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 gmtredzzctioR .
    Wl)en the eyli}}drical eoiniter ordinarily nsed. is operated under the

 t}}re,shold of the Geis,er-M{iller region, there is a certain range of
 volta,Åí,re in w}}ich the ehars"e aecumulated oR the central wire is pro-

 portional to the primary ioiiization. rXhis is calle{l the proportional
 counter aii{] ean disc}'imitiate tl}e nature of" the incident particles by

 tl}e ftmount ef', ioi}i7"ret,ion. I'S has yecentiy been used widely beeause

 of its variotls a{lvantageE .

                    E. ev-Proportioital Counter .

    The cylindricai pronioi'tion.re1 coimter was investig"ated by several
 xvorkers,i btit it; ha,<'l a sei'io-s <li.sa(lv,ftnt,age 't,hat the an]plification

 f`ft,ctor is very senf.,'ii;ive "u'o She smaii c,harifrc of' the a[pplie(it voi'tat,r,e..L'

t It wa.g, however, l'ouRd by IKorflr aftd Rosea that the amplification

 faeto}' beeame tL sloxvly chaiif.rk)g f'une'tion oÅí! the appiied. volttetge when

 the eompa,ratively iai'ge amomit olf methane or ot}ie}' complex gas was
 vised aii<l t;ke })repor'tioRal eogneer eoul<l be stxeeessf'ully used iÅí the

 ap,plie{l volta/..re "'as tiiffieien"b'I>r s'ttk,ble.

    This eoi]ntcy l}a,s the ffoilo"'in.<.; adva,i}eage$ :

 (1) It })t},s a, smgdl pulse-wi{leh an(l aeeor{]ingly .i be'C'ter resolving

    tinie tli'a}i t'}ie ioRi,'rltvtion ch{tn]}.)er oÅí a,n ordin,avy NV'ynn-NV'illi:)ms

    t>rp.e oKvinf.r to it,s l]if.rher a,ppKe('l voi'tage.

 (2) In thc propo!'`ti{)nal eount;er, a eerta,in tunplifieation is perforniecl

    in the c,eunter it•,sel[' ft,nd 'tJhei'el'ere tl}e pulse hei,(.,,'hi} on t}}e eollec'eor

    is' f,.},'retLta}' t;lia,n iit tl}c NYyn}i-XYi}littn)s ionization ehan}ber. Aecor-

    (i}k};"g`l>r the lttrge (t{'nmt•e.r eix]} be- grActil wl't•htt>ut rt}iikin.c.," the pulse

    }]ei.f..,,"ht too ,gmall by 'its larf.re, ca,p{ic;i'{;y which is vevy convenient for

    thc o}>scrvat•ion of ve]'y ]'are exTen't,.g.

 (2-}) ll?iirt,herniore, t;}]e {unpliCier ea,n be simplified an(1 that of fo{'ir g.ta.(.re

    is s-'fYicienk

e
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   We have invdstigated i'or t}}ese g,everal yeart the various photo-
nuclcar effects by the ?"-}'ays I'rom {;he (Li-p) or (F-p) reaetions." In

'these ea,ses, tl}e very rare events mrisS be coun'eed under 'the intense r-rtLy

}/)aÅëk",.rroun(]. "LILihe ltir.('re P/topoytiiLoiial eounter Nvas IXorincl t.uitJable for

s-ch invcs'tjif.rations .`ln(]. g.o itg. p}'operties lvel•e invef ti//;ated.

                                              'ComsÅíruetian

    r/I]he cleta,ils oif t})e coiinter a,re ,ghoxvlt ki 1ff'i,g.. I. Irhe counte}' xvR,ll

                                      NV" is n'iade of:' ,ft1{'iinink]ni of'. 1

                                      inin in t'hickness and l.)tzs the

                                       ttcupper poles l) o{' 3nini ii.i dian]ete}• xvl}icli jet oiit aboat 3ein into the

iii]ier t}ube. S is an oui'tei' al"ritiiniuni eyli'su]er oÅí ItOcn] i}} (li[arr/iet;er

Nvhich is /,..>trounde(] t,o s}ii.eld. t,he Åëoui}tev f'}'on) 1;he out]er eleeix'ieul dis-

turba,nees.. "k"l}ere is the gtuu•d ring (} })etxveen tke eenti}'t\l "Tire and.

tl}e cot]nter "rall on ivl)ich t}l}e iaef.yatiivc l)if)'h te.nsion is applie{] .go tl]ti}t

t}}e g.t'irl'ace leakafge Åíron} the coungu'ey xv&li niay alxvays be eai'the<], noe

so as to reacl] t;he co'Ileeti}ig wire. ri"l}e other consti'tuen't parts are

$imllar iio thog, e of tl}e (xeiger-M. iilier com}ter.

