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By HidcLi yul{ntr.

(nc.d N.s t7, 19i]4)

S l. Introduction

^i 
the preseDt srage of th€ quantum theor). Iiiile js kno$n obout

the D8ture of iuterociion oI eiemi\rtrry Frticle"c. Heisanberg coDsidered
the interaction oI ,, I't$izwechsd ,, ber,weon thc reutron anJ the proton
to be of irnportance to rho nuctear srflrctur.c.(,1

_ Recently f€rmi rreated rhe trobtlm of B_disirltcgraiion on thc
hypothesis of ! neutriEo "o. According ro Urii th€ory, th6 reuiron and
thc_ proton can irt.nrct by erni ing and {bsorbhg A p{ir of neut D;
and el€ctroD. Unforiunatoly th interaotiorl n,r",g.', 

"ut"otut"d 
oD 0.,"1,

ssrumptior is muoh too stn$tl io account for rhe binLtirrg elergies of
neutrons and protons i1L ihe Duot€us.'')

To remo\.e this d€fcci, it Eecms naturlrl to modiry the thcory of
Eeisenberg a.Dd Formi in the following rray. The lransitioD ;f A
h€a\.y p.rrticle from neuirorl siaic to lrotou rtute is rot alwavs accom-plrr.dbJ r,, eDr,- ioD.,1 ligl,r pjlrLi.\o. i..., r r -u.rin,,.nct an .t".rror,
but the energJ liberatcd by rhe tra]lliiiion is taken ut somei,i,ues b1,
anoiber hcaly pfiiiclc, $hich in turn $iU bc t$nslormed f.o* 

".ot,,siaie into neutron stato. If ihe probnbility of occurrcDce of the latter
procesii is much largcr than rhlt of the former, rhe iDter&ciior b€tweeD
the ueutron and thc proion wj]l be much ]arg€r ihaD in tbe casc of
Fermi, wherl.as thc probsbiiity of emissjon oI tigtrt Darticles iB not af_
f"c,"d e. -",,,,, ll).

Now such iLi€rliciion bet\rceD ihe elemcntary pariicles can be des_
cribe{t b}'neans of a fictd of forc., jLlsr lls the iDi;raciioD beiseen rhe
chsrged particles is descrjbed by ihe clocironagnetic neld. The above
considcrations show ihai tho interaction of heavl. Friict€s riih this
ff.ld is much larsor ihan rllr of tighi partictes niit it.

O)t tILe lttct.t!:tiotL of llten&ntun\ pdrtictes.

_ (1) W Eeiselberc, zejt L I,hye 27, 1 (1s32)j 28t156(1932),80,bs7(19jJ). 1ye shllldenoi. the nrst ol ihen by I
(t) !. Ferhi, ibid.88, 161 (ltr4)
(3) IC. Tanh, Nrture 133,931 {193.1); jl. Ie.anenko, ibiil. !81 (rgil)

 Proc. Phys.-Math. Soc. Jpn. 17 (1935), 48-57
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In ihe qurrnudr iheory this nelil should be acconpenied by a ncw
sort of quiDtum, just as lhe elccirornrgnetic field is accontaDied by
the photoD.

Ir ihis paper ihe possiblc natures of this ficld and the qrlarli,ulrl
sccompanyiDs il witl be discussed briclll rud rtso their bea.ilg on the
nuclear 6trlrcture vill bc considrrcd.

llesitles such an exchargc force urlal ihe oridjDsr]. clectdc a]rL,l

magDeiic forces there ma,v be oiher torces beiieer the elcm.ntary l r-
ticlcs, but we disreglrd ihc tati('r for the mom€r1t-

tr'uller account will be made in the neni pl't.r.

52. Field describing the intcrc,ctioD

In anrlogy with the sc&lllr poi.ntial of th. cl€etromagDetic fteld,
a funciion U(:r,3i, z, r) is introducd to describe thc ficld bet\i€en the
neutron and ihe proion. This,function will satisfy aD equstion rimilar
to tlie v:rvo €qu.tion for ilre electromagneiic potential.

