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IRtroduetion

   CI]he Geiger'-Miiiier tRbe ctoiintei' is widely u,sed in the nuelear
exper'iments fox' mea.surhig B-partieies, 7'-cltkuita and cosniic rExyf.
[IL"he p}'oper'ties and 't}}e countins, mechanism i'or the eounter have been

investig:}te(t by many workers,i-i3 but are not yet d.eeidcclly known.

It is, however, tv most important probletn to con$truct a stable counter

which c'an reliably be usecl i'or a ioi}g tinie. b} order to obtain such

a counte]', it is necesg.ary to ptLy eareg'ul attentions to every constituent

pa}'t o{' tiie counte}', especially to tl}e insultxtion an(l the state ot' the

iutei'iial eleuti'ic f'iel(.l. rLIL"hus we could con$trttct t} very stabie countei'

vy'hic:h hac{ a wi('le plttbeazi, gave no spurious eounts an(l cotild be reli-

ably ope}'aSerl Åí'or a lons. time. "1"l}is cotmtei' could sati,slft}ctorily be

u$e<.l Åí'oy the ?'-ray$ off (;ompax'tttively low e}iergie,g.

    On the other haiid., we have ikivestigate(.l t'or b}}e,se several years

tlie Iprope]'ties and the various ofI7ects oÅí the his"h e)iergy 7'-quantt} suc}]

as emit#ecl by thc (Li-p) or (pt'-p) reaetions.fS'im-37 It became nece,ssary

to co}}strueÅí a reliable (;ot'inter whi(rh has a high eeecieney t'or these

high encr.<.ry 7'-quttnta and cloes not x'eg.ponse to the scatterecl or se-

co'n{lary ray,s pro{lu<:ecl by the ,sm'rounclinf.r matevittls. A type of

Geiger-Miilicr cotmter ol' con}partztively tl]ick xvall ot" lead was found

to be $uitable i'or oit}' pm'poffe. [I]he.n thc eounting eraciency was ctti-

culated theoretically fev various eners.ies oÅí ?'-quantt}, sinee the values

are essentittlly uset'til for the {letermii}ation of' the absoiute eross section$

oÅí various pho'to-iiuele.cLr reactions.

Censtruction

   A brass
enel' br"ieff, is

c'o{inter, niainly zisecl
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 for measu}'ing
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                      ' l}tLviii.(.r khe iR. ii(}i" ditin]etei' of 2 cni
                   -ltT'                       an('] the len.{.rth of' 4 cn] is n}ounte{'l

                       by the ebonite insulators in an outer

                       cylin(ler' ot' lmm iz} thicktaess, the
E}e"k ta] ezasc eege piteert (litLillCtCLI' it]ICI t}}e lelasrtll off Nvhichare

                       4.<i(tm and lecm x'espe(;tively. "i]he

                       sma.ll wi/'e eC tungsken or pian. own'e•

 alot}g the axis ol' the innei' tube. The outer c>rlinder is
   is ris.erl to sh/lclcl the eoa.nter /l'.x'om the outer eleetrie

   Ii't{rthor'n]ore, $ince tl}e suy{'ace kiaktLge along the ebonitc

    the innei' tube oii "rhicli the ne.{,,rativc hi,<,,),'h volta{g'e is

alxvttys eartl}e{.l by this oHte,y cylit]der, it ctu}not .give

 svurietss Ixilse ois thc eeninJal wire w}}ich if eoitnectecl i'n

  to t})e g'rid. o{' ti]e first valve of the an]plifiei'. At'ter

     dianieter olf thc central 'wire ttroni e.2nnn to O.1nini
  bc g.iiikable f'or o{ii' Åëounker. Shice, hoxvever',.tlie lairs.er

    the pretty wider range oÅí' plateaui, xve choose usuaily

    . The wire is $uppo]rt;ed. ai] both ends by the pole$
   dian}etey Nvhicl} jet ou6 1cni 'iikto the 'inBcy 'tsube. I'n

 olf oi'dii}ai'y typL' tltc cc}]itya,l xvire is n]e.rely styetche{].