    '
AmgeKfier Åëfireasit

    Cl]he arnplifier a{]ovted is a C'our s'taf,,J,'e yeg, ig, tiainee eap.aeity eoupling

 type and is shown ii} Figy. 2. i[t
                                        eCs (cs sts -n42
                                   la"'hat ft :'}i' 21'" a "g' ,,:'i-';i:!' ts'rvt

                                      4:tiiÅ}tLE.lilllil.=l.ii..i"'

is { sini}}iifie(ii i'orni of' the linetxr

anilp}ifier rise{'] xvi'th tl)e ioiiiza'I,ion

chaniber.i' rl"he een'tral "r]re oii '#l}e

cou}iteir is coniiee{;e(] {]ireebly --"o

the cont)'ol f,.Tri('l off thc flr,s'f. valve

6C6 or 6SJ"t, xvl}i(th ig eav'ehe<1
t}]rouf.r}i a high resig. taixec o[" tihe
o}r{]er {/)fi 1<1)S'wl{1)" ohms at}d tt ,s.nml}

bi.a,s (:eii. r/l/]he t'.eeon(] an(l th'li'd

vft,Ives are a,l,go 6C(S or <1;ltS,j'7 a,nd

the 'i'our'tii} one, i.s a poxvpt' v,ft.lve

UZ 4nd9 or 6}l6.
   rk'he ampl{fiea;tion i'ae.'t}o}' is

screen f..yrid .pot,entia,1 of;' stie fu',gt

eohtrolrefi
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   .K'.i -- 25e 'I< .o. I'otentioniet.er
   ,R,,=:5ee 'KLo. (]i =:., 2ptIii
   .fe"-um .t)o ]<st c',2 =:e.eoej ltl.?

   .A'7=: 7Ks} U:l== O.Celx.e}",

     by t,he ,sllf.y}}t chftnge oÅí' the

g-eeon(.l va,lve. IIt is desirft,,ble t/,o

v
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eontrol both potentials eomplemeBttirily in oyder to avoi(l the miwante{l

{listnrbances oÅí" linearity. .
   Eaeh g, taf,r,e oÅí the ,ftmplifter is mognte<'l iii a separated iron case iN

or<ler to elkninate the eleci.'rie di$tgrbanees. "rhe Hnefi,rit,y o{' the

an]plifier xvas teste<] by the pulse oÅí" la}oxv'i} vokagre Åíroin a p{ilse

s}'elle}'ELtoy.

   rÅí!}e hi//rh vol'buf.?e s{ippiy oÅí an ordiiiary Gingriel} typeO waf iise{l

w}}ieh was eapable of g.rivinf.r a very sttLble voltafge lip t,o 5000 volt,g.

ÅëharacteristiÅí Curve

   Aeeordins.r to Rose an{l I<orff,3 it is neeegsai'y to a(]sorb 'the pho'to-

quanta and ,guil.)press tl}e p}}otoeleeeric eÅífeet in the coui}ter by AIIi}}.c.r

it Ilp xvith EL ee}"taill tllllollkit o{" colllpiex ..c.rtls sucl} .fts il]otlNu}e, irl ol'del•

to obeain a iaeliable proportion{tl coun'ter. XVc have a(lop{ied the n)ix'ture

off me'tl}ane tmi<l argon f.ras aftd hives, 't}ig,`tt;ed it,$ eotm'tkif.r pro/.)er{iie: fbr

<]i{giTerei}t mlxintg' rti,i]ios and va}'ioll.g values oi' t]ot•ii.l .pre,ssm'e un(ler an

intense ?'-]'ay baekgroun(1.

   As ai} c/t-ray g. ource, we iise(l a pieee of lpite,})bleri(]e or ac•tive deposit]

f}'on] rl"n })ktced a,t a ..{riveit <iig, 't.anee l'roni tl}e eoiintei'. rl"l}e a-pi"'tielcs

Nvei'e h}ts'o{lyicc(1 iato the coiiriter th}'oiif.rli Ex tThh} almniiiium window

of 2 nig/en]2 in thiclaiesg, . rL{1"}ie ii}teng, e r-ray baek..(.}'round. iva$ :pro(]uced

by ftt 5.4ri].,(..y }iadiurn in a iea<l c{ise ofi 6nin] in thiei<nciss plaee{] a't tv

(" iisga}}ee oÅí '7.1 cm {'rom the een'tex' off tha eoru}ter. rLIL"he ii"niber off the

hlci('lent r-rtLy gtll, kle.1 lv}tg, e,stJilllat-

e(•l tO -be oli t',l}e or{ler o{' ,ELx.lo7 Ar 2apt. CH. tescpt

per sec.