No$ the eqnalion

(1)

hJ. uDlJ ,ia1ic ..lLrro1 $i h "", ,r,l .y,,'rnF'r. I 
, excepr 'headdiri.e

ADd thB rnultil)1iclrlivc constantr. Thc poteDtiel of force betweeD the
n€uiron arld the lroton shonld, lror'€ver, loi be of Coulomb iy!e, but
decrease more rnpidlv $ith djshnce. Ib can be erpressed, for exa[rple,
by

+ or -e'9-1 ' (2)

wh€re o is:r couslAnt wilh the dimen-cion of electric charge, i.e., crn.9

sec.-l gr.l and ). Niih tbe dimentioD rm. 1

Sitrco ihis funciion is $ static solLliioD with central symmetry of ihe

lct this eqnriiorl be assLrmed to be ihe correci equAtion for Ui)1vncuum.
In ihe presenc€ of the heivy p&rticles, ihe a/'lield iDteractF wilh th€ln
and cnuses ihc trllnsii,ior frorD neutrcn $trte to plotoD state.
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Now, if rve ioiroduce ttre nrtricessr

" rl' ; , rl ;,r {,1 _0,)
ju'd 

'1, ."r. rl,. rp, rro. . 1.,. x I .,,e 
Jro.^r. .,.rp t,\ 

" LL4 i.. 1r.!p..'.\.r.\.. ,t,. {.\p Ft ,l|i,,r iF E v. 1 b!

ta | ,. 
" 

lt I .,j.a .a _l_ ;,i -4rttt 2'e
lrLere 4 dcnotes ihc nnv. funcfioD of ihe ticarJ, particleB,
tion o{ lirn€, posiiion, spin as we]] as ft,, whirb iakes tire

(.1)

being e func-
Yr uc eiihcr1 or -1.

Nexi, thc cofjuslre comlrtcx fucinnr a(1,y,2,r, satjsfyirg the

l^ -: u; -l"i r: _ +.!t&,,tj",t , (5)

is ilirodrrced, corerponrting to the i!1,erse iransitioD from troiolr to

Sn.ilar €qrrtbr *.iI liotd {or rhc v€cror tuncrionr vhich is rhearulogu€ of the v.ctor poidrtial of the etecirornogDetic fielcl. Howc\.ea
:ve 

d.rsrlead ii for i.tre non,cnt, as itre s Do -.*", ."r*i,i"r;" it"""ri'r,l. J,,.rr I,r'i.,-. lt. .- .in tlF ro.,-"pt r:\i.,i,. nxve cqla.ion!. 1,.ii,.s -ti \'itJ b,. ,j."J ror '." hp.,vy p1rr."t". ir rhi tulioqin;
\vay

lh'/I+rt I-r,\^ .. c l,q\.r/ .r/. Jr.. ,, 
,r' ,, "-l'.u.,

.s(, , -r." t -.Jr,. 
S 

,r. o. ,ct

wh.re I is Planck,s corlstaDt diviile{t b-r 2r ard )In, }[r are rhe massosof ihe neuhorr rd rhc proron re..pecrii.ety. .tle reaso,r r"" ,Jirg tni
rr€gaiive s;gn in front of s 'r,il be nentioned hter.

lbe equ{iion (6) corresporlds to io I{anitioniau

H_, 1 , L,,, |,r/,, t_",,r,...
4.11. tt!, " 2 z

t-pt i': -,n*r'- ) ti)
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nhere? is the momentuD of iho pfiiicle. Il we put J/-vc' ,lI"r': D
aDd Jfi + rYi,2.'f, the equaiion (7) beco,nrs $pproxiDutNlv

.p -11;, -, r -, -,1-u,, {8r21[22
nl'Fr" ,l'" "or'.rr',, r rr. I/:: L; ,,.niLrr l

Now consider i$o hcarv plxticlei at poirls ('j, ?,, :,) nnd (2,, y,, r)
r€speciively cD.l ,€sl]lne their relrl|iva rel.ciiy to bc small. TLe iietds
',\t G',.s,,,) d,re to the liriicle at (c,n,z) are, frorl (1) ald (5),

t'\",,,r, ,,):a ::tri i' I

t, 2

L''l.r. 'r..1=o '" 
l+ +'r ).

