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PlmtIIS AND JmUT1':ROIIS DOODD em CII IIlJCtBI Bt 90 .. JAVlimS 

~f-

I 

b ·s-lMUo prooea_ wh10h .ta1at plaot when DU01el .. ~ 

bT ~ with ~ up to • ,.. .... of -. or b7 a1pba ~ 

of ...... up _ 50 ... , ue well -...tW tv Bobr'. (1) tbecIr7 of tht 

......... aaolaUI. !M~ jdM of 'Ud.a pzooM8 ia tbe tou.Sq • 

• tb&a "_II ,... tbe ~o1Ha .... ~ Sa of I1IOh a ..... 

tadI .t tbe __ ,.. path of till 1IG41e. Sa W4IOlANw attel" ie ..., ...u 
OGII'" to ...... 4t.llle ........ the ~ ~ ...... to 10ee 

lt1 ..... t cltSa" ..... --Sial the ,...",-.. 'lbI Il1&01eone whloh it 

..,... Sa tua ,. 0IIl,v .. aboJIt 4!a1uoe .tOft the,. lateftOt with other 

~, ua 80 Wl'7 BOa tbe .... of the boo2dag pu\lole Sa ... ,. 

~ 1MI ....,. t1l8111rl1:Qtecl..., all of the IIUCIlMr ~. Sne1u41ftg \he 

IapfaclBl ae whl_ is ~ oapture4 ~ .. 1t DO later baa ...-gh --81 to 

••• apt.tbe .... , tJrae .. 1-.&, .,. ..... to ta. groaad .tate, .s.tber 
__ or pans.$ ... 1., botb of tIII_ prooMOea _lug slow ~ to 

... o~tJ.o II1lOlMI* U. (the "SIll It .... t •• Jl'QOleaa of &,. 
1ItY to ~. cU.a ..... ot the .... of. ~ 1l'adt.DI). ~ eaiaeloa 

Sa ~ ~~ ___ ia ~ .. ,. of the ..., pou1b1e __ of 

...,.tatloa ... ~t ............ W _ one pan10le to ..abla 1t to 
I' 
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..... abcrft, .... tra. tbI '-' *' t. «rol~ of ... tMa· 

abcMt 10 ... pIftS.o1e ~ Sa ... I*OlIU'III tMa ..- ....... ,. 

quaUtatDe Ad ..... coaoenWta wbd 1d1l -.. sa tM .. lal. __ 

flit .. ~ Jm01ne .. be ..... lINt, tha ......., ~ ~ 
l 

..-.JlI' be ...... , aU. a 171,11_ .... tatt. of ....., ...... . 

Sa t1da .. t.lu tor· ..... paftt.olAt..s.ta. fbt ..... tor.~ S. 

tbat ........ paftt.olAt ~ ... "itt.~ ... to __ l' __ 

thI oou1oIb........ ,.... ......... ot.~..m ,. ~ 
equd to the fJJIIIfI81 at tba ...... paftt.olAt ti,,*, bt the ....,..., ....., 

pId" paftt.olAt. !biN, tMft ww. .. ., eomt1attc. bit .... U. ~ of 

.. alt." ant fapJadlll paU~, .-apt tor a If1tcht oca .... u. 
t ...... .. to ... OOIIpI'tattwlJ low.wl.oo19 aoqulrM ia tbt eol1Mla 

bt ... ~ ..... l .... 

... • 1IUSo UlnlllllPttM ", 'thJa tbIot7 ... ~t the ... ,.. patb 

~. __ '*- .... t.ar _tt. .. 'ftt%7 ~1 ~ to avol ... 1 ____ 
l,f!::'.' 

..... , • IIbr.:Io:W upeot tbt tbIorr to 1ft ..... at 1ta&It fa pet, at 
I 

WJ71'dgh .......... of till ...... ta ~ .-:»0. ... ..u.ea 
with .... !bat thIII ~ II1gbt l» ~ ~ -. ... of 'bolD"" 
_~ '" 90 .... ~ sa ... '" ~ ........ _ .... t .. 8a4ta-

U. Iebofttol7. fa. to'ta190 lin' _.-..". ~.'''Ul.ta 

fill .1IIJ1. (2) .t al, ..... total u4 s-l .. Uo .... _u. ....... --
..... of DItItuaa ...... b1e (J, .... __ hI •• al(4) .... ~ 

-- I 
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A ..... Sl.., oa1oulatSoD ot tbHe ~ .. bee ,... in a 

s-per tv .. It. ~ (6), ..... M hu Wen SDto aoeoaurt nab. ,... 

toft u tile t.D.taIIal ..uo. of .. Il\ICleoae SJl ta. IIIDOl.Ma aD4 the .n.ot 

.. of 1:be ~1oD pdDol~ Sa • IIUIOl .. .,._ oeuS61N4 ... -...." 

r.td au. 
tbI .,ect of tM ..... t 1103 .... ~ --.ttptt.oa 

or tbeee high e_11IJ obaJtpcI .. 8OIJIS....... !be moleS. 1InMttcaW .... 

oubDD, ooppeI" mS bid. b obMs,~ ~ do BOt tollClf W1!T 010 •• -

lI' ~" 4Itdl1Ml ~, but 40 tollaw ....... q1Ia1ltau. 

_tuau, ....,.pt, t. one ~t, aoepU.cI'l. --17 • ..,..Uw~ larII 

,s.w of -caSu7 4Iuteroaa encl-tfttoDl. 

~tt. .. of thie lat_ paw .............. la1~'" 
~ b.1 HlP ~(8) (\1aSDa pIaotopapbS.o pla~) aa1 L ~ 

.. IIId 1'. FaIJe11 (9) (-s.aa. olodd obaber) .. w11 .; .. the autbor(lO). 

IISgh ...,. ~ ba'fIt a1ao ... obic ..... tbe ~ Ina .... 

Ido 1'111' .teN (U) • 
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ft •. PmtOm.ss OF mmu:wmrAL ~ 

A. ll.NI»!ati 
ttl ~.~nt'we are.~ ritA ~ the .~.q4 

. ....,&tri.bUtloDs of a ~ of .~ .tJpcl& ut pertteles· aU. '01 

.bloh haft e ... glq·~ _ about~t1 to .. ~ ... 11Ia 
. . 

~ use4 hue ts to .~ ·the epeeWe. .t each .or • ~ of· . 

~, the engle ~ o(mS~n be~ ~ _ ..... .,. 

'or a kmm!' tJpe fIt~· ti.e. protem, 4eutAmm .. OJ' _"torl Sa 

:tbO ~t. oas) ~. 8nei"§ oan be4e.~.J.ne4 ..".Q ~t of Its 1;', 
, . .' . 

~" kt.the ·GaM ot a .~. of pu'tJ.o1e8, 1., 18 i'leODD.at'y _ ~ . 

• imJ4~ 8D7 .. two of the· .,. .. qutmtlt1es Sb. .~ to. ~ botb 
. , 

tbet)lpO'md ~ •. &St or .t!l9 ~ts ·to be ~ .......... 

·· .. "th the ~J>"speoU10 ~t1Oa.comb1Dat1oD. 1118 .• ~ ~t~ 

.. use4 as'4 rotSgb check 0Jl the %'e8U1ts. As an extra obeok GIl some ,at·the 

l'taults,.u tlfte.·.qaut1tias WG'e.eNlUft4 .eJaUl\anatmelT·1n fA .te.~. 
" ' ',; 

'I. "D!Ja~ II ... JJet ..... , Ima~ X.-ua, -. .. -. 
it, usiDc till Ulptrtoa1 rel,atu_hlp betureen ~ u4 .~ - .. 

. ' .' ~.' .'. 

derlw a ~bar of UfJ$M ~'b& __ thaae.~·qiI$tltit1e,. 

'Ne w1attoJ\ .fs~t tho l'&1JPot Q ~d parttcls(~ ~ .m e~" 

tnD).1s ,...pOrt1<ma1'to its eurcr ftieed to the .1.8 poWezt, .. hotorfif 

~S .. be1aa a ttmct4.o.tl of theebar., and .. 8 of the partS.ols. 
\ .' . 

• • __ ._'- ~ _.J< .... ~ .". " __ •• " ...• _,. ___ , J .. ,_~ ....... .u..,~ .. 'd .'~ --'-
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and the _tuN of ~the _teJ1a1 ~ wblob the ~ fa .wtas. 

ftI8 ftla\!eb S. .tAI ...... tC'llt ~ bet. au. t.hNe .... m:I ..... &1 

...... IIIW, lUll t. ot.bIw ~ of COlft8pQoUnc w.JI)ot..J altboaP 
t. ~ .. _ shall. __ of it, Ita a.,.... of ....... Sa of DO paIti-

oulAr iIIpo~ • 

.... _ haw ftll! • ~ of .... UId ..... q. . 
. ( /,8 
R=k ,,'m)£' 

ad "Mt. the epMltlo icraS.tS&, I, :I.e 8'1WA 1:111 
• 

I <:IE I 
= - e:( R :: -',-B-k-C-,,-, .,.,-)-E-o~. so;:'" 

ae., It !II well kDowIl that t. DOft-ftlatl.uUo --.se. l dlpeata .... 

.", ~ ... 1001t7, aDd tlat J ia ~ '\0 tbI ...... of tbe 

.....,80*. 
JOe f2 f (t.) 

/,( (;. ?'J1) == i~ m 0.8 

ad.,_haw 

• .beN kt ~ 0DlJ OIl the .tIiUl tbrcI:rcb wblOb tbe ,.ntele Sa ..... 
I 
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mt.WSns. 

It ulftg those equattou" \ft) can oalcQlat,e the t~ tabla. 

'l'ADLE' t 
For a n.-t IfI' For a t1Be4 zo-... ,. a the4...... " 
the ftla1.S:ve t tea the re18". 81' iau tba nlaUw tis' 

# . 
flto ... 1 1 - 1 . -... '.OJ 1.6$ 1..36 

M_ ,.~ 
. 

2.21 1." 
*' 7.65 l.6J '.52 
A1pb8 12.a 2.00 4.00 

FnDtba table .. oaa ... that. tba .... teet 4Ut ... in ~ 

t. ~,.~ an4trttoas ~0012l"S t_ 8 ~ otl t., .. . ' 

ftDcl If. !be 18aat cl1stlDOtioa oOeursSn \be 0880 of the, I-lUge GollAd.-. 

'tSoA. 



IU. , OERERAL EXPEl1'I1&1TAL l'II1HOD 

A. ~" 
ftgure m-l 8 ... sobeut1oal1, tba eJpJl1.Dtmta1 ~t use4. 

Tb8 ft%i.tJas OOIIJiOnen. wm be "Seoul" in aete.U Sa 8eotkll SY. , 
90 ... ~ .. ~ \'0' tbe stlipplag preoeee (22) wMa 190 

leV Cint.nu .tnke the 1/28 Be tvtet .. ..,. sa rtauIw UI-1. lbeee 

D8Utras aft oollSmate4 bt a 2W hola t.bJtough '\be ~ ... ahM1d1Dg ... 

~ tbe ,~WOD aDd • the steel plus t.MerW Jato tbta bolAa 88 
I 

Sadtoate4 • u. V1gln m-l. Ql ~ fl'CII tbSs plua, t.bt beam baa 

a notangu.lar 0l"0H _'loa of daeulO1Ut OM !Doh ." OM .ab4 e ba1t tacbd. 

fbi ll&utrcD8 then pass betnoD the polee of tbe parUolA ~ .."., 

wld.cb f.s placed about ab teet.,... 1bJ ult.a 01 the oolUaw. !be 

dkmud.<*8 of tbI polea are 1:P x 30"', -tbe pole gap te'l '/4-, 04 ~ 

tfalc1 can be adjuaUt4 to fSlW 'I'a1uD up to 15,mo _. A coat ...... ie 

ph" !D the beam. wb8fe 1~ enten the ~, an4 a aUt dltt!DG4 b1 ~ 

brto1ce is placed at tb& ott. .. or the magDett. A eGQDW tel8aoepe 

OOftSietlDg of three proportS.oDal ommters ls plaIJed aaeh.olm abaut 20" 

IIDJoai tb8 s11t. Tlms tM ohal'pd aeOOD4arlaa fNfI the aoat .... tft:f81 

Gl.cag a oircUl.ar path ba~ tbe t.pt, aDd tba ell_, an4 a.l.GDg .. etra1ght 

path fran tbe aUt. t.brough tba COUDtAd.'e. l'NI tM rdl'QB or tbte os-btt, 

and the ftlua of the -.gnet10 tsAtlc!, the HI of the parUols, and helleI t. 
8M..." it 1tu II and q an lmownt can be tOUZ14. Flgva m-a shows G 

" 
mrbematlc ~ or the aUt 8)'8tem and mutates the 4eterld.DaUOD otl' 
and e ('tbe tuagle of em1s&toc of tho pQ'tiole relatl_ to the direction of 

tbe bellVon bIaa). It 08It be .. that 
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AS 
'.. f= ;(~'P :> G==. 0(- cf 

.~ fjJJ tho anglo ·.tvteen the~t u... (~ of OGUD* teloscope) 
',;: 

and the U. ~ting the eoatte1"Or e:ndelJ.t, .aa4 0(. .is the 8Jigl.e betleea 
, 

t.be d1nctlOn ot thO neutraft bLtaa atad tbU 1_ lJDe (AB). The ~ 

.sa ~ 1s 'tIN7 sensitive to the 1lftCOrtalftt7 ID f, the re)A.ttc beSlJa .. 

and .fJ1nce 

webaW 

!3. =: '2 .:!..f.. 
£ f 

dE: -;(~{J d~ 
E" 

How,.s1rlcG tbe ndt1 of 01l1"Va:tus"e of the paniolAta we an ~ with 

fU!9 ~ (60ft ) ~ to the ~;.." of the magae' (30" • l2"), (is 
qtd.tt emall, "tag lJO. . fheretoa. 