                                //, /   A ty}.)ical eharaetey;stie curve

wasfhown in :ii'igl. :') a ['oy t;hc c.kse .olr A,,r .9,cml{/Ir+(]`l'I.f. 19.8em}''l'f.r. fis /

I'i?e//;ifi3t21'af'J':/kww(ly6[l:li8L"11•a:ll'5ptfl .-.i""'tv/

i'a})l(]IY ftt firs't an{l tken t'he ri,ge ts". /•/

                                8/beeon]es fg.radual in Eonie i'ef.;ion
oi' a,pp.li.ed voi{la,fge.* I.}1 thiS S; t. -?tgtssee 2"co'eecdant, E2sc vee eqw'

                  '1'{/}L,'i()l}, the 1'ate of ]'i: (} llf !l,l)olTt cette?ey vot-asqe. en vott`t

15.v20 95 an<1 {i}}eref'ore t;h() .Fig. 3a.
eoi'in'tier cai} l)e prfi,et,lÅëa}iy iise(l,

   ';" [1]his regv;on ean ha ealled " lilateau " as in the ea,ge of' the (/iei,",er-]N'ftlller counter,

although it ;ts not so fiat a,g th:tt o/f the. ItLtter efise.
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eontrary,the amount of methane
must be gx'eater than a eertain
lower limit (about 2 cml'Ig).

   These are shoxvn in Figs, 4
and 5. ilTif,,v,. 4' gives the relt}tioii

between the plateau and. the
total pressm'e when the partial

pre$sure of argon is maintained

at 2 amd Ocmligr (no ai'gon)

respectiveiy. Fig. 5 shows the
plateau asrai'ns't the rnixing ra-

tio oÅí' both eompo}ients at the

total pres$m'e o{f 10 and 7cm-
I-Ig. "Che r-point is indieated.

as tl)e cross a/n('l the <lottec]. Iine

i'n both fif.ruves. As is seen,

the ?'-point] i'alls on the res,T,ion

ofi plateau fo}' a high Ipressure

and therefore the relatively
stnftller p]'es,gure is p.referable

to detect c.y-particles or p. roton$

un{'ier such intense r-ray baek-
s'rot'inc}.

           suco

it-

t3

 Sonodct.

   iÅí the high tension stipply is
   smffleiently stable. The arrow
   indieates the voltage at which
   the counter begins to become
   sensitive to the pile-up oÅí the
   r-ray quanta. IYe wili eall this

   point the r-point hereafter.

          The plateau is displaeed
   as a whole to the higl}er voltage-

   for the grei, ter value ot' the total

   pressure. Argon is, not always
   necessary. It seemff, however,
   tkat the plateau region becomes
   w2der an('l. the operathi.ff vol*a.(re

   decreases when a .gmall amomnt
   ot` arg'on is added. On the

      As m 2cm ts

                         "-'XX
k              ..-iT-Il!,,..

              - i"!             t .pt" -
ss,o ..'f/''iJY
        - ,,pt' -     ..(./' L.-
 ,Lrmt,k/""',,'.M--its,ritrrmia42sis""3"

       tetat ?recsure ;n anl tte

       tEtt onll

ll.I11ll1.
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     tetat taTrrwD--:trPV'essittc in cm ig

 Fig. 4.
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                                            '   The methane gas can be re- gn
plaeed by the vapor of aleohol. ptgS•l•gh,gS.g,h,slei7g.'g.:,ag:e{ai,la:•ii'ihtlg,11/.p.,.,./\.-..{....."•;--l--••}---l--iie:",

coiivenient as methane gas, since
                                   SOa to to sa -e sn lp 7e et S- -t ts
its vapor pressure is very sen- papmtass ti r.thant '
sitive to the room temperature. Fig. s.
 '
            II. ct-Proportional CoHnter ef Flow Type

                                                         '   Recently J. A. Simpson7 devisecl the a-proportioftal comiter which
operated at the atmospheric pressiire, the met}]ane .cras having been

gowed through the eounter Åírom the eommercial bomb at the atmos-
pheric pressure. Since it has no nee(l of evaeiiation, it i$ eoiivenient

especially when t}ie eotmter wall must be 'eoated with varioi]s samples.

   The properties of tl]is counter were also investigated by us. The
construetion of the counter wasu s similar to the one shown in Fig. i,

except that the gas intet and outlet were providecl in tliis case, throt]gh

whie}} the methane gas Howed into and out frem the eounter. "iihe
diameter of tl]e central wire is smaller ai}c]. n,ftmely O.1mm in orcler

to diminish the operating voltage. [IL"he method of operation xvill be

described in detail i]i the next sectioft..