  ' oAr' the 'tube, tm{'l thcre.{'oi'e thc elect].'ict fiel(I in the

        at khe e'n<'is oii klic t]ube, re$ultsing ii?L {;hc f I)<i)ilinsr

    pi'ol)ei'tie$. I)i ou}' (to{iiitei', ,yii(th tt (li,sa(lvtilititt.Te iS

 "ic eff'eetive lei\,r,tl} el' tl}e e(>u"Rte]r nia>r be thought to 1)e

     t]o t}he leikg.kh bctxvLieri tl}c te?s ol' t}ie }.)oles and. nea,rly

 case. 'i"he centra,i xvire is ticd ttt the o}'ie end. to tb ,gn)ali

  oti st;cel ivire set iiisi{le the l/)oict and can alxva),rs be st-

 , so that tl}a Ienfgt}} o{'. #he "'ire is constank throuf.rkout

    of ix long time. Tho ebonite })iu,gs which $upport the
  are not direetly fltte(i to the inner tabe. rf the in'sliIator

      cQntactted 'ii} txstial rrianner xxrith the counter x•vall on

 . iis,"h volt:tge is appiiecl, t•he sur.t'ace chai'ge built up

     may inflt]enee tiAe fieicl in$i<.le the counter an(II distort

  . 'Iio avoi{'] ,su(:h di$advantages we aclol)t}ecl the type
       rLII"he eboiiite ii]stila'tso]•s $uppor'ting t]he inncr tube

     IarL.re surttace to niinimize b}}e ie,`Ll<af.re along the sur-

    leal<age nuty Åëause the spurious counts by the eleetric

  She en{'l of the pi})e Åíhrough whie}} argoii gas and aleol}ol

     is sitiuate(.l on the side ot' the pipe to avoid the eor-
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ruption of' the insriltLtion oS the ebonite surfaee by the impEtirment due

to the impinginsr oÅí' the $tream of' t"eo}}ol vapor on the surÅíace.

    On tl)e practleal meunting of' the counter, various attent2oRs n]ust
be careÅíully payecl. "Ll]he tungsten wire must be cleane(l adequately

wi'tsh beRzine ancl hea•tecl in B{msen fiame to ren]ove the undesirably
contamina'ted maeter o]i its s"rÅíaee. Cl)he wire is then inspecte(i{ b)r a

niici'oscope. rll}e 'imier surÅíace of the counter tube was carefu11y
tr6atecl wibh n]etai poli,ghing powder ancl afterwai'ds cieaned with ben-
zine and dis'ptbillecl watex untill there were no ii'regular sears ancl tvaees

o.f grease. The ebonite $urÅí,kee was al$o earefully prepared and. a very
l]igh surfa,ce re,giStance was obtainecl.

    The counter thus coi}strticted ha(1 the very good charaetei'istics and
gave no spurious cotmts clue to bad insulation ot' the matek'ials used

ancl exte}'nal eleetrie clistt'a'btmces. It was founcl excellent t'or the

measurement ot" t}}e r-quanha of comparatively low energies. "
    In dealing, however, with the higl] energy r-quEanta such as eniitted
by (Li-p) or (IF-p) reaetions, the seeondary electrons emkted t'roSm the

outex' shiel(l cyli}i<ler su}<l t}}e surrouBc]ing ri]ateriais are able to penetrate

througrh the counter wall ai}d enter into the e- fireetive spttce of' the counter

and s,ive i'i.se to iLdcli'tive counts. It is therefore very cliffictilt to obtain

the ab$oltite iiiten$ity of the r-ray witli such a coanter. A n]ore re-
liable coimter niust be consbrticted for the measurement of tl}e r-rays
                                                                   'of such high ene-r.gy reglo)}. ',
    [L"he lea<'l counter ot' comparatively tlaiel< xvali was l'otmd to be

suitable i'er our pur})ose. "rhe one ljsecl in the exper'iments with 17.6
MeV 7'-ray t"rom (Ill-ii-p) x'eaetion,was sl}own in Fig. 2. [I]he consbruetio}i