6£ ~ 8Df 
t: .'. 

ttheIlt1·ta the. tnotioDal ft"l'Or ill S COftespoiLdtag to all ernr of ~fla 

t. H9noe. - 8I'rOJ" of one 4egne 1n tile dettmaSAat1eot I' rem4te. U • 

U$ eft"Ot." • tba value of E. 

geoauae of tb!& lezae poteat1al ~ a tb.e~. "was deotae4 84-­

~to tiav. an a4cl1tloMl.em of measUdng 't.hiI'0I'I8I"I1 ot the~. 

'1'bbfofOftj by..,.. of a methocfto bs ~ !a1Nt~ !V-D .... par\lo­

lea ~ .. weft ... to ~ tile R,4 'lbe .... DRl" be-'- the 

~_ ... br these _ methods was qUite pod. FoJo· it1atImoe, at . 
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A. Da ...... 

The DOUtron beam, ~ end oo1l1ll&tod aa &tscrlW ill 8eot1oIa lU, 

baD a oonsldarablo tmel"g1 apt". 1bo speotrum as ~ e~ 

tv Ha4la7 .t a1 (14) u4 BrueokDer .t el (15) III 0CDl00t1cm 14th n-p aoat ... -- -- ' 

IDa 8~ sboml a peak with a madam at abou.\ 90 ffIy, an4 a halt 

w14th of 2, to 30.... F1guft tY-l is a nprotnot1GG of \be .opactNa 

... glWJl fll tho paper 111 lIad187 .n ~ fbi) eoU4 CUlW sholft 18 the t1ltoN­

t1oal. opectrura 4ar1'1\14 b.Y s.rw(12). 

All dNoribe4 .bema, the 1». 1tJ oo11SaW to a ~ .... 

sectsAa wh10h I:IOG8UNa 1" ~ and 1 1/2" hartlSODtallJ.· D.v p1ao1Dc 
". 

n 1GDg oopper bar sa ~ ~ bea.a in IUOh a wq IUS to eh1Gld ott. .oat..­

er b'OII the 4!reot baa t4 ool1s-.ted 11811U'or&s, we haft tom¥! tbat :s.. tbaa 

1$ of the effect. ftported 111 tId:s ptlpeJt .zoe ~ bt ~CIUt otrbalt 

tbaa thoae co:dllg 4!.notl¥ fItoa the C)"ClotroD. 

n. .. as 
-' photograph of ttl. magnet 18 .bon 1D naun 1'f-2. l' f.tJ one of 

tbNeJ pnerel tltU1V magnets CIO:b8truatlct .t the Ra41atJoQ 1&bo:ra.torJ. 

ftw poles ~ rectangular aDd ~ t.I.d.rty 'tf' twel..,. !.n~J ttJO ~ 

• 

gap 18 t:mG and three ~ra !nches. !'be CS'Ci'J$nt to tbeI ccd1e ill euppl.1e4 

b;y aD el.ootrcalcal.11 regulate4 IIGtor pneft1tor set. 

!be t1e14 eurfient. oal1bftt1on wu tI8de 1V bDe ...u 'a ...-Ue 

~ group. 'fbi t1e1d cen bit .n.d OOI1t~ tftII 1500 .... 

up to 25,500 ptJ88. !be ooUs an air 000184 aII4 ~ ~ .. tte 



'", 

17 

( 3 ) N 

o o 

> 
UJ 
::E 

z 

>-
(!) 

t1 
a: 
UJ 
z 
UJ 

(!) 

Z I.&-0 a: 
t-
::> 
UJ 
z 



/' 

(150~, 50 volta) at tM JWdDllt fte14 ~ 

c ..... 118\12. 
The eoatteJoft Gl'S' oarbcm, oopper 8I1Illead reof.aerl,e8 ~ Sao_ 

lcmg and ... ba1t taoh wide. ~ aft pl.ao$d lD the' ' .. rith tbe 10cg 

dS.-ioa .. "~. an4 with tbe tb1ae'., ~ tub, r..'1IOft81 

to tbe 41IeoUoa of eadsss.a of the part10ular ~ bema stuU«l. 

!lie &Oat ..... thUe 8'UbtAmd8 the eattre 1Mtam 'feS't1$a.llJ, bUt onl.J a 

emal1 po1"t1oD or it borlzo.atallr. 
, 

The th1ckDeaa ot the coatteMN ill the' ~ of the _tW 
'., 

~oles UDder stu&7 is aete:nd.Ded b8 a ~ 'be'fllMn aetUaa 
o-! 

enough aeco~ ~ to tltWk 191th aM hav1ng a 1.'eUQDIlbll small. 

~ l.oa8 10 'b soatteNr. !he va1ua oho8tm was ..... ighth tach t. 

all thnematerf.a1e. Ca1culattcme ehowila8 • fJtteeta of tbe t.b1otct:leu 

01& 1lbfJ ~nta aN glwn • SOetiolI m. , , 

'lbe slit (plaoecl as shon sa Flg\l1:'e8 m-t &t1d m-a) ... forme. 
117 plaobg two lee4 brloks fa the Jll8glllet. gap D$8f' OM~. 1M b2:1.0k8 

weN two 1aobes Wok ead t~ iDcbea 1q. The cUt t~ 1IU c:me-balt 

taeh wUe. 

A dttaUe4 sobamatto ttrawiDg or the counWr t.elateope te ehowll fA 

Pigu:re IV-2. 'lbe tf.Nt tube is tb8 OM uae4 to' ~ tbe spedtlO '-S.­
ts.. o.t the~. Xa th$ e.r&v ftIaP of b:t.~t bee, tbe apaoitio 

loalaetlon 18 quite small, belDB t01! 1tietaaoe 8 _/_ of .AqoD tor 100 

"protons. b tint w.be has theretore be6. ccmetl:11c .... witll • 



• 

uetal'lAmcth c-.. tlo.l.:b' the lAmcth of tbe eo11eoUDt wSN) ." 

2, OIl, SO·88 to prov1de ~ 1ar&B pal.eN. Jiniag ... tI1bo 

rather long .00!DpaJ184 to its ..... also aI.dIa til NduciDg the 1mportanoe 

of om ettecte. 

fh8 coast1Notlon ot this OOllftter sa quite e!mp1e. tt 00Il8ktie 

of a bN8a .,11nder with an lna1cSe dia1IIeter of two .... , sea1e4 at .. 

. m18 wtth _0 lIIU 4Uft1 w11ldon trb1oh ... held agstatst ~ peke_", 

a otan4a:rc1 l'tng and tlaDge ezorangeraeat. Tbe ~';' of t.he CIGUft1:eItlea 

ftw mt.1 Jd.okel wS.N 8UppOI'ted at each encl '" ~ OOPP8~ td.tw (.050'f) 

which paG8 ~ the walle of the .. th'rouP I89ar .S1Ua 81&18. t1Ie 

oamte. is 8'I8OUate4 &ad tulad thNLlgh a ~tor ft1w p1 ... u ~. 

The pa iD the .~ ooutats of m __ plue " COa at &bOat 1.1 

a~ prea ...... .,...~ 18 ~ operated nth the ... 
, i 

¢t.nder at ~ poieDtial, with t.be ,.. at .'bIll'18OO YOlu-poelU_ 

potentla1. 

vart .. ltlw8t1pu.a or the operatf.ftg obda .......... t1oa of tbia 

oounw .... __ "" p1aejDg an a1pba ~ ·(Po) iDe .. ill nob a..,. U 

to _1i alpbu .lV. al.aDs a lJae paa1.1e1 to the aIlO4e ~ pnpend1OD1U' 

to It. 'lh& PI' ~t.oa and tho. rat. of GbarlIt of gaa .,1t.fl.caUoft 

td.tb ~ '101 ... (_lq 'tr e. taetor of _~._ ~ wlw) 

WIt1'f8 tCQllCl to ......... t.1staoto~ wtth rew1te gl-. __ Yell eD4 bst,(16'. 

A t,pHal ..., .... of p4Ie he1gbts flltOIl abe ot ~ Do IO'IINd le 

sbtmn t.n Ftg\n tv-4. the postt1oa of the 8-.. (ia the nIUa; tube) 

Sa also ebmla. The d1etrlbatlon is 880D to oorud.' of a ~ wt:th a ball ... 
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d4tb. of abaGt six perwat of I.ta 1'81UI. ". • law Il!JII8fIF tdl. 

b tail t.a ~ 4u8 to dphu .'ffhloh hit .. waU4 tt ....... 

a.r .. _topptDg at' 1rb1oh haft autt..s lOatwiDg tollSalou fa tbe 1121_ 
. . , . 

tube. b pulse hetaht cU.t~ .~ Sa tbe .. wbfZte tb$ 

e1ptwA ~ puallelllo ., .." ....... D\loUJ tbD ... u that 

....... 
. I 

!hi Po eouroe CQM1ate4 ,01 a ...u ~ or po1GDtle plated., • 
• ell,.. aph$", and wae ;tQpplled .... llr. Rot.n t.~. 

fba ~t.a pleoed _ the eeoont and tlaird 00U1l __ of tba 

t&l .. oope aft DOt a8 ~ .... OD tb6 tbGt, theJ ate ~ 

on1I' to be able to a.teat .. pal't1olN 01, f.nteIHtt. tbq each 00M1at 

of ........ ebeUe, w1th tda4_ .. 8~, atI4 wltb All ... w1N pMGlDI 

~ the ..... ODII. 'l'btt 0Ilter shell Is tbe gas ~, cmcl the .f.rIneI' 

.-u I.e the bf.gh voltap e~. Tba rift .... trDppOr1e4, .. tD 1M 

... of \be tint tube, " ... ., a 'Jawv 8Hl ~ d eft 

~ tot. ~ ,Po\fta~ ' .... ,1,. ., .. poteaUel ot the 8114 

- ,of tbe tfftt ~ of the' ~,].ltW~ 

'fbe tbU4 tube bas beaD OO1IStruotoct so _toOba. a ~ .. 

(4ft 11 4·) In the plaiMt l*l"P"Il410r0- to tbe I:d.a at the ta1esoope. ,.,. 

... ....... 18 balptul. t.a plWf8DtiD8 t.ba lmJa of pt.'ftlc1ee trbtob fJI!tI . 
\1DCIeI'go -.n aDSle .. ~ fa the a~ Whioh l.a p~ !D fJroat 

of tbts __ ID .... of ,the ~ to bJ'~ .. .,.. to 

brIw both a taat oolleet1on u.' ami • ~ ... it la ......"" to 
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p1aoe ~ p&1:'Q11el. ooUeoUDa "".. sn th8 tu1se: fA BWih .. 1I8J tbat 

all ~I pUs witb.iD at ltOat two _ of ",,~ (J~. 

thtD (2/4 aU) ..... of dun1 8ft pla0e4 ~"Q b .1ft8 &Ii4 at' Jd.P 
.,.tl. 'ftlteae ,,1 tb aepeot to theil, eo tlIat 1lbaft .. Jdcb. eleotzi.o 

tt.e1il8 at ell polnta ill tbe 00\lft'tU. 

'lbI el.eot'NId.o ,~, _t.et.e of 'two pu-te ••• 'of apUts.e, ' 

~, and oof.Dot6lmoe pte tonsac ualtebUlt '" tM lGMtroal .. 

Group UD4Gr .., 'ctiftotloa of a.. ~ aDd • pu1U Mlgbt ~ 

fJ)'8t.em ~ '" Dlattl' aD4 8aD11a(U) at tile ,. Al ... S~ 
fAhoftterJ, ,and bQUt. trlth .. aoeJus..ttou, bJ W. 00l.cIew0rtbt .. 

, -
~ MIIprt4 at t:i:I$ tfa41atlOD Iaboratos? A b1.o8 diapae of .. .,. .. 

b aboe sa ,. D-J. 

!be oa.tpJ.t r4 HOb ot the tine, GOUD..-. ~ tnatecl e1t1ce' .t """. 

ta euh oue 'tile d .. ] te ted into a ~.1. bae .. caSa of 

e.bOltt 20, aad then to tb6 cam apUtDrt wb10h baa a ~ ada 
\' 

~ ..... aboUt 1000 __ 16,000. !aeh or the ~ tIeat .. tint 

ocamter ,then l8 41Y14e4 tAto two parte, ODI of wblOh 10M to tho delar' 

UIl1t, stu.m at tbe 'bottom of the 4t.a&ta •• tIt" So't 18 Ml4 up tw ~ 

lJJ alo~t ~ to \be .~ pul8i f.IIIDU'&toI'. atl4 therlGI, 

D8gl.eottDg tor the ..,..., tiDe box tarlre4 .oo1a~ uas. .... _ Mcb of 

the eeal8reeban ~ to tbo pu18e beSght~. ~ OQO of 

tbD80 aoa.l.eN tlNl boweftr, 1th1oh ODe Wng daterdr1e4 by what IIapptM4 
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, ....... l,t,. lArt u OOIUJ~ the ~ .. tdtb ... t ... 

Inc ~ e. fII. a fte14 of '1.400 ..... and _I' of 60-. fttll .... ~ 

of R ea4 f the ~ ..... tSeteotAI4 ehoVl4 be prot.cIuI of eboslt 6J _, 

ad 4wtel'ObS of doutt 31 1ItY. 1ft ... to ed.fQat the ~ pta of ,ttMt 

oou.tttDI .,.-(~. pin t .... 1III1t.t~) • 1/4-,.,. __ . "'. . 

lae. (OBala, eoatt.elw' $a tint -' sa the podttoe ~ ~ , 

to' the 0, ,ca., .. Jib "'''tMVI. , ft ie kDowa t.. .., -~teSDs ~ ... 
tat SA thit ..", ftIQfJI th8 .... of puU.oleta 00lISD,g t.- a-pooUtatou. 