   'The ch.ftraeteristic curve is shown in IE'ig. 3b. The rate of rise in

tl}e plateau is smaller than in the case of the orclinary type.

            III. B-Proportional Ceunter ef FIew Type

   We have applied Simpson's methorf to the B-proportional coimte}'
and obtainecl the satisfLactory res-lts. This B-ray p}'op.ortionai counter

of flow type has the varieus aclvantages. Sinee it })as no need of eva-

ellation, it can be usecl. immcdiatel>r •after lputti}i,cr. together. [l]he win<'low

ca}} be made extremely thin or, iff neeessary, can be ren]ovecl entireiy

and the sampie to be measure{l can be {lireetly put oii the aperttire of

the counter. "j]l}us we can measure- the B-partieie-s of very low energies.

The eotmter ofi this type xvill be very convenient for the tracer oÅí
low energy B-aetivit>r $uc}i as Ci"' or sa5.*

   X {I]he energies of B-rays are O.15 and O.l6 MeV respectively.

.
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  fine tl}at we
    O. 07 5 nma k'}

   ]/}ele of' abori'it

 tnl)e. A sn]a}l
    t}}e ot;hei' end

     :1 mm be}ieatih

      ol' the e}e.ctrie

   ft,Åítex' sevel'fl,!

  /cn)2 ;tc an(i ;)).t) (.xrr]

     thc inner
ebo]Rit,c i]}sulator

       thc hi(rh
            {r.:}.
   t;he la}'..tre s"ri',ft,()e.s

 I and C} {"re Shc

      wkiel} t}}o

on the si.(]es oC

      the el)onite
  g.ftg, es. ()a,l'e

degeribe(] 2a the

   ekzzg CkaeracgexgstEcs

lnallRe,r O{' OI)el'atll.O)l

    fiows int:o
      Il3' is. a, fv

  aboi'!t; Lt cm t}iyou{r}}

   sin]ple 'l'iowr

t,i [i"])is thiekness corregFon(],g

                 g

    Ma$aier2',. go?zodia.

 aounter are shown in Fig'. 6. It is a}} end
              win(loxv type. A bi'as$ t{ibe Qt'.
              2tx)in in thie,l<ne,g.s, 2cin ki diar
              niete]' tuM] 4(:n] iii le?ig,t}i, is
net
              niount,e(ll. by an ebonite inf ti}fttor

              in a,n oi'iter eylinder. rl]he outer

              cylbu}er i$ 4.`Sk en] in dituneter aiicl

      [M Etu.;r, 6 (Ji)} IOi}s", an{l- if ,(,T,ronn(led. in

      Eill gvas, oi'dei' to prevent tke electricft1 dis-

              turb' aiiees f'ron] iniposi}k,g o)} the

              cent}'a,i wire. rXhe cexxtral wire
 ean (limini,gh the opeyiiLt;i]ks,,r, voita.<,,>,'e as pos$ib}e

   (]iametei'. It is suippo}'ted. ae one eit{'] by a

    3mm 'in <]iameter xvkieh is put .1 cm hito
    f)'la,g,g bali of aboiit O.5mni 'in dia,meter was

     off the central xvire t;o eiiniiRft"ue $l},ErkiRg.,."

      tl}e eR('l Ip. lane <.)i' iiiner t',ul)e to n}ininiize

      . Siel{'l. ri"hi$ vt}lue "'a$ ex'})erkneiitaliy

  tests. "S"l}e xvhyioxv 'lf ft 1;hin eollodio]} S'oil

  K i}1 <]ia,nie,ter, a)i(} //>fnn] a];}ai't fi'()ii) the

 c'yiin(]er.

    "rhieh suppoi't; the k}iier tube and the ene
  ten: ioia leaG is •eonne.eL'e<l. eo t;he eonntÅ}er tTtube

         a,s .possibie in or<]er to niiltifi]ize the

   f.rat k]leiJ .knd• the grn,f oiitiet respectiveiy. "Xhe

   s,as fioxxr,g iRt() a]a{l out .l'rofii the eoiniter az'e

 the kxlet a,R{l oatle.ti pt].>es to ftvoi<l Åíl)e p}'obae.)lo

    g, it]'f'ac;e cttuse<] by tl}e dire.c•t in]pact of the

 ful p.ttie]itions xverc .paye(i to every eoi]stiinient

   .pi'exrious pti,per on tlie ?'-yR,y eou]iter.