i$ almost the san}e as 'Lhe brass

eountei' described above. The
outer shield cylincler is n]a{le of

alnn]iRiun] ot' 1 inn) t}Sekness to
                                   "rt;l,-tminimize tlie ab.sorption eS' the r-
rt}y to be n]easured. rLllihe ee(i}}ti-

ing vart is a lcad tube oil 6.5mm lem L,.a maEbe.;k Egi ?;a•:t L.i"E':lt-" i'

tl}icl<iiess xvhose inner (lianieter
                                                ' Flg. 2.
tLncl len$.th are 2cm a}}d 4cm
res})ectiveiTy. rLI]l}e reason oÅí 'b"electing Ieac] ot' 6.5mm `bhicknc$s ifs tl tLt

tl]e lead wall oÅí this th•ickness' can just prevent those electrons oÅí 17 MeV

or less fvom entering ii}to 'the efleec+.ive space wl}ich may be emittecl

ft'om the•sur!'oundi'ng materiais by tl]is 17MeV r-ray. [I]he counts t}re

ail due to the secor}dary etectrens emitted from the leact wati'anct there-
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fore the corinth}.<,,),' effieieiic>r ot' tl}e cotn}tcr c{u} tkeoretically be calcttlate(l.

I}]"ta'tlier this thlckness is neariy equai to t}}e n]a.xrin]utn ran;,,T,e oli the

secoi}dary electrons produce(l. by the 17 MeV ?'-vtty an(.l so tlie effici-

ency is possibly hig}} ffor tliese r-ray q[ianttt. '

   As is shown iii the later paragvaph, tlie counter is 'found to be
reliably used t"or the ex})eriments ot' cetermininfg tl}e absolute number

ot' bigh energy r-ray quaiita emittec} lfrom a 7'-}'ay souree.

Amplifier Circuit

  XThe an]plifier iised by us is shown in [Biig. 3. It is an ordi]}ary

                                  re$ista,nee capacity coapling cir-
      ecG ez-42                                     .
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6SJ7 through tlie minute
tanee, tl]rot'i.,{.Th Nvhich

loSNIo" ohms.
   rL{]hi$ his,h resistance

A 'ltne silk thread. xvas

cEtrbon f'or about two
clituiieter aÅítei' haviiig'

resistanee thus preparecl
a'ff'eete{'! by tl]c atniospherie

   Eaeh o/f the sta.o'es

iron box ot" 1em thicl<
neighborn'ing eieeti'ieal

cause the spvirious covmts.

to be yisecl in the hlsr

   Tl)e oatpvit fi'om

eoi'mSi}}g g.ys tem with

countex• system cot'ild be

oE "abot/it 8000 lpey mintite.

Gas Mixture

   Many workers'i',9mi8

sueceeded to diminish

                emit o{i 2 stages, but n]any filter
"::

..

i,,,?l2"--"'et'r't ll•,ilil,llillii.l,I,,kiilll,i.i,.lilli91ill/k•illi,iiX.],;1,!Y:.lee,•ilii`•ill.

   'tw' '`ca" connected to the (:ontrol s.rid off

                tbe fu'st valve UZ 77, 6C6 or
      eon<]ei}ser of' ttbout 20 pll. "1"he high }•esi$-

  the centrai "Tire is s.rou]ylÅëcl is oÅí the order ot•

    "Tas carel'ully p}•ep:u'e(l in the I'olloNvi'tig n]tukner.

   in]nier,ge{1 in the alco}]olic s{ispen,sion Q/t eoiloi{lal

   {ltvy$, xvound on a pyi'ex tube of' aboiit 6mm
   been <'].i'iec'l an{l eove}•ed "rith l)ee "rax. "/il"he

      ivas l!oancl to be very stable and. $earcel>;
        cond.ition; , ii' it ha(l beot} ].)erl'eetl>r dried.