, . 
111 of whS.oh ... t be pro ... , te ocma~ ___ thaD the ... ___ 

,...·a-o'lnteJut1clu. The pa1te t.1ght ~ U .adju8Weo tMt .. 

,otwmole .. tift 'VOlta .we, bealmd.Jll at ft_ volt8, 8tl4 tt.D the ~ 

p:4ee aap11t1oat1on is 043ueW eo tbat. I2O:8t or the ocrnnU trOll tbIa _, __ 

e ... DIU' the bot_ of tbe pa1ee ~ • ..,. tbe aeoont1 or tbb'cl , 

obntDtl. tIalder tbeae OODdlUoao .. ..w.u..l SMU &roUP of .. te, OIU'" 

" b7~, wm be to'ODCl ..... tbe~top Of \be~. !bat the prta. 
" 

cd.pa1 peak IUl.l7 CJGD81at8 of protabe I'a~ thaD ~ 18 Gbh1cII4. b1 
, 

tMplacdDg the (CSa) .... th ... t..,. ..... iIdDB aD ~ ... of __ 
\ -' 

, 
tbDpel'tiolea ,.., wo be 0bJ0ke4 by ~ the PQ1M bttcht of ... 

pRtt .... to the pa1ae heights produoec1 'bT the· po~ alpha '0U1'0I whioh 
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• 

r~ V-1a ..... tt. ~ -labt d1etrlbuttoD obta!a84 f.D • 

3(X) ·MOartd tuD ustng a vaa cal'boD aaa~ (801W OQIW) dth the .,.. 

... adjueW sa 3utt dnor1b14, and tbe d18trs.butloft ob\ab.e41flth DO 

eoattAmtr in ple.oe tor the --leDcth Qf ts. (-. ... Maltoriq qat.. 

eU1 'be duOl"iW late). ftauN V-1b tboft eht1tre .. tUtfwwnoI be~ 

theee two and 10 t.hU8 tho pGlJMt height cu'siriba:tScD tor ·taw ,.rt1clAll 

~t1Dg sa the 0U"bcm. Aotual17, the. data WIN o~ ta. tiro 

.tape, s1ftoe the ftD&I' ill pal.M heigh_ ebowft 18 ~ \baa tba .... 

ot the pals. betght~. 1M ~ pal"t of the 41atnba.tioa .. 

obtaSNld with the p1t\lee height ~ .. t to ___ pal_ haYSag 

, heights be .. ,." ftlt8, ad. the upptI' part "ith tbe ~ woftirC 

1ft tIwt JIBD88 of »«> YOlt.s. ".. __ of pulaea tOdlld '&bote " 'IOl. fa 

the MOOJ:a4 ease, all of _hioh. aft ......a.t.le "> .~ •. ~ witA 

.. 1I'I1!Sbe1" tra tbt eurpl.U8 cthaaDel sa tbe tSftt _. 

It oan be IIMft that the pulau ta11 Sato teo ...,., ... 101M- 01 

wht.oh 18 k:ftoIm to oonsl8t of pNtoa pu1MI, t01lJ the ....... atftD .bow. , 
!be 0" group 18 __ to haw an. &9f4"aI8 pa1ee boigbt tImIle t!Me .. 

peat as the low:' araap. and thln"etore OONJUtJot ~ p;al.... A 

ft&rtheJJ Wok on tblae olu$1ttoaUc:m .. beta __ bt -.ktIac tbJ toJ.l.o.tio 

bg abaorpt1GQ~. A ~ tl1aor'bw wbaa ~ t.e ~ 
! 

'to tha mnie of a " ... _ ... (and ,... a " 8IY pIOte) ,... plaoe4 

1»twtMm the eeoond aa4 t.b.1r4 OOUbtere. It ... thea ~ that ... 

. J 
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Pu1eos tl'GII t1r8t tuba more .tba1:l tift volta blgb - 11/ .. . 
Pvlsee fI'Gm ~ tu'be of mattlo1ent height to m1ce ... co1M14 __ 

gates (S YOlte) .. - • ......... "/seo. 
NlMa ft'om thUd t.u1:e ot ·sutflotent height to IDflk8 eotno1deD.ee 

gat.e (' wlte) ...... - .. - -70/I1IiO. 
D ....... 

SSIaoe tbe aeutroD _. tluotuat.ea 8OlIIiIIflaat., 1t is DIJOOUU7 to ... 

• IDDltoriag tJ)'Btea. fte qat.em uae4 be" 16 .. wbichbaB bee". teaW 

8D4 vae4 b7 " DUa. of ... ~ at .. aa4SatloD laboratory, pr1J:I­

oSpsU, " A. BJta~. LlU.ldebral14j C. "lttl, ad B. I. __ • ft 

oonslste of a ., ftl.le4 pI'OJ)OJ"UoDIloouate trtd,ob. ia ~ I#tO tbe 

OOIlC1'8te qclot1'on able1d1na a few SDobN ..,. fl'ora the hf.gJ\ "l'1D' _\Jt.1tOD 

oallSmttDg bole. fbe bole t.Dto whiCh It 18 1aI8l'te4 is ·la tact ... addl­

tS.oaa1 ooll11latSlllhole pot.ntoa at a 4t.ttetwn. ~ot the ·0000000ron. '~', 

" b m.r end of tb1e eeOGll4taolo ... plu-" cluri.D8 a.. aptJ1aard:e 

wlth a six toot blue OJUn4er. Altbo11gh the _tar 1-.U u, .t 
.... , eene1ti_ pr1r&o1pall, .onl7 to elow _~, it moaltoN tbI taot 

~ beam 111 the tollowtDs wq. bt or tb& ,aat IleUtrorm wld.ch 00IIIt 

. tbrcA1Sb the bole through the sb1eJdlag etrs.kll the aWe1 OO11tcnor place4 

Sa ttbI.outer end of tba bole.' !he, .. laelaa\1~ ..,.ttue4 then .. 

produce .t.n ac1dltloD • DUI1~ of ~ aeutroDs, which ~ then lIIOCleftt- .. ' 

ed by thct 001'1Cl'8t4t, and become slow D8U?oU. Same of tte. ftDtI their 

'II&)' to the _, CGlUlter QZld aft than 'reooried. 2h 1I08t of b ~ tiro 
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,&UOb. COWltars 1JIIU'8 use4, one aimpq sarviDg as a oheck to show that the 

aenalt1v1 ty of tile other bad DOt cbange4. 

o. Cl9In"a ill at JlI.ta latta ali! DSlII II! A .at .. 

,~ V-2 sb.owe a oomplete .t of aata or the t,pe laF1gI.ln) V-l t. 

a sen .. Of dUf'annt 'Rluee of • .-tto tt.eld. Tbe t1rat fP.'&Ph • ..,. 

ibe cS1strlbutton ol1taSnecl using a n.14 of 4470 puss. The <luraUon ot tbe 

lUll was 300 aeoonda, u in aU the euooaedSDg cue8, ttW bothtbe ... t­

tel'8r batt OCNllt, aDd tbo bae1cgrGWld eourrt. 1"bD IIOD1tw 4urlDg thS.e 

tSIae ~rded 1'15 x 64 4l.ort nsu .... COURts·. At t1W.; ftl.ue of llagnetio 

field onl¥ OM .II'CNP of partloltaa 18 SMA, oo~pcmdSAg to 2' I8V protcma. 

The U.5 .. cieuterou wl:dch woul4 have the same R,P aft not able to ~ 

tate all of the absorbing material along their potent.1al patwh, such as 

tile air, and tho uounter wmdGrm. The, next, and eucceedtng graphs s_ 

, tbe 41stnbu.ttODS obta1nec1 at ... ~1Oated valDes of H • The mord.tor 

OCIIlmt ~c1 ~ each IUD 18 alao shon. The gre.ph8 a1'8 8lTIiDa-d 1D 

Ol"C1er of lr1cnasf.ng 11 ADd thel'etore 1noreaetDg OlVft"gy of the pan1clee. 
, 

'Tt» proton peak ,call be __ 'm.ov:I.ng 8tla4ll¥ to l.o'I'er val_a of pulee 

b&1gbtoinoe the apeo1flo icmlraat10n deCl"ea8f.t8 with 1nonaaing GDVI1. TIle 

't!rut '4outeroD peak Gbowe up at 6350 pus.a end OOl"1"88ponds to a deuteron 

~ or 23 Mev. _ At \W7 high __ t1c t1e1cl8 the protcm.s 81'8 seetl to 

diIJa~, tmd • ., ama11 peak to the right ot the deuteroDs 00II$8 loto 

ulstrmce. From 1ta position, and from abeot"pt1on ~nts, this peak 

18 asori.bed totl'1toDs. 
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, VI. DBfAIL C1I ~ruJlm !Bl'HOl) 

A. "?atlMD1'crt1 6DMswatr 
~ ~t, aoattesv. and aUt QSta Sa .. t lip U ill tbe ~ 

epao:U'1c 1oD1sat1GD _thod. tbl oouater t&laacope is plvslcalq tM 

8fUI8 u batore, but tho pW.seo pDU'&tad thgre are. tNated d1ftentntlT. 

110 pW.9G height ~ be1Da uaod. the abBorbor bataoft the ~ ami 

laet countom is an H8ent1a1 part of the ~t. 1te th1ol&:t»sn b&1r)g 

lNI88Dt1al1,y the uZ'aIIg8" in qWt8t1on. 

!he duensit1at1an ttetbod 1..0 a acheoo tor ctetect1ng partlclaa whole 

Z'8J\fZI&B U. be1iMMm II ... R +tJ a. wb8re both R and n ft mq haw erIT pn­

detem1ned ftluaa. lJsiDg tba ~ tdloacope ~J1t deSOJ"1'" aheM, 

R 18 t\etem1ned aimplJ b¥ the abIJort)er beiMeh the 1ut two tubes, teJdq 

Into &«ICJUDt, at aouree, all other absorbing material 1n the teleaoope. 

!!1 a 10 deteft'l1M4 by the 8elUJ1tiYit)" ()f the last counter, u ou be eMn Sa 

tbe toUOt71ng oonsidlfttlono. SUppoee the ~ aplif'1cat1oD (£Il8 1821-

tI.p1!caUon and .,J.oetron1o ga1n) cf the hat counter aD! 1te afJ$OQ1ate4 

ampl1.tie1" 1s-adjus'te4 so that onl: pulses with e. bed.ght greetm t.han Vida 

ClAD be detected. Tam w1l1, of 00ll.r88, be ~ to the epeo1tlo 

lan1zatton of the ptU't~ in qt~ t1mN the lenIth' or ita path sa 
the oounw. l'n the appliGat!oD O(IUJJ.daIed hero, the 1lUm'bln" of pe:rt1olaa 

which aetuell.y stop 1n the last tube 18 comple-lY n.s1~.ble. «ft4 ... w1U 

tbereto:N aa8UZ& that all pU't1claa haft tbe ..me i*tb larlcth in tbt 



I 

ootJlJ't...r. Uenoe, ~ those put10lae with a apeolt1o Smdrat10n fP!"N.ter 

tbaIl some m1n1.mum, 8&7 10, 0Ilft be O<'IUIlted. 'l'ho relatlcm be ..... tbt 

Md.4ual. reage ot .. part1,ole, !rl th1e caM ~Aa aboTe, and Its apao1t1o 

fMdsatton was found 1D Section U-S. 

wbtr& a 18 1Ddepenclent of tho pFOpert1ea tmd ffl'2IerD of 't:be particle, 

clapmdtng only on th& al'lGorber _ter1al an4 the ... 1ft tba comrter, aD4 b 

clctpenda 18 addition on the owrall anpu.r1cat1on. That Part of b 'tt'hf.ch 

ct.pendI em the ps 1D the COUDt.er and the ovorall amplitioatloD wu tos.ma 

b:r oOllpal'lDg t.bo panicle pu1Ma to pulsu produaed by alphu fro:: • 

polonium eouroe p1aoed 1ft the counter, and that part of b wh14!h deptm4a 

OD tho sbeorbSDg -.ter1al, in teNs of ",b1ob ., .. 1sb to ~11 it Wft 

touDd. by oonsult!na t.b8 appzropr1ate 0UI'ft8 sn the ~19B"pt lAw 
Jialr.cr ~ 001lIp1led b7 AZ'Oll et a1 (17)us1Ila tbe "ell lcDown Betbe range-

tIJIDI1l1 J'DlaUGa. 

111 ~ uae to which tlds Sl.'tthod 18 put bere, 1t 18 DOt ... aarr to 

br:m Ylbatl1ll J.a pl"eOiseqJ tbe <mq "~nt. being thatl1~ be rmoh 

o. ImIrWntraJI 2rae3'D 
As aD example, lat us GOnetdGr the cue wbeJle1a the appa:at\1s ... 

eet up eo as to obtIserw part1ol88 lMYlnC the sCI&tterer at an aql.e of 

100 with reepec~ to the d!.reot1all or the neutron beam, and having a IlIUD 

I 
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haw tmergiee Gueh that \bey Pus undetected tbrwgb tile dNeMlt1.s 

oounter, and t.I» oouatblC ftte deoNaaea. At.tU1 bJ.gher fields, a 

ocmdltioD 1a NaOhe4 wbWe the dw~ aoc.pte4 b.r the aUt eptea ha .. 

rauae. be __ B 8D'1 B tl:!l R arJ4 aaotber peak ss-t'. to tbe t1ret " . .., 

ttlth!A tile aootII'a07 of thta dJ81"tr1aDt, (tbe~" ta! .. 
4t.souee04 in Seot4oIl m-,) tbt two PNk8 an .... to ~ indIe4 

to protoDa"~. ",. _/ or~, _4 tbe ~ UIIIId, U. proteD 

peak shou14 'bOlWtioallJ' 000U1" at H • 6t.OO 18.. ar.t4 the 4eu." peak at 

H ;; lO4OO pwaa. II»1eoftr, tbo nUo be __ the __ of tbt parUo1ee 

aldDg the two peake aall be ohMke4 wltb put.. oe~, U8U1IdJ1I the q'. 
of the p&nla1ea to be the ... , siDoe then the ftlue of I dOH DOt ..... 