   ' is' s(;}}en]at/,ieally show)i in IB"isr. 7. ri"ke

  ehe eeiiiiboy tin'o"f,.sl) tiho inlet I tt,n("l. out i'rom

 }ats boti{]}e fl}le(l wi(;}} vf},(:mmi pum}i} <>il fi,t, t;he

        wk'leh tihe. nie{}htu,.e sr{}s 'is bul.}l.>le,(1 a,itt(l
     b                           .n
 me.tier xvl]ici}] 'i.n{llcr,atet iihe /Slow rate oll t,he gra,g.

      {a t}le l?-l'a}r etler.f.,y of Z(ri 'l<eV.
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S is t}ie stLn]e bottle tt$ F, b{it
                                 -                                 cev ges</t{/)]}tail}: moi'ekn]eu]lto{' oi},)lan]ely

ut the }}if..i.h og aboiit 10em. (1]){,

()th Cg ttir}</i. C.i a}'e t}-ie eo(;lscs. Iit

the staCe oi' ok)eratlol'-}, all tkc
cockg, .i}'e ol)ek'ie<{ {}ii(l S}}e iiicthtii}e

                        ii'loxvs t}}rousvh the coukiter .at}(l the

'{-low mete}•. "rke bLibbles aye $een ii}

botSle S, beeause t}he hif.},'}}er ibress{n'e is

ii' tl}e pressti}'e oi' the n]eehEu}e lgas '

igas will fioxv thyoug'}) $ a)kd, tbe thiit

teetetl S')'on] brettkinf.•r. Naniely, S is a

actuai opeyatlek), tlie an)ou))t o,I', oil in

jus, te(1, taking accourit oi" the strengtl}

   Bel'ore operating, the coimter must
by fioivini,.r ni(}thtt]'ie {}sas so i'apidiy t}}ttt

pret'eetiy ren]oved.

a$'ter tlie beg'Innin/..,r efi t}}e fioxv an{1

vttl(ie. rÅí"hen, diirintg tl}e o?e•}'atioi'i

of k:)iO or ;;O btEbbles t/)er minutc

   rl"he ckaraetei•i$t,ic cttrve obttti}ned. '

                           i                                  R
                                  1
                        /<
                     t t.s"                   pt"               .i'k'-pt .v- Jua / ;f S -" fi / g:e'aa /
 +[.

II]i

  ptte

   ttrmm--+'V-'laN' "-' --' ts invt----"m

Co ttnter.

s

Ci

i'1

                                              ci
                                             }]` lg.

                                  the i'iow meter

                                    rleees$a}'y to
                                 rmses suclclenly by

                                   {"oil oÅí the wii}dow

                                     simpie safe'ty
                                    S an<.l Il' fi)-st

                                   ol' the i'oil.
                                    be clea}'ie('l /l'ok'

                                     tke aii' iii tke
                 XVe see tiiat the threshol(l volka.{re deereases crra<l

                                  '-f'lnally i'L becon]es

                                  the fioxv is diminishe(l

                              thx'otig•s'l) a i)ole oii i mm

                                   ls sho'svn i'}-i lflk"it}t

                                   .lb.,t(!itill] SO{ll'Ce

  ..,S ca(li shi{,ii(! wiLs
                                  lis,ttuice of l(}'t   t
                                  ceuJitec'. It is   f
                                  t}he aemoE,iplick'ic   f

   l "S,lii2,?ec'i/rs;trs,g/rti}etL"inperatui•e

uL                                  pi(ily an{l tkeii
       j'""" .y,'•.e j,eb s7.. su,., j{,,. .v`T).l'l'tt(ltltLl ill {;lle vOltas}'e rtLllv'e

     . Cqde•"v veieaGe 36(1.}(l} to 38Cf(>' velSs
             l?lg. s. In this rtu}.(re the
                                  abotit 15% ttn{l
eounter can }je I)}'ttet}icttliy t!sel'til it' the high veitas{re

eiently $table. ri"l]e natu}'al btvelÅí.{grotind is about 11.4/n)in at

oÅí the })ittt;ea-. rLiLil}c an]ll)lii:'ter is t}ie .g.`uir)e as t}kat shoxvn

   Jl]'inally, thc' atitbor xvl$bes to e.xpress his corditvl

B. Arakatsu an('! Vroti. I<. I<im{u'a lr'or t}ieir valtit}ble

durinsr this woi'k,
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  tke r2se becomes
            l'lrOl'l']
    bO.
     Ii} Otll' CtLSL'.
   ratc off rise is
    the}'eilbre tl)e
   $upply is ,yuffi-

       the n]i(ldlc

      in Fig. 2.

  t;haiiks to I['roi:'.
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