   o{' the atnpiifiei' "ras rneunte('l. separatcly ixx the

    t/ nd tJhtis the elcetrical (]isturbtu}ces ]'i'oni the

   cleviees coul(l be perÅícetl>7' elin]ip-•,ited "'hich n]ay

       rL{]'i)i$ precaution is neces,stLry Åíor the eounSer

 h ten$ion laboratory.
 the lpowei' valve wtts suppliecl to the scale-of'-16

  a n)echtuiieal reeorder. I't ivas 'SIoxa'i{.l that the

    reliably operated. up to the nyiniber ot' tbe kicl<s

   studied. tl]e g,fts fillecl in t•he eounter. A. rllrrosti

  eonsiderably the duratioi} of' ptilse an(ii imlprove

s
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the c}}ttraete}'ititic,s olt the cotn}ter by using the nii.xt(ire of the vttpoi'

ol' an orgtuiic sub$tEn}ce an{i. a i'are ,,{,,.ra,g. It i,s fotuy'l aito in oux'

laboi'atory that the s,ood charaeteri.s{'iics "rith tt ivide fiat plateau if

obtaiiiecl if argroki f.ras is mixe(l wie}i tl}e vapor olr' eth:yialco!)ol. Such

a eoilliter can be tise(l for a ioitg tin]e xvithoiit a}a>r t'ailure.

   Before the fi}lh):g' i'ii], of the ga$ n]lxtu}'e, the counter n]Rst be gvtx-

cuttte(l eontinuo{!sly for n}()re tl}an fif'+.y hours tuyl the val)ors or gat es

must be ?erl'e.(:tly ]'emovecl which may be abs()rbe(l in the coimter
niftterial,s. If' this treaknekit is not pe}'i'eg[;t, the characteristics ofX S}]e

eouiiter is Bot g.oost anci the life time is very ,short.

   "Ll]l}e urgoii f.ras and the vapor ofi ethyltilcohol to be fillecl. Kvas de-

hy(lrttte(l in thc dryln/.?' vessel containi]ig.r the- phosphoi•us pontoxide

and ctUeiun} oxicle, i'e.speetivaly, l'or 2 days itt lease and thi}s tl}e
molsture ivttt'$ rif}erS'eetly removgad.

   Aftcr n]an>r tests it "ras {'o{itr}d thttt the best} characteri: tics Nvas

obttxined ivhen the n]ixture ot' 90 96 a•rgon a}}cl 10 0/b et}}ylalcohol xvas

usecl. 'i"}ic sli.<.rlit chak]s-re of' this rtLtio or o{' the tot}al pre$s"rc, hoNvever,

does not seem to tLf'Teet appreciabl>r tke properties of the coimter exeept

for the <'li.splacement o{} the eharacteristic ctn've as a whole.

Ckaracteristic Curve

   'i"ke ck:t,rttcte]"i,g'tie (;Ui'Ve ie
                                                        tof the so-ealie{l ,selii (picnehk}gr ,
{/:oui}ter <' Ic}s{/tribe(ll tvi)ev</} kas bceii ,g .
                                                          'illil'esti.{brat]ed by nlany "rorkefs.X,'t,iV

"2"he rc$ults obtain{4.,{'{ i}) otir iabo-

ratory are alt o cong.i$teAt xvitl}

those o{' t}}e other a,ti'tho}•s. rk"}}ey

are shoxvn h] the /{'olloxx'ii'is".

   I]'ig. 4 sliow',$ the cha}'a-
cteristic curve o.ff ti]e lead eo!'m..ter

l;'or severttl valiies oE" the higrh

resis#anee ft tl}rough xvhich the
cei'S}'al Nvire of the coill}ter is

.ctt- ronnclecit. xA.s is sho-"Tn, t.;k-,n }c;n,{lt,r,th

of the plateau is short {'or smaller

vakies of' ie ak]<l becon]e$ widei'

]'or larsrer R. It can be seen f"rom

iOO Itstt2 at leEtst.
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use, the n]ett,$tn'nien`b's are niu{l.e in tl}e wri(]e range

         i oS' eoun'tiftg it'ate tuy'l t}kerei`ore it]
                n]ust i)e. tLf cei'tti.iE}e{i. "rhether the

         , coii),iCei' hits a g,ood. chart,.ete]ig. tlcs
 7 at ctteh eoutr}'Linf": k'ate. rk"l)is Nvas
         fi sthown 'ii} [liii';t//.,y. f5, in whieh t}]e e}}t}-

   7                rtxe'ter.lstic cii,vve"s xvci'e ta]cen l'or' 7w                several (touRtin.<g rate by el}tui,gintg

o.l/ tlie eoyinter prope}'ties wi'th

the sras pressure in 'tl}e counter•.