!nld.Dg tbe "-0 pe:U:a to be at S800 pUla ab4 9800 puaa, ana \18!Dr the 

4tqUatfr.oDQ ot Secttaa IX-D, tho ratto of the .... tum. out to be 2.CI'I. 

FlpN VI-l wo shein aDOtilel' ourua of tile __ t,pe .bta1Decl t. af 

4.0 P/J. -"* abBorbel', tM ~ pl'Otoa abt1 4euteroD. eaeqtea 

ia th1e . oue .... 68 ad 9.3 Mly. 

fbe aprea4 So fa JWW. of Cll1'fttun e~ by tbI .u.t a,.tn ... 

.. laraer Sa tbe QUe of tbeee .......... n:t8 than Sn the pmViCJU8 cue 

tor the tolloriQg ~ Dotb the a1t.t fJJI!Itn. whtob· ~1 .. ltb1D 

-- ..u l'Snp of Nuee obarao_l88d b1 ~ I' and tht deaDslt1le4 0GlIIl_ 
.,.. .. , "bleh de~1IlH a wlthbl SOI8 "oaalll'tmp of B'. obaraoteJo1lJld b.1 

fl a, aN q8tena whioh oan ftx the"nnp of ellfWg1ea dtteotbd wi th1D 80111 

range ot 'fal188 fll. In ol.'6W to tut.~ the lUulte obta.1Ded, 1t S. 



aeces881"7to have ill as fixed b7 .. or these two SJ'stems be t1'8ICh Gmaller 

than tbat tbed by the other. SiztGe tbe ill as tue4 1;1 the c1aSeDSlt1a4 ". 
. " 

OOl1J1ter IJ7lltemla ~ easier to control and deteMn9 thaD t.t.!J. i that 

ca!l be fiMd 'b7"the s11t 818-, Pf was made c1eUbera_~ larae. ;~ e 

1\1U.8t; of 00U1'8G, a1eo be small aougb to resol178 the trn peaks ehowD 1ft 

Figure vr-l. 
TIll B I ~ _tbod provad to be interior f.D sew:ra1.,. to tbe ar 

~1fio ionization method, not the lsaat ot Wb1ch vas that it ~ ot 

the order o£ flve to tont1mes as long to got the" .. __ t of Wonna­

Uon. It was theret ... DOt used ua __ of gett1qa detailed plotute 

of tbeparticls lmook-ou.t prooesaes, bat 1tdoeIJ .. tva as an a4dltloal 

Check on the tact tbat the dcuten:m )"1eld is tIE tho ... order as the protem \ 

11014. 



-,42-

" 
m. AHALtSIS or DATA 

&. llIMlI'IR ia4 ""' .... At 1\4 . 
" 

As MnU0De4 1.D seetimt. m the t!al _~t of thaI 
Of tbl peiottOles 18 .. b1 l\II.8Il8 of tbe particles tbemaelwa. As q 

~ or .. tbla le c.toDIt; le~ US OODs1der the ~Dt of! 
teaiD til tbe caee of the 00 ~ts.e 4eaoribed 1n &!td1 lb s.ot1C11l V-A • 

.,. '~ ~ .. set at II;. ..... , 1'1bleb gawa tteld of 68tX> .pusa. 

'Ibe nUo of protem oounte tI'O!I the· ~ 'soattereJr (with the ~ 

am1:JtIeoW out) to b ...... CtIUft't _ t.bea obsezwct. 'lh18 obMrftUoa 
\ 

.. tbfIJl i'GpMW with ~ tJ:d.elassee of oarbonalxtorbor betIMaeD tbI 

RoCD4 fJI1It tb1r4 tuboa. 1Q t.ldD .,. .. attmmatioD eu1W of tba protons 

was o'bt8tmd. D7 plotUDg the. nt10 of proton O:01Dlts to 1'l!aIl1t<w oounte, 

WZ'aUS tbe enersr of IS pI'Otoft "blob eaa Juat pmetn:t.e the t1lWJorbu 

(taldq into accouat abaorptioD by tbe air 6l.ld counter 'fI1DdGwe) .. obtata 

. the ~ 8~ of protou sbawil 1ft r1&UW VII-1a. II 41tt8l'8Dt1attac 

tbt.e .... (~ b,y au~ the (Il + 1) at point tree ,. atb potat) 

a ~, shown 1A FlaUN VII-lb, 18 obta1oo4 wb1ch 1& the ODDl"Q' d1etrlln­

tta of tbe protons "blob aN aooeptec1 b7 the slit S)'8tem at tb1s ~tlo 

t1eW. The mean ---87 !A tb18 ...,. 18 seen to be .52.5rir1, with aUgbt.'b' 

Jue thaD ona-Mlt otb part10lH tall1ng between 50 and '5.... fl 
Sa thUfJ touacl to be ~., t.not.. 88 oompare4 with the pOrIotr1cal val_ of 

60 ta.ot. •• 
f 
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B. 

"the ultimate goal. of tbie aperlmemt 18 to deteftd.Ae tbI 41ttel'ent1a1 

croes aeot1oD for tbct ~Uon of MOOnda.r7 oflar&9d parUolee of enerO' 
drr;, (e £) 

E at an aqla e. We eball detiDe th1s quantitq.. d ~ d,' £ 

(abb:Nvlated in 1m tat b.v Jr;;.) wt.l'8 the sublorjpt P .ta.z.la tor pzrotoae 

and d and t rill etaftd for cieuter'ODs and tri tcmS. The UIl1 tis of tbie 

quantity rill be lIillSbuDa (W2'7.i2) pe1' atend1anpor lIlY. Beoauoe 

of tbI ftnite re801'ring poMI" CIt the slit ._, th!s quantlV 18 DOt 

t!III!IU'UI'Wd at a sSagla ~, bat ita 8"IR'q8 w.lue 1»1'.MMm .., l1Jd.ta 

11 (1c.e1' .....,. lJ.m.1t) e:a4 Io.(upptr fIIIt1U"fJ¥ lS:mit) 'is the qWmtltJ' .. bioh 

te t«eel. .• the tollowtDc cU.acuaa1oD, tbe abcmt s7llbol w1ll aleo t. 

ua.4 to .... its enrage ".~ betlMn tl .. two~. Ie aball 

tINt take up the absolute CIe~t4oG of 81 and "', GDCl the nlat1w. 

_~t.1oD of dfli:. • aDd tb8D lawr dtII .. n. tba metbodll by which tbe 

abeoluta va.l.UoI of JrTp is fOlWd. 

1'A the foUGWbg ... shall oan tho mean energ or tbtt parUclaa ao.pte4 

bJ tbe mfilDGt .. ' ~ ~Isa .w. ~. the .14th of ~ ~Q' di8Wi­

but.1aa of tbD acoepW particlea. 

o. I14B9VSlP at ... '- »a SiIa "Ill 1PUaiBl.t l1da §at .. 

For etmplJ.o1t" let \18 talcI tor tbI aplotl'um of aooepted p&rtiolH • 

reotan.gu.lar etap tunat10e of ,,14th .. - 6 ... om"",, at "- - 52 IW. 

6f .6E ( tJ(£~ ~ Cl€".,.. ) 
~. stn. t.bKe Ie a e relaW to ~ E .... ~ ~ e t. 1.!llIal1. c;.. , 
aDd s1noe E! a.pen&i CI1ll' GIl .. .... 1'4:7j ~ • conetrmt~t of 

f ~~ 



ell,....,. TherefOft, to, get the ~lat1 .. speotlta of the pcu.-t1olas at 

, oacb anile. _ have ~ to 41v1de the relaU.VG COUDt1ag l'4W ebsel'tM 

at each magnetlc £1014 bts." 

( 
d<1p (e,€.)) , 

d...o. dIE rel.attw 

;V~ ((;), ~--) 

(1167f) £"'" 
. . 

~'1p(9.l\a) is thei'l'tlnber or prot.GM oountei, (BoD) 18 themotiitor OOUDt. 

'Also , .. haw tbtst tol.lowJ.Dg obVious nlaUons £01' the Umits otthe en8rt11' 

.~ to which tblea Jrrp ~. 
r :: £: - ~€~ 

.D. c:. g , ,.. :1 

. r + ~£.,.., 
E~ ':. "'-.,..,.. ~ 

D. .. .. taa" AIa:ata aa .... al DlitiDJ.skeM' 
.... the illtuatlon ,is oonsjdealUl ·morec~ted. TIe eMU ttnt 

.... up tha,deteN!na;tloa at 44",(4<7". e4 a~t bGlngaetcmd.ned m tM .. . 

.).Ctma1der e. .. ttear of ~ T eaaboml 1a ~ m-2. 'Irotoae 

orS.sfJaatSDi 'it). tbeiatena1 4tat· tlRl1St ba'Va Etll8rgies beWeen a,. (t) and 
,',', .' l)€ .... , Batt), w~· ~('). 18 sueh that ~ proton rill ha'ft aD6Uq'I a. .. --r-

... it reaobGa t • 0, __ 1
2

(1;) is SUOil tbi.t the proton ww. ~w sa --iF 

'l\t 4a ~~ It we no,u 4etlDtAE(\) u ~(t) .. s:,.(t) .. ,ctm ~ '4qp as 

tolloarsJ 
N'p (e,C?t1) 

-
(11~) flE(r) 

when 61(1) is tb$ flWftt.88 Ya1ueot'Al(t) ~t .. Otmd. t .. w. 
It .. iD~ the qUaDtlt!aS r ... 'lbsuoh that St. is the 'i'age 



be:. . . 
or 0. proton of ~ I\t' • ,.. 'Iff in the acattoter material, and 1', is 

"laW 111 the same fl81 to ,. ... ~; we mqWl'1te, 
E. (I) -= £" ( ./) .. 1-~ ) 

. I 

E7l. (/) = £(/10 + t) 

wbDJIe· the .,.bole on the r1«ht stand fop tb.e &"'81 of ~toas havlDc 

h ~ irt. the parentbeoejh Hence, 

DE(,I)= £ (/1 0 +t) - E (/)a, +r) 

To fiDd61(t) theil, we ~ malc$ a graphical ~1$ uatng tbe OolleotS. 

of Baqe-~ CUrves. ~ by JwcmU !J(1') -iDs tbo Be" ~ 
efterQ1 l"8latlozl. Jt DSq also 1.» toanct lw' alaebraf.o ... t»lng the pIG-

c 
~ qUoted emp:lrlOallela'Uon be ... l'aIlll8 end ~. fita t1ret 

method is the taOSt &OCUl'8. 10 pl"iIldp:i4, bUt, beoause' of the d1ttlcultgT 

of :readinl t.he graphs wll enOU3b to _~ tho. amaU cUttC'eD088 in­

~ftd, tho SGCand 18 mWm 110ft ~te fa pfaOttoe. flll4 ta the neth04 

uaed ben. 

Fv the emp1r1cal IGlaUon_ take &8 'batON.· 

1\-~ 

~ k a.pen4a OD the obarp, and mass 01 the paJf.t.10la .. qu8atJ.oa" ea4 

slJ.to on tb9 ma~ it 18 penGtwltf.n«, 8Jld • 18 enempiri4a1l3 ctetel'll1De4· 

Dumber, equal to 1.lia the e_raY ",.. of u.iel'98t 1'1tItN. 

tf [j) .'t )r~ \ t: ) '~]. 
(

17 .. ) , (_6 + _ . _ (/;. /) ... 
J( . .lJ.. /)...... 



u4 elrloe E.,.,. - 6;:.,.. =. £, Co) 

M(t): E,((» [c[I+~]\ J.. )Vc._ 0+£/'] 
At(i .. ) . -

. rJ.gUre VI-2 g1we a plot of' - .Uo 6e.,... '9S (t/ra)' oalculaW4 

tOtl ~:- .12,aM also of tbe 8.%". of tb1s quaatlty batwem " .. 0 

ad t ;it. 'It again. IS n f\taoUoa at (flra). "ttd.e anrage ftl:aG !e a.now as 

V, aud tel the cpi#mtlt7ot 41Je.~ 1at&Zeat. r Is ft2i'3t Snsemsttl. to the 

gelU8 of ~j Y8l_e of ., oal.oulated ,tor tble latter l'atl0 taken ... 2 
. tit 

lutead ot .12 4Uter by' ~ ,.. Sa ... wont oue, whiCh ~ r.. 'l/rtl'? 1 • 

. ' ~ mea&UJ that 'If end herloe' tbo caloule.tioD or tbG epe~, t. qui. tneea­

.t\1w to the shape .f "tt. inapet MCOpten_ curve ta ~ nt-l. 

ID te1"mtl of '1. 44'"p II&)' be WritteD. 

I dflp((;' e)) -= k tVp (~ c,..) 
( d A ~ € absolute (Hn0 'J Llc "" 

whaJ:e k 10 tDdepMldeDt of Era GI'ld, tor the ~, __ ~. Valuee of 

7U a tu.notton of 1m an given 1D ptgurevn., tor the va1."1oua eoattelva 

used, ard tor protons and dcmtlmms 1n eaoh osee • 

. A8 rantioned above. this 4o-p la an "wrage va~ue aver a .C9J"ta1a -range . 

ot ~g1ee. fie sh&ll flOI'I tak& up the question ot what tbe enes-O' Umlte 

01 thte range 81'8. '1'0 40 this, we aMll OOMlder tblMe dlttarent. .... 
. 