2

where ('{'j,tt'i,"'r) and G1,, 'jr,, "jr)) are tha mairices relatirg io ihe
nrst and tl)a secord prrticl€s resl,eclively, and,,r is ihe distnDoe beL\yrrn
lhcrn.

Hr:nce tbe Ilsmiliorian lor lhe bysten is sileD, irL the absrDce of
tle €xternlil ficlds, bj.

n !'.., !'.t.-v lr' i.'' \' , : lzlrt4
't J !'lri rn

l:.,P. u '',.- - D. . ju./
i1t 2.)f 2

where A,?r rre the tnomcnia ol ihc p1rticles.
This Hrlniltoriirn is cqui\'1i1e,11, to Heisenberg'". Il, niltonian (1),1.r

if 1rc takc for " PlstzwechB€lintgral "
.rl1)--g.4, (11)

52

Twr
bc deter
ihe H$l

trovi.led
Ielo.it]'.

RoL

Th.

proton I
lield shl

The

chrrged

lo lLc i
Ner

(ri) T
by XIr. T(

(c)

exc€pii that the intcractidr b.tNeen l,he ncuirorB aDil the electrosl.tic
rcpul.qion betwecrl thr protoDs rre rLot tnkerl ilto nccount. IleiseDb:rg
took the positive Fign for .4r), so ihxt the ;rpin of thc lowelt energy
state of 11' rvas O, \l}rr:rccs ir1 orlr c.lse, o$ilg to thc )x.gr,iivc sign in
froni. of g', lhe lo$'ert enerliy sillte hrs the -.piD 1, which is requiftd
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fron tlic expcrirncnt.
Two const:LDis 9 fnd r appr.rirg iD ihc abo1.c tquatious should

be deternlincd lrv cornpariron with experimeni. For ex&mple, usiDg
the llamilto),ia,, (10) for hcrvy p:rrticle,r, \ye car catculrre ihe masi
del€ct of g':ird thr pro)rabilily of scattcrirlg of a neutron by a protoD
provid€d rL,,i th. rctativr v€tooiiy is s,nal corDpared w h iL; Ijght
!elocilY tr'

Rongh .irtirrlriioD sliows ttnt ibc crlcuiated valu."q fgr€€ sith the
extcrirncntnl resulti, if *e irke tor ), the vllue bciween t0tcm 1. rnrl
10'"cli L. and for 9 a f{r,r iime"r of the elemellii|ry charge e, {tihough
r1o direci, relrtion bciwc|D 9 rrl c lr{s suggest€d ir Ure abore coriicle-

S 3. \xtur.e of thc qur[tn occ0rnJ,r,n].ilrg the fickl
TIre Lr,1leld rbovr: r:orsidcr.cd shoL,lal be qrunrized accor<ting to rhe

:r L-r I r' l,,J oi r',",1 j ,,r.n tt,.nrJ S:." rh. ,.u.roll ...1 Lt,"
proioD bl:,ih obey Fcrmi,b rhrisrics, itrc qrania accomlr|Iirg ihe Lr_
iicld Ehould obey Bo"cr'-. ttliistiG ALd the qur,ntizaiion cnn be csr ed
oui oir ihe lin€ sirnihr to thrt of Uro rteci,ronagnetic firlct.

The Lri\r. ol coDslrrllttiori of ihc ctecrdc charye demrn.ts ihat ihe
qrlirfuln should hrr,, iha chsrsc cjther +r or c. The ficld quaniiiy
Li correspordr 1o ihe o!{.r'rtor w}rir:tr iicrcases thc Dul]rbrr of negativrly
chlrged quaDiLr n)rd itecrrases rh€ mLmbrr of poBiiivelv chargert quanta
bI oue rcFt€ciilel). ir, 1vh ich is t hr corrljtex coDj ugr!t,.r oI U, cl) r, stronds
to Uro iuvcr6. op(rator.