[ll"he relative effieici!cy lror l/ILa-

</liuni ?'-}'ays a}iicl the lengtk oii

the plateau are piotted asrainst

t]he total pre,ysure ()lf tiie g.rtt$

w}iei} tl]e vapor })ressure oÅí

alcohol is kept at 1 cm l'i' f.r•

[IL"he relative ef'Ii eic,nc>r is srnalier

l'or t]I]e loiver })}'ess.sca'e. I['t

inc}'eases fbrrttdu{tlly at flvst xvith

t}he prc,gsi}re ttrid {i}eri rcn)aiits

coitstant ttt the preg.su/'e g-rea{}er

thun abotit iOcmI'Ilg. "l"he length

oÅí tlae plateau is also sinail Ett

first and it increa;es a}most
linearly With tl}c pre$sure. Tke
thres}iol{']. voi'ta/,..).'e a•lg.o iiicreag.es

linearly with t}}e pressiire.
   Ii"rom t}}e above results, it

is concluded that
and can be reiiably Li$ed wheii

10 cm ffg "v 15 em Hg (90 %

             kee ltu Eee" tTco
           Coupter Voltaae in Velts

            Fig. 5.
    Ar 9eml'Ig+Alcohol' l em}'Ig
    .k' -- 23 Å~ IC8 .o.

    In]g R•a (filtered with 13.9mm I/'b)
   xvas I.}I:yeed at

 l 45 em E 90 em g l80 em IV 253 en}

curve in{]epenclent ot' tl}e coux}ting

   lll"i igs. 6 i}n{ I. 7 sl]oiv tl}e chaiif,..l'e

 •- - /li

  't}}e dz;s't•tuiee bet"r•een the coz'inter

  ai]..(ll. the in]fg .ge;}.<]iuni ,sotn•ee. ri"ke

  ra<il{ini soi'i}'ee "ra$ fi1'te}•ed lt'5.6rr]ni

  iead :uyi E>laced ttt tlie di$#anees oi'

  45, 9(), 1,80 tin{] 2cf->;", cin i'L'sl)ee-

  tively. I[e i$ ,geei} thtvt t!]e
  eounte}' ha$ a .,(.,'roo('l charaeteris'tic

l'tvte.
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EMciency of Counter

   Ilt orcler to obtaiR the absoliite number oÅí the ineident T-quanta
from the measurement witl] cotmter, it is always necessary, to determine
the eMcieney of the counter. A Åíew worl<ers2eH27'`jS studiecl this pro-

blem ilor the T-rays of coniparatively low ener.cries up to about 5mc2

ancl some resuits were obtained for the brass or aiuminium counter.
[I]here is, }]owever, no reliabie knowledge for the high energy r-rays

smeh as emitted by the (Li-p) or (F-p) reactions. The author has
tried to calcuiate theoreticaiiy the eraciency of the above-mentioned

lead counter for the high eBergy r-rays, since the experimental deter-
mination belon.crs to a very diMcult thillg in the preseltt state of matter.*

[l]he calculation was made at first for the rectangular counter witl} the

same thicl<ness of wall as tl)e cyiinclrical one Åíor tl}e sal<e of simpli-

city an(l afterwarcls the correction due to the oblique incidence 'was

considered.