,~ • •• ' f C Ib • "at. t < *\, • "a' .. .,. eball apS.n aaeurao that theall, 
- .. t)c. 

qstea ac.eepte no part10les hav1ag eaerg18s below ~. 2 "" or a'1m9 
A( , -m. 't: -r, aDd aeOl':Jpta au part.lolAta wlthln tht.s I'D.I'lP ~ wu. 
tual, 1?Q,,-:,. 

. ~ 

Lot us oa1l. the 0MJ>g, with whlGh the pert101e lea .. the ~, B, 

and let ~ plot the th1cJmesa, 4 t. of' the aoo.tterv tlrOID "Mob. partio1ee 
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. or .~ E osn be dGtacW. A d~ of thGeOBttelfer 6iSl4 the plot of ~ 

At w E $..1'eshtJ'i'Aft ta '~m"4. Por R<~ .. ~·a E(ra ' no part .rtbe 
... tte!'M' oMltrlbUt«h ,. E ;; 2(r.), 0ftl.7 the Snt~l_~ tilSrl ~r at 

. ' 

t • 0 0l1r& oontnbuto. ·For!:;; a(~b),that pu"t. ot the ,.tter$~ ~ 

~n t ;; 0, &1'td t ;; J'b • ~ «m oontrlb1te partitoles. Na ~ ~ .. 

. ~, 2b ... rat VI:W. c~tli.'hUte !n the , .. ' of ell pf.\t"t1cles with --«lee. 
~ I(ZO) e4S(I .. ",,'; e;1nce. 1t R 1$ the ·total rqge Qt a. ~tOle 

. . 

\Vith'" th1B .-rcr ~, the part ~'the soatterw which ~ .con~ 

.!D tba:t 1»~ , ;; R .. fla _ t ;; a -- lbt a04 t-'\, - r... ft!,. E ~ 

a~ Btl + '-al.At ~.beco~ rJiJ2Io ~ at m(t • ,l. 1Ji ..... 

of tte aha:pe or th1s ~, the en4ptdJlts IJJf tho· r~ of tbo_~ 

ma4e ~ ~~~ 1e ~bat arbS.~. ~mc ~ so as f")),,-~ 

~l', a ~bl$.u. or the eft4 pointe" ~r tho purpo_ of ded41D1 

~ to plot dIP. mmU soem to be. 

£(/1 .. ) t E(I1,,) __ E .... 
E. ::- ... 

A "2. 

E ellA +T)+ € (/l6+r ) 

2.' 

Ih the tiftal plot of dr, w I, the "~ dO'"p(B) £$ .plotW as a 

~ whoso tm4 pGints ~ the d1rectlon of tbt $ ~ (i\l'$ 8J aDd Ia. 
'. 

an4 who. height is a .~ of __ ~SAt7 fa dop a. to stat!fJtlO8. 

Case n, "-l'b -!Ill ~ I i1 • .• - ) 
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\ 

.. a tuaot1on of & is • 4latoNa ,"_leas til rtguro m-4b.b 

obapea of the st4ea tit tb1e ~ depend 01\ the oaot shape or the 

~ 'aeceptaftoe cNl'W Sa ~ m-l. .l1. ud .. ue tom to • u. 
__ .. Ja Caae I, .... thougb tb8 .... a:r ~ Sa IInlOh loss woll 

cWiittD4 ·tbaft 1D Case t-

ea. m. T<'\. - It. 

Apm, particles aft SU8t ar.teew at .#: B(r.'. Rou ..... , ROlf aa 

Goon • B weaobeal(f + •• >, the _tire thSokfteas (I) or the aoa~ 

cetftbutea, aaa oont1lMt to do so _ttl s .. 8('\,). ~ th1 .... ~. 

'batI.DI tbBJl dIoftta8Gs u I ......... ~'" beeomIDg rsroat & • (t + Jtt,l. 
A plot of 4t .. B ,. t1WI oa.ta slwm SA PI.pIe VIr ..... 

for this .. I R atd l\a aw GhOe6n u tollfal. 
. £1:: £(/)4) -I- E (Tr/)(It.) 

. ~ 

E (/I.) +- £ (r+/16) 
EI4. ::' ~ 

a the ease at the oubcIl eoa~, ca.. I applies up to abOut SO av 
to'II pJ'QtoDa 01" 10 lIIV t. 4etat4roDs. tm4 ~ m appUes &bow ?'O .. tor 
."'. .'. 

pl'Otabs. ,. 90 _ to. 4ntmme. ill th$ oase of the Co aDd JIb eoatteNl'8, 

Caae % applleJJ ~ the cmtlR f.atena1. rt.guft m .. ~(_vu tbe . 
'f81ttaa of Ep ad Bu. as a f\motlarl of ... tor o~ M4 lead, II til tb&$e 

... besua equal to .. ~ tM wbol& ftDID •. 

i 

. . .~.~ ... _ ... _... . .. .-J 
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B. 8PmR.111 gq1gtl1YJa " IJlA.U'II·rataflDllka Ii sf fa IdI. iI 
~1:4. 

Table n Bi'fGS the aata and oal.culaUoras ira ~ t... ColumD! . 
" ~., . 

11'" tile magnet1Ai t1e14 (iD ldl.ogaua$)at whtoh each ~ ..... . 

Colma D «1" the oo~ 1m. Col\wl m gt..,.a the protaa ... t .. 

~ (aoatt.e .... IIiJN1J .baokgrGQtl4). Columft· lVl1wa the moat~ 00Ufl't. 

Coblraa Y _W8 tbe ~tto CIt proton to mtrdtlw ~. multlp1le4 'b1100 t. 

CiODteDi.... 001uma VI 81"" the val11e of '1. take. fI:torm PI.gtu.'ta m., . 
• -

Co1um VII gtwe /jE.(T). wbloh 1s equal. to#12JIm. ColmamI 81we the 

~tf._ 4qp, wtaloh 18 tbequotSllmt of Colt_ , Qift4e4 -., Ca1.unrA m. 
001118 XX as .. the ~ of B J and " .~ wh10b the iIr11\1e of 40p 

hal4s. Col""'. X 11'9'88 the ~ er.ror based .atatlsttoal cou~ 

t1cms onq. 

. -.~ 
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VX!I. WlmmINATION OF AISOLtJTB CRass smTIOftS 

A. rdN'Ri'M at at ...... ". 
'table U a Slots.. m gS.'fM tbe ielat1'f9 ~tlal .... 

seoUons at ~ e~ t_ the ~. of lmoo1c out protcmaat 

8D ug10 of tP. A eSJaSlar table Sf also be ~ 'til! th$ 4eu,tel"GD8 

GIld VitaM. r.t us UGU1ID tha\ the ¥Ill .. 1D the ta'ble 6l"8 equal to tM 

absolute ~W GOn aeotSoft, in.s.te of 1dUt.berU pel" ete~ 

per MIJv, multlplW b.v 8Ol!fJ taotor I. It we It.O!IP r.tIi1ike & plot ot tb8M oroea 

oeotiae WJ energy tor aU ~ types ot panicles, and ~loal:111Dte-

81'8- UDder each CUl"ft batween __ 1c:mer e~ ltm1t auch that the 

hD&U of aU tbnO t.Jpoa aft 1&mtl4al (l.t., tbJ.'fIO 4!f'tfmmt 10wv Umlte) 

and W~ltyt .. CtbtdD the total oro88 aecUoD, .111 IRIlt!plte4 by tbia 

same It, tor ~ ~ pUt10les wblGh haft a ~ ... iar tbaa 

s .. pJ'8Cte~ 1'al.ue. B1 ~ tbSs lattGr Ol'QGS eeotloD with 

a ·kDottJa absolute ..., ~tW .... _tton, tie IIl87 el,!mtnate K aM 

pd.t all of tbD ~ dlttefttDts.a1 GI'OS8 aeot1oU OD aD abaolUte soalt. 

B. 4PPon!aI 
'!be ~ .t Up U884 to ·make tbie ~ca is 8howD m ftPN 

mI-!. It!s ldrmt1ea1 with the appU'atus used til tba n-p NattIrI.Dg 

expaliaeDts of ~J .d.!l- 'De 00Utrte tWNsoope 18 t,lSS8D.t~ tbe 

sa. 88 that cborm b ~1f.J ~t that the :tt.mt tube ahcnm In tba 

P1guIe 1s I'Itplaoe4 .". a tube 14&at1oa1 to the eeCODd, sin. heft .. 

~ ... Q8Ci4 ~ as· pftftcm .,teotol's. !ht 1ocaUoa of tM ~-

" 



" 

" 

" 

\ 

1lIltlt.e1 .t uP e.n4 the oollJmatSDg Q'81lem ..... the eame .. til thG .. 

·of the •• r1mente ... wlth the magD$t. 

1'b!t scatterera eft 1ft bt 2" pie... or oaboa(4tJO "".t), ·OOIPR 

(7l3 D8/.2), laa4 (910 12), "'po~~ (~.".;.). '!base tbtaP· 

lIISSe8 ".. c!amJtmso that eQ.Oh of tha ~te wou.14 haw tbe .... in __ 

gnted stoppiDg power. that 18, a hiIh ~ part!. wwl.4 lose the 8aII8 

_t of eaargy ill ;pG88tar thnogh oach ... 

t'he IIOId.tv was a biswth f1std.en chamber, wld.ch is SfmIlIdtl. 0Dl.J 

to hI.gh eD9JIVDGU"". 

c. 2IIMI9a 
I'be app&I'I.tius 18 eet Up 1ft tire ... ., as fa ttw ..., aoatteri.q 

~ts, wlth tba. ,angle 8 equa1 to 2,0. 'Iho~. (Cdaa). 

~t is put ill p1aoe, au4 aD a.~ is .pl.aced ~ tb$ ....,. 8Dtl 

t1Ibd tabes. Tba tb10kDesa of tbe .. ~ U 8\lCh that • protem ~­

uaa ~ the .~. of eoat;teretr with $1\ .,..,01 54 1m (. Ii 66 tJtJIII. 2' 1M) 

Catl tuat penetrate to tbe th1r4 OOUliW,. t1ds ~ ~ Umtt f.8 tile 
. . 

.. u that uaea ill tb& ..., stIltteriDg ~wJ it aUon ~ thole 
I 

bSUtrofts 111tb eael'g5.es greatel' than 66 ..... to proc:luee .... bls NOoll 

~ frooll the B a the 0aIaa • 
• tIl Wa ~ ~ ratto of protce .. te to mcmitor __ ts 

1e.~. t'hf.a,..,a Is l'4tpIaW dt-b the ~ oattertii- Ia 

plaoe, 8fttl wlth aoeoatt.eJlor. htom. tbise tl1z'ee ~ .. oaa ~ ....... 
'c 

tdDe 1a aa (')\dolas wq tbIlt ~ of protons pt1' mJrd.tor 0GlUlt t#h1clt 



t 

originated 1ft ... 8 tntonotloDs. Iat laS dtmote thte I_ber .. Ir 

!be abIorbelt !as .. 1'8IIO'ved. and' ~ ....... 1IJUOONeS.-11 wlth • 

0BS'b0D, aopper. and lead aoatt.eNn ... with no _~. !be total 

abeorb1fta _tDtel tD tb$ are-. fao1u4f.q ort.e-helt of the thtolmeae 01 

the eoatt.Nr. ie ta tbla OUG ~utwleftt to ~ rc/J of ou'boJ:a. tbt 

~ of a pI'OtioD ~abla to ~te th!8 Is 20 ... aft4 tbo ~ 

po.o.Ung ~ tv aeu,... and trttamJ .. 'Z1 a4 " Mn', aape.u~. 

Let as .u. the ftt10 of eoatteer OCNDt to .. 1~ OCJtmt (with tba b1Mt 

00tI1t eubtraot.e4) lie, lou. - -,.., -PMU .... q. 

D. APNDII at JlItA 

eoatte2:'e1'. 

~ p • tI'» 41ttuont1al. D-p erou eectf.o.ll per UDlii '80114 u.sJa to. 

soattert.ng protcma at \be laborstol7 angle e. ". 
77 If • the IIUZ'I1ber of ~ .. toms 1ft that. part of tbe eoattuel-wht.ob 

!a ~ to tba IJBUtroD 'bIaD. 

r; 1t ;: t1w tl.l1x 4t.mett, .t iIe1I\TOtiS with .~a anatA'S' than 66 fIlJn'. 

en. n. ct.ns1tJ in tht.s ... b Upl'88M4 1a wits of a.u\ltoaD per oJ 
psr IDl1tor oount. .A "bUill' relation 0014. tor .Q ad the otbaft. I 

Ne. ': .rl. (, Q"p>.::r.o (,-)0) + O:;>';l7(~S"·) + 0; >1.:/~~j?1c. 1/?1 

iQ.C .• ~ 



" 

... cr;7~~S"O) 18 the d~tt.a1 oroaa ~ tor oat'bcm tor produc1n, 

~ protons with eners1es greatel' tbaa 20 tIlT. an4 a;f;'~)aD4 
o;~~;~)*"- 48tlM4 a!m1larly. we eba1l use tte fJJIfbOl~(2,o) to 4enote tile 

.. ~ 'bae 0l"0IS eeot10b8. 

71,-. tbI). n1lP.lblw of earboa atoms fa that pQ't of tJ» ecatteftr ..... 

to tile ,DWVoD beam. 

71:' • tbe n. denss' •• in Uillte ot JIl'fDt.r pt .. '.J! per aOai .. OOtmt, 

of th$ MUtrons 1rh1oh ~ the O.bsorN4 pari14lsa. 

CtoabSId.ng these t.o ftJ2atloDs .. haw 

< (:""1 So):- lV~ 7114 71,., v: (~so) 
L "'" IV: /Ie. '?? I "'1' 

, 1/' / .. 

. N( ?1N at the quIAIltf.tue of the riaht. )/H 18 .~ iQ tbS.e aperSmat, 71c. 

