmwama Feor decrecning s
mpdbars the encrgy ab vhich thds oroos scoldan is o seginm dormeancs,.  Tho offeot
is shown olenrly in Piawen 10«15

| The soth varistian of the difforentind arons sockicn do wmmm mysded
oun o cuerdbed o repulay chergee dn pucleps pyopdrtics and o the fack that &
relatively lorpe aebor of proton mven of Sifforont engidar comada ot
castpituse to the claptde ceattordng. The mmller meder off pordial rovos fo
Adghb peled, and the ywlatively greator deporboncs of ooy one of Hwm, in no dubd
rengorcsible for the lops roquler bohoviows 4n gt nucled.  In tresd cutline the
rosdts deseribed hore have been sakinfectandly scomumbed for by Sexcn and ids
ascoctates' ') who have oterrinod tho porsmmtern of tho corplox pobentind mods)
which pive 4 Dost Pit w the operipentad vomidss.  The mest Lmpertant of thoee 4
tho dopbh of the podontial well for 31.5 prottns, wddch 45 loss dosp tham thad
which odinine for lor anorgy moutvens, ond $he tapor of the woll, vhiok soomy Lo
accowry natinfenicrily for tho dhiliteraticn of the APfracticn effeots ot Moh

(1) D. dozm, t5 b pubidckod.
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eporgies in light nuclel.

The authars wish to thosl D, Pinkie for sungesting the use of plastic
sointillstors in these moacuressnts, sl for moch assistance in ostting 1p the
apparatus, eppscislly in its early eloges; Dre, Heokrotle amd Sawch fow
theorstical advice; Me. Rchext Hatt snd the staff of tho linegr sccoleyator Yor
thelr gemerous sssistence; aed Finelly Professor Brmoct 0. Ioweenos for the
privilegs of werding ot the Badiation ILobavatory,
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