   Acco}'ding to She quantum meehanical ealculation,2D'3e tl}e great
majoriby of eiectrons are expected to be emitte(1 in the forwui'd dire-
ctioit in the proee$ses ot' tl}e pair creation an(l the Compton effect by

such high energy r-ray,s. Thelt the eraciency n.(hv, t) of the reetan-
gultu' counter o'f tl}e thlcl<ness t for tl}e 7'-quantam of energy hv may

be given by tl}e following expression: '*

   op.(hv, t)difexp[-r(t-x)]dxf[a,(hv, .ZZ])p(E, v)

         +{2a.(hv, b')p(E, x)-a.(hv, IZI)p(E, x)p(hv-E, x')}]elE,

where T is tlie absorptio}} coeMcient of the ?'-quantum considei'ed.,

         x' is the clistance from the inner sra'fttce o.f wall where the

            seeondary electron is produced,

       a,(hv, E> and a.(hv, rc) are the probabiiity for the production

                                  +            of secondary eleetron of energy E by the iiicideitt r-quan-

            tum of energy hp by the Compton effect and the pair

   ee The author made a preliminary ealculation of the eMciency of the thick walled
lead eeunter described above, disregarding the effeets of the n}ultlpie scattering and
the radiation }oss of the secondary electrons for the sake of simplicity.CS
   eeN A prelin}inary report of this ealculation was given at the meeting of the In-
stitute for Chemical Besearch, Kyoto Vniversity, Noven]ber 1949. (Bep. Inst. Chern.
Bes. Kyoto Univ. 2e in press) The details of the calettlatioR vvill be published soon.

(Journ. Phys. Soc. 3apan)



182 fifasctte•ru So7toda.
..,i pa.,,, .) ("' ig,Ltk';,' i$II5'g:l":/rii [ey'Si?,e",'i'111V, "lllki,;ii tiie ek,c;ti•o)i {')f eiiei'f.ry ib'

        " <;'tm pci}et}ratc thvouigh t'lie thielgirieti's :?/; ot' ehe wal2.

"LI]he probabilities ibr the productlon oÅí' t}}e seeoki-<3tu'y eiect}'oi} ffc an{l

a2) czac n be given by the ordinary t}}eovy oÅí quaiitan] mec}}anics. ri"o
caletilate t,he penetra,tioi} probability p(t:', a:), we mgst eonsi<iey the
effects o{' the n]ultiplo seatterii}.g t"y'l the ra('ikXioji lo:t (){t "tihe segon-

clary electvonf. -
   Iff"oxvle}. ancl others3Z studietl tlie ef'Tect oi' the inuitiplv" K.ctttterinf,,y,

ofr electron iii alanii}ilun) by the n]etko{l (]evelola,.ail by VV' . Bothe.3"'

X'V'e kave n]a<'{e a sit'i]ilar calct'ilwtio}i .t'oxt the ease oil 'the lead co(u}tey.

                                           As So Sha racliation effect,

   3sc} tlie theory of the eosmie ray
:pt"L 2S                                     sko"rer `3;S has been tLI)}}lle(l, since
      ''5 2a ' the skniiar n]ultiplictztion pro-
 l? es cess is suvpo$e(l to oecur when
 •ptpt., tt $ecoi}{la/'y electyon oÅí. his,h
EqS IO . energy ?e}]eti'ates thro"gh the
 q' s wal! oi' {}l}e coimtei'.
                                           "i"ke f'kial }•esul'ts ai'ter !nak-
        "-.           te zo Je 4e i]if,.r the (;(n'yecti.on c]{ic to tke
             Igig: s. c>rlin(lk'ica,l shal/)e, are list]e{i ln
                                     "llL"able 1 aiid. shoixir} iJi }"{'ig. 8.

         [ll"ABI{'JIIil 1. The lf]f.Iieieney of #he Cjyr!•indrical Cotmter
                        (inner diameter : 2 cm)

                                                               ttwwtt.t.tttttt.                        ''''' l  XVall
tl}icki)ess
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   In coiiclrision, the autl}oy wishes to express his eordial
1'i'o{'. B. Aral<at:u, i'i'ol'. ]<1. 'l<in]ura and other nien]bers, of'

rtt'tory i'or kelp!'ul sttig.(restioi]s on e.x'perhnekts and. t'e IProf.

yasi ir'or valuable dis(tussions on theore'tical ealcula'tioits.
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