.. in deteftdnod b7 obV'1ous meobaa1oal ~te ... ~p (aso) ie'tDovna 

h the II"P -ttmac ~. -~.:. WOIIl4 be _" SI the IISutz.oa 

_am crmta!fte4 no lVil1t'roDl with eaal'8tea 1eee tJws 66 1IrY, (# it MUtrau 

1»1ow 66 8rt ~ M .. ~ pe:rticles. !be ~ of ., Dell" 
beq ehowa in Fipte t'I-l l1_e·u w.a ottbe toW ~,Of ~ 

with .-rgt.u balDIr 66 ltv. ~,~ the ...,ttou o12(a,D)P1, 

cU( •• P)aU, u4 c12(a,')s1O ~. hlfibl¥ etotbmalo, 1Vrt. all or th$ D&11~ 

below 66 SIn' are etteotf.ft. For lMted:loe, GIlly tboae neutNna ~ 71 fIW 
, ~ 

oaa pI"04uoI deteotable protoaD. aDd only ~ ahem " lin' osn ~ 

t!et.o1i&blll 4eutenme. J\1rthe~, tb& probabtU"" or • ~ of tbi1I 

1M» 18 "rt aa11 ~ abOve its th:rfnJhbold, eo that • ., _. 



-;; ----, ...... _ ..... ,,_. ~-'.~~~-

.. 

l'O\18blJ apMk1ag, tbd 71: lIlaluau aU tboae Deu1:roM with ena~ al.mIe 

about 50 lIlY. u.Sng th1aJ ..., .. en ettaoU. 10wH l1ait tor the flux 

iIwolft4 !D /ltc',we ttD4 117 ~ fAtegnt1ac ot the ~1ate .. 
of ft&\JNlP'-f, tbat 71~ ... , sa pro1a~ _t aallar ttJan 0.9. ftd.I atio 

owl4. or cou.rae, be )JftOt1Cal.lT tm1V. ad !D tlIt oalculatlall or i we 

eba11 tab 1t to be OM. 

~ tbt ftlUa of o;p (2SO) .... 02' bans tCND4 tv' IIfd1e7 !1!l ... 
obtain tor tbt ~ f. 

~ O(2JO) ;; .051 w.t~ 

~ cuCat») -.ll2 • 

~ Pb(2,o) -.140 • 

wheN '- Sa the .. of U. 41fter.nt1al ... ~ tor J)l'eduoJDg protaas 

wlth ... tb8.n 20 1IIrY, 4eut.rGaa with ..,.., t.Iwa Z1 lIlY and trite... with 

110ft thea » 1IIv, tv' ~t with 90 1M' ~. 

_ ~ ~ tbe aqla S an4 M8fttiIIc Ie, ICIa a4 ',., at 'ftZ'i0Qa 

otbDr engles, the ftl"Sat1oJl of ~ with 9 00Il be tauftd. rJ.eure VIII-! la a 

plot of the -.ulta obtai_. %t at-- .. w.l.uee ot tbe ~f.t8 tor 

~ eta ftnatnc t.t. 6° to 13,0. 

AaJotI:reIo ..,. or a. .... lblfta the ..:Qw!e m t01a eeoUon I.e to 8q that, 

tv ..., ot t.be ~D_ -.de with ~th1'1eM soattetw, .. haft ..u. 
brat.d tbe DOIlt"<>r OOllDt 1n tmaI of ~ DItltbon nux, cut tbIm knmt1Dg tIa 

f'lux, ". hIMt IIlMt.Ilftd tbe E' a. 
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D. i'lftAL ~tS 

A. ItrI .2tlftomdilUsa 
D!l.ta of __ t .... described Sft SletiGn y __ obtdned uetng C, C. 

8bIl Ph t.eraete at -~. 0°, 12°, 2,0 -' J,5O. fhNe fata 8ft ~ee4 

ujag ... ~ ~ fA 8Ht1oa m to f'iD4 the relettva tittuea­

tlal aroea 880~ .. a .. ot1oA of eDR'&Y .~ MOb .ngl.e. and tbeD. ... 

~. treatM u atfJOJ'lbe4 in kotton vm: to t1D4 tale aI:Ieol.v.te 'ftluta -
I 

of tbNe cl1tteNDUal Ol'Olla aeottDaa. 

!be t1Dal ftNmltt aft ~ Sa to.bultu:- tora ja' Mlbe m.y, .. 
SA gft.pbSoal .. to. tn ,, __ B-1 to 11-6. :I'D the table" tho IoUowSq 

ltou en ftOOIIde4. the 8l181e at wtd.ob tt. ~ 1M_ .... the tJpe 

of pu't10le, the .." ftDI8 ja trhloh tho glft!l 0l'0IJ8 .-otton ap~, 

the 41tt.l'&l1tlal. 0l'088 _tion til units of ~ (1O"'27a1) ... 

IJtendltm per JIe'9', .. the problble ewoJ"c of ~ meatJ.~t. 

1'Il tM cue of oatbon, tt. proton Gld den ...... CU1'W8 .. plotW 

atq each of tbt_ tabulat.c1 4$roee eeottoruJ III 1CllI XU. """'1", tbtt Vi­

-toft 0l'0H seoUona lleW t.brIft 8ft SlOt plotW iDci1'V1dua1l7. bUt o~ 

~ AWft88 of tbeeo ~ Oft •• 1rS.de eD81"1F t."Im8W is .bad. The:reuca-

tor plotttDa the triton data in th18 W8T is that the ftnS& or energ1ee to 

which each ftlne of aVe appUJse Ut .0 large, end eo OWl"lapo the D81gb'boJW 

ing ~s, that eo spectral cs.tatls -ooul4 be ... 

In tbe cue of copper and lead the protaD 1'88UltG at'G t1'9at.4 in tbe 

... 1187 .. sa ti.l9 ~ ot ~, end tbe deutuaa l'Multe are 'f.ltHW Ia 
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TAI.I.& m 
~lSS 5ftiMno Md~ (.~IIw) 

JIlaotau cP ~naI Protau ·ue ~ 
IIDerIr 4fp IDIr8r u. ..." d<Tp ...., ,fit 

.23-31 1.,' .. .20 2J-JI) .54 .. .l2 ao-~ 1.32 • .u "39 .42 ~ .0fS 31-. 1." t .20 31-'" .60 • .JD .. " 1.09 .. .10 )0-41 .38 * .06 
~ 1.50 * .20 J1-4' ." it .10 YI-4J 1.14 ~ .08 3S-4f .so * .06 
46-51 1.4.1 to .u .46-" .?O * .10 4t-50 1.01 s .01 ~ .~ t .06 
6J-68 1." ~ .15 54-6, 1.41 • .15 5M6 1.U •• GI 45-. .54 t .06 .n-eo ."10 * .12 60-69 ~t .10 50-63 1.05 ~ A ,,... .65 * .06 . 
90-97 .zt t .05 111-74 1.07 If .10 111-"12 .eot..06 65-'10 .61 ~ .06 
99-107 .05 * .02 71J18 .n t .10 73-80 .48 * .04 'D-?9 .rt t .04 . ,..., 3'1 t .05 9'M6 .2S t .04 .,.,. .01 St .02 

87-94 .29 •• 05 105-W .06 * .OJ 

dfp 
2,0 

4([4 ddj .'" .64 a.sr liMJ'g' ....", brO' 

19-28 .82 :t .06 27-JIJ .22 t .at. 17-2'1 .4'1 t' .~ 2,.. .09 ~ .02 
2'1-34 .,' ~ .G5 32-.43 .1l1 ~ .04 24-32 *" ~ .05 »-" .08 t .02 
!9-44 .8' ~ .os 71-49 .sa •• 03 .71 . J2 ~ .03 ".49 .06~ .01 ,,.. .61 ~ .03 45-54 .14 ~ .03 4O-4S .18 !. .0' .u.S) .Cf1 ... OL 
6,.10 .47 •• 03 57-65 .20 it .03 ." ' .1'1 to .02 6J.69 .02.* .01. 
87-94 .15 t .0' 8b-89 .rn .!- .02 '5-82 .fI'I •• OJ. 

84-92 .f11 ~ .01 
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TABLIIV' 
PARTICLIS rR.Ou OOPPBa 

c/cr 
C8e~lIw) In..dE 

Rrotoae 00 Dl.mte1Wa ffttoM 120 JleUteftU 
~ .4Q"p BMr&v 4(4 ~ 40p Baermt aCT. 

, 
..,..48 ,.,.le., 31-69 1.0 20-47 2.».2 IW'7' .22 
3l-54 1.4 ~., J7-1'J. 1.4 U.S, 1.'-t.2 »69 .'18 
38-61 a.w.' 4"1-79 ." { J7.6O 1.41.2 lY7l .74 
46-111 2. ... , "'-84 .9 .9t.1 ' 45-6S 2.0!.2 1.0-74 .'n .,-6r.06 
6:M8 1.,..2, 60-88 .9 50-69 l".u 4''''' .J5 
74-88,' 1.4tt.2 61-9, .8 = 1.,..15 "..., .63 
'3-100 ~.1 71-96 .ur.l 1.h.1 lfI-93 .59 

"I8-ur:! .2 !'.1 77-192 .~.1 7'1-100 .JOt.! 
9l,.102 .,..1 89-1lf) .15t.05 

lCC-11O .041!.G2 
, ' 

• 
<'I 

as- J(jj 4t' 
=V' dcrp ~ C-MU,'" dvp 

~ d~ 
lH 1.6Jtt.1 :iI03l.!t004 

24-51 .94tP.1 

~l I'M' 1.6'f!..1 32-69 JO-58 .74<!.06.-
J9-61 1.44.+.1 -19-73 I.o-6t .~.G4"" .09 .11t.02 
'Y11 1.CJ2.r.07 45-7'1 •• 51.'70 ."....c:rl ."1'1 .09 
65-82 • ?Or.os 'J'I.a6 .u 63-80 .24oP.02 ,,.., .06-.02 
'18-93 ~.05 69-9, .u "1'1-92 .1Sfo.C'Jl 6).90 .04-.02 
90-104 .~.l' . 8'1-1Ol .06P.01 

/' 

•. 
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TAILB V 
PARlICLm FftO'J LEAD 

drr (at2f9.) 
00 

d.o..dE 
12" 

P1'otcIIIa Dlutel'CIIIII ftootcaa ~ br., dQp IDa"" 6[4 bs.-ar 4fp ~ d(T4 

2~ 4.)P.' ~ o( ~47 1.~.2' 26-6) .2, ." 4.&0.7 . 71-68 1.1, 28-52 2.Qt.2' 30-64 ~ ,..58 2.6e., 41-", 2.2 1.5t.2' 1'1-'» 1.7*.2 35-61 .'70 
46-64 3.7t-., ~ 2., ~ a.a..a JI)JIO .25 .'Jr.1 
~ 1.,.., 60-86 1.9 50-69 a.Ot.2 47-'1"1 .90 
14-88 2.'*., 1:1/.,. 1.f»., "'4 1.'*.2 ,.,. .90 
93-100 ~2 ~ 1.2+.' 67-8, 1J.to.2 6'JR .Eo 

'18-100 .9!t., 'r7-92 .6P.l 77-100 ." 91-102 .6t.l 89-110 0 
lOO-UD 

2,0 4f' ...., (fp ,...., 4l6a --IV .0; "IV 404 

19-1.6 1.7;..2 27-63 

"7 
24-49 1.2t!.15 2,.a 

~1 27-51 1.%.1 32-" .~ ~, -"t.1O Jl-65 ..2, 
39-60 l.6t.l ~ .:J6 ~ • ?41ft.11'1 .J9.7O ~ .19!t.02 S)JIO 1.Oto.1 45-74 .20 • .31t.OS 51-&] ."..0, 44r-'14 6,.., .68J...06 91-84 .10 63W78 .~.OJ ,,.80 '.0" '18-91 .15+.03 67 __ .lO 77-91 e23t.03 
90-103 .lOt-O, 83-96 ~.Ol 



If. 

the saae.wqas 18 the eaae t)f the iJoltt.ms t:rom carboa, tor the ~ 

~ .. 1ft that 0/d0' . . , ' . 
, '0 ,cOunts' \118M .<»bta1*wb1cb COUl4 with ~ '~''b$ at.tribttted 

to ~1~ •• ~\ t~ tbe , __ ot·t!» ttW04egnJe ~ o~tto •• 

l';l that '~ tb.q .contnbUW,tov ~oeJ'Jt ot, th.$ 'total cross Beotloa act 

tbetr ;1.14 in all 0th0:1' ~ is p.roba~ ~lIJS ~ onepeoant. .. 
, . ' 

, Th8'~tKprot;ab~ ~ 11lo1u4& ~ the, -.oW statlsttoal 

1'1uotw1tf.QM 111 ~ r&l$;M\~ ·ftii1as of' tho or,oss aaottMs. au4 40 not s.n. 
'cl.u4e th& .6U.t~ .~ 1thtch om ariae ta tb£g d~1Iaat1& of tIVJ 

~lutet1M1e. "fh!s 14ttm-~r U ~babl1ot the·' erderot! 2., 
.a41:blelJ.udes, ,bealchts \!» WJUDl0t4tisti.(IQ]. ta~4J wht. al'S, a taot, 

quite oman,. numbet t:)tother f40tcm. Of 'tho$G the prtuc1p$l. oMS·... . 

, tbe~istaiat) or the fibsolute valUe orb d1tt~ tt-p .-oaa .... 
;, 

tlan mvolY841ft the ·cdolt.1aUon of the absolute o:roaa .otfmm;; ,tma .... , 

~ .. ' lnvol'\JQ4 !la the nU$$~ ~t1oa <st -the plow of the l'Olao 

*1 .. ' dU1$i'Ut1al Cl'OSe aeoUoas. , 

as .,oue ot. ~ ate. 'at ,CO ~."" G~ ment1t#t !n i"e~ to 
'... . 

~ ~.tor at that eng1a the' absolUte C1"ossseotlon tor ~lDg 

t'bt 1eCo~8 ".' aot _~ at an. It ean_,' seen ill ~, mw 
·that .~ -., .. ~ .t those po1ate,,,~' tbo7 ~, ~4 (60,J#'. 

l$':lliJ,aio.) tall qUs,tG .U ,. a pUre ~1lUe.l.~. ThU.... ' 

... ~w to fJON,· sntl 'the~pokted ve1Ue UU ueed S. ~ 
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c. law. QIM, ... ,_ 

fA tI.\is eeotiOft wo sb8ll attempt to .Umato the totel oroes _0-
tiaDe of 'tbe '9'arS.ous ~8.8 ot iIlteNSt. an4 4teouas the ft1t41t7 

of theM ee.lcm1aUODS. 

!be total 0ftlH ""'t.0Il or a .non auolsus r.- :pI'OdttoSftg prot.oDe 

bavtDg 9I1I8rgiea ~ .... than io wbe bo~ b.V 90 Urtt aeu~ Sa 

\J:.Cc) -= ;J.. rr (00 (Tr d~ Celt!") de- d(~ e) 
P?Eo )s: J d r= d.£l.. . 

Co CI )' 

dV(~/E) " -
S1Dao 01 ~ ~.a.. baa taeon 4e'tAmntM4 at 01ll:1 .tour ~t toO. 12·, 

2fJ. end AI'), the ee.lcm1at~ of V;>F o( c) is teutbl.e ~ it two ODDIU­

~ a1"e ta<tufHd, ~, it most of the J*UclMJ U. tdtbAn the ~ 

~ of 00 .. J.5O, and 1t we haw 80lI'l8 WQ' of ftIU~ _ttMUq U. 

~ot Jvf _ at eng. l:etwMD thoae at w!doh ~te ...... - 1'ft 
, . 

ardw to t.mht!8ate tbI queatt.on of .. bethfl". or .t tbeeo two OO!ld1tloaa 

hold, :t.t us oons14er tho plots of 2($) given 1a ~1g\mJe VIII-2. 

~(e)1s tbe d1tterentt.a1 8l"08eeectlon, 10 IIIWJ.baru ,.. $tcwJSaII, ,. 

~ all. ~olas1d'h ran.,_ ~ tba:rl 460 1tIlIJ. or .... , an4 

in ~ ot the def!alt1oQs abcM, 

:2 7r £.."..~ (6)) ti (CA s) = ~:J..71'1.v- +- V;>1..oM.u-

As ehorm ill tho ~t the ~ ot~~),wben plotted on .. f.-1Gg ,apR' .. 

8 tunotion of e, tell wry olo8011 on a. lOl"1ea of Irtfttgbt lines, ..,1\ U. 

tdoJldlDg oval' a cons14enble range- or~. ~rore. to f'1D4 o;>l .. to;>~O 
.. haft oa1y to rtDd the eQUationa of tbeee u.s and to pert .... the 



t, 

~te ilttegratS=s. lD the same ~, we m&3' rw m-t hutton 

of the paf't1cles ea em1ttd td.th1n 4$0. or the t~. dtfictl()L 

'ablf! VI gives tbel'{!trolte or theSe ealQl11a.t!one. 

Table VI 
tT" -~nJ:(6))~ ~'JS 

'111 

m 
-JIlt 

, ~7TA( 
"Tr) 0 t. (e)d.ClJI6 

etJ· 

1"IG 

2"16 

+,..c:.i;~ crf' 
'P .a,.iic (&os i" 
•• rc'f C(~ 0 

.. " 

.58 
I 

.S5 

Tho·- 'table .., ,_tbat·tor alle1emeata, 6It4 espeo1f11ll' tor ~ 

most <4 '\he pQit1ola$ U. 1D the "11013 1ft wb1ch tb$ detau.4 ~ts 

• __ •.. ~, as wU1 • ehfRm .~" u •. 4en-' .~ eao­

\J._~a ott .... , ... With e tMr! 2.(e) ,'ad. it 1s h~prob6bl¥ 

, 'tlbat a\·~ .~' of the dGuteNU11es_wlttdn tho ~ot tbe .... 

taUa4~. 

111 Q;'der to ~ that the other ~ltt.ou boWs, lOt, uti, oonsldtar 

~ .. DJ1,8.9. tr1 tht:PBe. ~ the tollcrdag ~tW 0fQ8S '~ 

... tioDS ant plo-t~, ' . 
" Jrr- (9),' 

a v P:I;ZoM,g-

~ (8) )' P(...c'l.. 
) 

, \ 

wM" the- i. (9 J are taken ~ F1pre.VIn.2 aftd· 
dtr:(9) ("-0 dfl;(9,e.) dE 

. ~d;;'o =-) ~o dn... J.c ... 
~ 1&tte,. o.ross .. ~. an tOUD\t b,y ~cal.17 inteQratlq tho . 

'appfoJtttatG 0lU'ft8 sa J'~ 1'l-1 to tt-6. ..,. i. (G) va3:QlSS,as 'lTJefltt0De4 

.. 
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before, aN .. to tall OIl & few stn1ght UDe eep1lte. u4 tbe ratio ot 

protMla to ·deutuou Sa ... to o1'J,ang8 ~ with tID81e. Jt t.baetoN 
. dv: (ct) 

__ nHWJODabla to OOJ$ft$ot ~ val .. of _ ~>E'... vlth etwdght UDea, 
~~ 

and to .. the equatlou of t.bi8e '11DN 111 integraUftg to tiM the tcrta1 

oross' eeot~. In &4dltlon to the S*'Apbioal .,guamto giwn .bow, 1ih8 

DOD-exlata1lOe of .~tSee (..-pt poesl~ .t 00 ... ae11lg\l1arlt7 

Wou1.4 .,t mattel-' tA the .. oaloalaUcM) .,. also '- 4Ia4uoo4 boa ... ~lu 

or \be ~ of thote~. 'l'ba protou ~ ... tfal17 fYom neutron 

p.roton ooUislonfl, aDd ~ llft18tbaw ... angular 41Str.S.btttloo or tM 

't7.PO obrJeftM til a-p saatten.Dg, "lth an 8441ttotial wSIIOot.b.!llg out- etteot 

_ to tbe intAtl."Ml motiOn .f the ~ 1ft tba ttUOl8us. SUch a 4latri­

tJIltioft. «ml4 haw Do ~tiAla, cm4, s1nae tbt ~ CJtIM Sa tho .. of 

\be. protem anddeu1ierltn cU •• tJi.but.bms, and 8iDee it ahon DO s~t1u 

betweeD6° enct ~, the 4eutel'Oll dtetnbutloa II.IU8't &leo haw DO .1D1'Q1.ar­

It.ie1J SA tbSe1WJ88 .. 

It J,ntepatSDg the apprGpl1Ate pu.-ta of tho ourvu fA rtgua. D-'I 

to IX..,. '1'." m Is derived. Tbe .... 1>18 81* tho totaloroel ..otfobu 

to~ pl'OC1uof.ng the Sbd10aW partlolel1tttblll the lft4loated ~ Um1ta. 

b .... eeot1cme tor proanctDg _tAarona butea .. ~ u4 lSOO (Ii" a 
~) .. upper Uidte o .... lne4 bT ~ ~ ... tt.o "'weeD ~ 

,.~. 

.. tcma and deuteoDs tcntDd 'be __ 2" aDd 14'. elM ... ids tftra· JdO 'to 1a)O. 

b ·0000000epc:edSng proton GrOas aeott.oa Ss then o~4 bt au~ tM.tl 

deuteron OJ'OeS .eeot1oft from the oro88 NOtion tor aU pdUolh. an4 ta 

thus a l.oIIw UlIlt. 
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I. DISCU.c)sIOR 0'1 :ustn:rs 

A. SJw.po Q! .tal sawta 
• the oaee of oa1:'bcm, wh10h b the oa1J .. tor which tMft 18 1IUCh 

c1IItaUe4 lDtOl'rlatioa, the protem and c1outAroD apeotta OlD be ... a to 1» fun. 

4amem~ d1f':teftDt. 1M ~ ~ at ..,0 -.... 1a n.., tftJII 

20 .,.. to aboa.t 65 JIW. 8114 the it __ ...... ~ .. the --1"0' ~ 

~. 1IbUe It 1s obviD~ ~.~ to deduoa fItoa fh1a 0U1W 

(rt,gara 11-1), aDd the kQowzl blUtron eeJ'8J tiatri.btlu., tt. ~ wh10h 

1JGUld be obt.eSnect tor ~t1o HUt.'Mla, It." be ~ to polnt 

au_ the ntber IWSkSraI ebf.1U1.t1 ot tho 0 .... 4 ouw to tbat a.n .... 
fIrcNI a "IIIl7 .~ aauJlptica about tbe shape of the protarl ,p"traIs tor 

auob~. !Ida uauaptlaa 18 that tor MU .... be .... 60 aDd 100 ""' 

h protoD apeot.ria fA the t~ ctUeet1cm 18 nat up to _ tmerG' eqv.al 

to the Deut.roft GGel'I1 ",1Dua the eeJ.V ftqUJ.ftMi to ... tba neot1oD O~ . 

(about 15 JlW t,. 90 ... !D0148nt neutreaa) and then tau. SJl .. a'.te~ to 

.-0. Ckl tba bus.. of thla UlnJllPu., .. pl'OtoD ys..l4 .hiob would be 01)­

tdM4 ulBC DR ...... with ~ eJ'Ie87 4tatr1butS4D abown ID Pigu.l'II IY - ( 
wold _ .... ,s.au, tlat t.roa 20 to 60 1In', wauld fall to abcrut cae-ball 

at the MId .. ftlue at'4 lev, aad to about ....... ighth ot tbU 'talDe at 

90 IW. AU ftlUI8 of tbe obaelWd ~ at rP ad UO tit IUOh • ~ 

trtbutloD _1tb1n tt. probabq ft'l'GftJ shown. 

'lbe a.utert:a 4i8trlbut1oa at .-0 ..,..... ..... peak at .boot 60-65 

.... !be halt-w1dth of this s:-k !n IIIv is tba ... as tbe balt-.14tb of 



• 

of till DCnltroD ~, &lid the 1cM tnerl7 taU is aboQt w10e .. b1gb . 

NlaUw to \he pule sa t.be low ..... taU t# the MUtl'tIl...... fbta 

4i8tributf.oa n. the .. aumptlon tbe.t ~_.tlo neutroas produoe 

tSeu~ within a t$1a\1w1¥ Da170W eaerar ... oen~ ~ 25 IfBY . . 

belDw tb4 DDuVon ... _ .. e ~J the proton. plateau aDI tbt c1n­

te~ peak both d1MppM.r. 1t000000t tbe ........ cIIutIrarl eerlf 1a htpr 

tban tbo .... proton et.lR8J at aU I.ftglea. 

B. XdIl ~I stIMa 
Tbe total '-.e "'-lou tor produoing ~ pztOtou with 8IlelV 

greater t1Ie.b 20 .... 8lftD fa 'fable ru, .. .C9O bIt:tDs tfW ~ 
d' 

.24 ...... tor ~t and .42 t..r.u .tor lead, fhe 00lftep.md1ng irJel.utl0 

0l"088 ... u.. t_ 90 lin' DfJUtroruJ u me.uure4 tv' ~ tDd ltftat..t.. (3) 

... 22, .'18, and 1." baftaa. b _tiD" of tb8ae 0J'0jIS aeottes *". 
tbefttOl"e, ..u. tar ort'boft, .31 to'l' copper and .24 tor laad. Siftoe tba 

...,. _tion tor 1It1iJd.Dg at, laaet or. ]m)tGrl In 'tbo SJOleus llN8t bit pro­

pon1oaa1 to ~ SDalaatlc oroso 880ti0a, the ~ to tb!s nt1D .. t 

'be .. to tba lncNaae4 4lttlea1t,. wh10h a protoa hu Sa :a.rinr tbe l-.raW 

aalel. 

Fo:r tbe .. of ... on:b', .. ad4f.t:lOMl total Oft)88 ...u.. Is IIwa, 

_~, tbat tor p1'OdUoma ~ protou with fIftOl",ses gl'Mter tbtro. 

".... f. HUOJl tor thltt part1cNlar .10801 &zmO' Sa tlw tollow1alt 

SA .. ..-p eoatt.ert.aa apert.nte pert0r.4 at 90 1tW. tbe ~ d1at1'1bu­

U. of tM eoattend pztOtou m the ante of ... .,.8_31 ta ~ 

I 
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~ f r l! I 1 ~ i i ! I I 1 ~ I i ~ l f ~ 1-
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~ I i 3 I 0 1 0 , ~ f 0 f r ~ f i ~ l ~ 
~ el~~f" (III.' "g~i~. '[18,.i 
if I~· \..,. i ' I · 11:' iSf i : 1_ ! ~ [ ~ .. 
Ii? I f I .f!;: ~ 1. I Sf ! : i· iii: f f I: f. i i ~ I ~ it ( .. f i a q 5 .. II , • ~ ~ : I 1- I ~ i I ~_ i I r J ~ ! I I i ~ f i t I ... I do (jQ a . t: • '" 8 I til 1rJ. • 

I- I ~ I .. ~. i! t !. Ii /j" 8 f ~ If I • i ~ , 
1 I ~ g ~ I : I iff : t ~ ~ ~ ~ , If 1 ~ 

f - ~ ( I I. ~ I ~ I ~ I ! I I ~ f I 1 l I. 
t t r ~ i ,~ · r ( I f ~ i 

f I i I! ! Ii! I I I ! , 1 ~ : ~ , f f ; 
q f f ~ E ~ r 

i ! . ?. ~ ~ I . f ~ I , 

iii I ~I J I If; f If. f I~ 1 f -I ~ i ~ 
.~ II. . ~ I · If·, -"" -



f' 
cross $8Ottoa· clso .~ mot'¥I tiJlow~ with atOllio JlI.'WIbeJ" than the 

f.fte]a)t1c cross sec:rl;1on. 'fbe7 uls() ~ 'mol'e sltJwly tbM. tbe =-oas 

seotloM for ~ seo~ P~t 1;hf.;:rat1.o beWteD the deutenm. 

"producttoft OTOSQ 8$Ot!40s _ the pntcm.pt'odUotlon GNU eeatlOnS be5J2g '.' 

.29, .2a, t.m4 .18 tor e, ou.,endPb, ~spacti'ft)l3. i1ds slomlJ! inereasa 

ld .. th % is to be~otec1. s!nCe, in O1"&Jr f(lr a deuteron to oscape ~ 

a ~ bothof' ,tAt COlnp«lent ~D must escape w.1thout ~ 

·b.~tlOl'l. 

c. .. QdPA .SIt_ ·im1mdBT tmtene 
AaatterJrpt was ... ", M. L. aoli~ (6) to prodiet the GMX'gy eA4 

~ dtEJtd.bu.t1umsot t1iIlI .~ ttht\'tb would .. ~a. Gllt of heayt 

nuol41 b;v 90 tiJVn~\).tr0D8. Hb ee.1culat108s.~ maCle USing the·~ 
'. . 

Cal-to .• thod. 1'he nucleus wu tl'GaW 8$ a degaMratie gas of .t1.UCl.eOfts. 'The 

~tsll¥. de.1I$~ n-p 41tt~tW oross ~t!ons ~ usml to 

~t.erla theiMlv14Ual Ct>llW0n9 "Mob·take place 1ft the ~"J • 

... ~~tJ..owJ.l'8 ~. to 1$84 to ·the .ame· ~ 41Btrlbut1oDa. 

. b ..... 1fttemo~ .• bI1t -.th ~ ~tcmrtll.·as· ~ a total or_a tee-
t 

Uoa. 'l'l8.~ 4tstrl:t.ru:t1oJlpftlti~a b;v Qoldberger saw i\ DJl'O ~ 

s.ect1{)nfoF~tq s~ ~lcl$s aWa1aht ,~ (00). aM a 

~ .~t1a1 Oi"OJI$~.~otUn at about~. ~ .t'$8&OD to't .~ zero 

oro. eeoU<m tOftlaN 'VmS that.~~. ~~. __ t~&Ien b;r 

·the·Pllul1 prinoipl&, 'ciace th$ ~1$ wbJ.ch J"EJOOlft4 the .u~-' 

wOUld haw to ~n4 up tn a. .part of ~n_ $pace. ~ ocouple4 b;r 
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J 

SDOtbel' puwt1c14t. Bach tUl ~ c11stributiODaa aot obaelwd. A 

posst'ble u:p1aftation, auaeated 1'1 a. Sel.Wr, tor the 1aok or • lIfAI.frIa 

in the t'01"WIU'4 d1rMtloft 1e t!Je toll_!Dc' tbe protem ... f.s re~ 

at tbennolear 8US"taoat stDoa the p3."0toa paaaea hoa " ~ sa which 

theft Is a btsh negatlft potGaUal to a ft~ ta _Mob theN is .1"0 
poteaUal. the etteot Of t.ht.a "~ them ooliPlo~ wuhea <<It anti' . ~ 

deta.Ud st:ruature fNO.h .. that P1"G41oW .~ aro de ....... 

!be eerg.y d18trl.l:Altioae of the .co~_ pl"Od1eW bJ 00ld ..... 

aft a1eo aot ~ ltv thle ezpel"lm1it, tbt:t 418afJl'eemant S. prasuma'b1J 

due to the rut. that tI» oonrelaUon ~ I'lQ.(fle and tm8l'gY 1s .18 

deo'tlo704 ltv the l"8tl'aot1<m efteet. 

'!he 0 ...... total Ol"OIlS aeot1tm tor protluot.ng ~ pr."Otou '* 
~at of lM4 auGlai w1th 90_ rlIIUboM is ~ about ~ pt 

the pred1cte4~. Tbte Sn4ioatlls tmt.t tlw meaD f'l'ee& path of partto1es 

in maolear .tter la _11.- tbea the 'f'Il1ue gl~ b¥ <.1ol.dhergea- (6.2 x ltrU .) 

tm4 18 IDN .... l;v t.n qNltment with that 4eduee4 b.r ~ n !l- (,) 

(4.' x.~13 em). 

D. b 9daI " .. I'AtJ4IJz am ... , 

A possible meobaftlslll tor the origtD of the fJ8OOJlCIu7 fsuteztone baS beeA 

8U.GJI8W tor c. ,.~. fhe prSnolp1e feature of tMs meolw.dsI:l!e that 

t18 tmptftgSng Mtltroa pl. Up a ~ fIws the 1WOl.eva, and oomb1ftGa 

1'I1th it to fom a~. Se.i-olaesloally, tbe pJ'OOUS ma;v be ~801'1,*, 

aa toUon I the protoD$ 10 the nuo1et haft a lttrge 1d.net1c tme1l'IF <lue to 

-, .iiiiii;;; auggeaUon bu &18o;beeD '.ae t; i."ea;;; et tiiC"~ 
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their SntenotiaDtl nth tbe otbeJt pal"ttola 1D.the tmol.eue, aM ~t17 

tlIO" haw large oampoaenta of IIOf2IGrrta !n diNOt1au of the f.QQJI8rlttla ot the 

irJp1ngS.og Jleut1."on. tn tact. 11 the ~ k1Det1c ""81 of a bmM 

nucleon U about 25 1IiIn', itt! ~ root EIIHll aqaan mmentum w1ll be 

about .... balt (~) of the IJODJIltum of the 1aptnging pu1J.olA, and ..... _ 

eqtw to the b&1.I't1:ton8 I'IOUfttum mq M&1l¥ be ~t. It, DOW, the m-
I 

. 
th& rolatlw lIOJlleDtw. of tb8 proton 8D4 AeUtron !n a deutGl'OD, • deuteron 

~ be t~. P1"OIl the po1nt of vU.Jw aboW, the SAea1 s1tuat1on wml14 be 

that in whiob the rolaUw. JIODMltwa ot tbe DlUtt-an and the pl"Own 1!u Il01'0, 

s1nce th~ 1s the flOat prob&blo .,me.ntult 1a a 4eutet'cn. HIw.YW, this 

altuatlaA S. alearlT 1I:spoaa1bla. as.a.ce tbn th. kJ.netic e~ with whloh 

the 4ftuteX"CIIft lett tho auoleua would be t.1ce that "'bloh the IMutt'cI1 b.ro'aght 

m. Q'wll.itt.tt"ftl¥. it 0I:U1 be 4MHtD that tle energy of the dGuWr011 woul4 

tend to be. u high as eneJ'pt~ pos$l~, and the ~ ,,u .. tribut1OD 

f# tho deu.terona would brt ~ paa'ka4 111 the forward. 411"4oUon. 

G. '.' Chaw, .. L. Ooldberpr, and G. Wick haft __ quantws-meeh9l11oal 

est1atN of the OZ"08S 8GOt1on tOJ> tb8 product1mJ ot MC0ndc7 d.utertma, 

and have obtained vs.l~. ~ qua11tatlft .",..nt w1th tho upar1rlctntal 

Nsul.te. DdaUed oaapU'1sons bot.nennperiasDt and thso17 are oaapUoat.4 

b; &eftJ!'al teotcrs. ThItonttiOAl compl.1oatloDs ari .. hom the tact that 

t..bU 1a eaeentiBll3 a 1IIIn1' bod1 preble. s1noe tbe residual It.UC~UI lIWIt 

aoquua SO!$ ~ &0 a whole in or4w to oomserw this quantity, tm4 



the potant1al --l1:V of the resul~1ng bol'Oil I111lClau8 ita tm oaseof fA 

e12(n,d)ttU 1!'Gaot.1.on must " _t l.Gaut 15 'ttev ~a Mpttft than the 

~tia~ energy of tho cm'bon ~bce9.:u.B$ of tho' ~ -.dotb&Ni(l 
, " 

m\~ of the ~1~. ~1mente.l ~U~~ ~ flrom the 'feet 

that not t;mly tho ~ ooutron o~.n ~ eeoondary dGute~s, but 

the .~ protons ~ neutrons p1~~ l?;y tiw 1ttq)~ l\eutrons can 

pick up .. GeOOl'ld per1ilc1e and' p~ e.dlmtosoonon their way out ot tba 
~, 

nuelhus. 1'beae .den~ wouJ.(t have 1ft geooh1 a ~ Eme¥'tLV 'than ~ 

t~ dlwctl,. b1 the 1mp1ng1n.g rumtt'tol1, and 'WOUld MW fA much wid., 
f1ngult:&r d1stt1.button. The yield of 4.~ter_ ~d, in -this WfJ3 ;oou14 ~ 

eas1ly b8 ns l.a.1'ge or ".,r thttn the )1'1914 pro!iu.«t4 by tho Pl"~ n,eu-

E. ~. a ~'hPftr~ 
~n.tal ~t1gat1oM ot so_of the pOOMmena. "poi'"ted in 

this paper bave also 'been m~ 'by DfueckOOlr and ~11 (9) .end ~(8). 

Bruaolmer tmd Powell be.w .ae t\ could chamber st.ud,. or the snt.rgy &ltd 

ang'u.lar <1iet'nbu.UOll$ot too psrt1Cles emitted b1 .0000nnuelel ~ 

~nt with 90'" Mutt-one. ~1rmtbod !nvol'V9d the C~M 
- -I • 

of. tlw lff'a or partiole betore and a~ ~1tlg tbru e. pl.ate ot kllOWA 

stopping power. ''1'ber fmmd hlab mneX"Q' protons .deuterone ana trttoDs. 
-, 

and t.'»ir.1:8nrolte tAN queJ.lt4ti'WIly $n~rmnt 91th ~':obta~ in 

the Pl"8$OOt e~rlment as )Mg~ tJl$ ratio ofprotcns todeutca~ tm4 

tr1tou, and·t.!m general 't:.r$nds of the ~nall'gy and, ~ dtetr1but1ou. 
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~ft ~to be a qUUtl tatlw 4i~m&nt 1u tb& ab"lute wluea of 

tbf. vartauser08U oottlons, b~r. the vah1.es taun4 in tb$ prGPnt 

1i)Xp9~t b'til1D.g Qoru;1~r&bly l$r'pr tlWl tb.Oea d1et.u~ in thoolowl 
, . ..... 

i~'~ GJtperimenf4wsR done using pno~ptlpbJ4 plBtea, and ~ 

p3rfo1"'root! tor the ~ of· Gheckbg the ex1stance of the sa~ 

dGuWr~. Too merlihod involved ti eompar1soa of the grain ~it1 of tra-Gl$p 

with taG __ r8$i&wl rallS'G. Tho l"at!.G or protons to cleutercms in the 

r01'W~ d.irection as 'deterr~d by hlseXp$rifaetlts .1s5.nagnMtm&nt wi tll 
. 8'. ". 

tl".et ()be~ by. llruEuictnel' and Powell and 1D the present ~r1m$nt. 

11. ;msaiU91l! ~ Ea_ l&'9~ 
'!'ba vari.GUa Cdt4pl1utJ.ons ment1.G!l$ditt Sect.ion. 1) above li'<AI1d be 

c~l.ate13 Nmowd !n' the case of n.,.Dacettertng GXperUiante. A stuav 

ot thQ ,~t$l'OM $04~ in· too fo~d dil'ei3tlQJ1 would t,}:U,lS proVide aD 

.14eal wrq of ~the ftpl. up~ p~. . :Prelildna11' oaloU1atlolis by 

<I. r •. CAtm Indicate the.t. the 4~~nmtial c...""O" see-Moon for -protlu4~ 

3oat~ 'de\l~ .h1 tb1e prootli811 GUlF_ as high ao 30 m1U1~ pE4" 

9~at .~ tiegl"'t'KlG. 

M IW~ 1nVost1ptioa or the ~a&u7 pat'ticlG$ ~~0!a4 

by iW.1~ .with ooerg1ee ~l t1me$ 90 *'" would ala-o provide ViSeful 

!ntormation. on the buia ortlMl "piCk:gpo tlleol'1', thE! d$uteron yield ohotWl 

'~. mwm ~~Gr tlum at 90 l~. fhe proton dUtr.1but101l mq b9 marenearl1 

ltks that ~cted b$ !. 1. Iloldbergsr s1nee tllQ mean rrea path will be 

I 
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larger aDd NtruUon etten. .. 111 bra .~ ~t. 

\ . 
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Xl. AO~ 

the ~ author wtsbefa to express his gntltude 'to Professor segn 

and tbD otl.l9r ~ of the oamdttee liho gU404 ,this 1'efJ$8J'Cb tfJi' 

their' ~t. s.fdce a1ld _~t. ~·aft· also dU& to 

PlrofeaS01" I.O~ l'.a.tntence, protessol' Serber. and Dr. B. J. ~ tor 
, 

their continued lD~t !ft tb.1s .ork, to iemes Hadl4,. tor Ida 

aaa10tazace in ma1dns the expor1mrmtal obaervattoM ata4 !D fJettSngup 

~ t_ aperimeDts J to.~ W1eptd, lOS" tbe 10&1\ of certeJ.n equ.1pateDt 

at'itl £0'1' ~ ~stS.oaa, to DI'. Ohew, Dr. Gol.dbsrpl", and Dr. Serber 

t • . ...,. btenau.rc 41souse101ls of the theOMt1Oa1 1mp11cattou of 

tId.e "' •• an4 to the· ~ ~t eepedGll7 tIr. Vale end Mr. Watt, 

Who tdD417 eupplle4 some J.oU blgb eJ1GI"§l'lMltroBs. 

, ' 
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