Next, deDotirs

P'-- -it,.'!, (,ft, n':i1,+,cx At

nrc-)th,
thc wavc equaiiox for U in frec tsp:lce cllrr be 1lritterl in itre form

, lta
.t rt t' , ', ""J,- 0. ,r2

so ihxl ihr qLniltum rccompsn,\,ins ur. fiotd tras urc propcr me".s rr,.:lL.
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Assumirg 1:5x101!cm-r., \re obt.rirr fo. n1. li vatuo 2x10!times as
larsc nts the olectroD mrsi- As such '' ql]a]ll,uDr $iih t:rrge lnass flnd
positive or Degaiive chargc hlN nclrr b€eD found by the ortedmeDt,
the rbove ijreor)' seens to be on A wroDg line. \io ciD show, hovrever,
that, in 1,he ordi['ry nui]iear tmD".formation, such a qnajritlm clrn not
be cmilted iDto outcl space.

L.t us cou,.ider, for exaurtlc, ihe trilrLsition froD a neuiron state
oI energy ttl," to a proloD siate of €nergy II',., both of nlich ilclude
tbo proper encrgics. These strics crn be expressed by Uie rvave fuDctiolls

qla, E,z, t,1):11(x,y, z)e-|" \'t', vrb.,,!,,,t,-r):o
.rnd

r r(!t, y, z, t, L):0, q',(x,y,t,t, 
-1)=r(.1,u,z)e 

*,,t',

so that, oD the right h'urd sidc of lhc equr,iio,r (4), tho rcrm

-4Tlliuetari"*"tr
apl)(rars.

Puttnlg U:f(r,y,?),{", wc hore froD (a)

l^-r\'"'tt - 4t!'. \13/t \ ,,,J)

*t'".u ,:1I"- II.". IntesmtirJr ihis, Ii,tj obitlin a sotutjon

O,\ tle l;rteMct;an tl nlenentt|u Pdttitlc:. L rs

u'o:sJ 
J' J t,-![,nt(7"t1(1'1h, (1r)

i,{

wiih the

this €firc

\rilh the

tlr ' irlof the pr

This cor;

Nrx

U crtrci
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of ilrc ti
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thrn thil

'l'1,,,

l$rg,i th,

Hiil;
hcr,vt p,

(7)',1'

*t,,,,, r"-/x-?.
It I-'d "- n. ' .tV, - li . . r, i. ,n ,,L.l rr,c f,rn"Li,, J\., of

Ilcisenbdg has lhe lorm 9"1 , ir illich s, hos.ever, rlcperds oD

III:.-Il,',[, bccornirg surall(r rrd snratler as ihe laiter rtproaches
m'c'. This meanb llla| the rNngo of intcractiorl betw€eD a D.rrtron rnal
a proton iDcreasci as I ll'x- Iflr il,creoscs.

Now the sclli,iering (ctasric or n,.l,Ntic) of ^ leutron ir.,, a Ducleus
can be coDsidered as ihe resl]h ol i,lre lollownrg doublc proccrs: the
neuhon falls into ll proton levcl iI tlrc nucleus ll.d A lroion in thc
laiiter jrmps to a noutmn si:'tc of poEitjvc kiDetic.ncrgJ., th4 totri
€neryy being corservcd throughout the trocos.c. The rbove srguueni,

'h^n. 
-1.-w l,1r rh" trcb.b:lir\ .l .c ir:..j r..J L.nrn',.'-p ir,,r,ry
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ri'il,L the vrlocii)'of iho DcrLl:ron.

-{.ccorrtirg io thc .rp.rimerll ot Bonn.rl'r, th(i dollirion crors srctioD

of the neur:ron ircreaser, il facl, l1'iil1 ihc vdociiv in th€ cNts. of le!''l

\rlrrr.l1r il deo.eNsrF ilt ihe clso ol clr,rbon oird hJdrog.n, the rrte of
cle.rcrrc bL,irg slo\rcr iLt tLe lonncr ulrn ir1 tli. laili,r. Tire origilt of

ll]ii €trr(t iii rot (teNr, brtL the rbovc consideutioDB do r!)t, rji lersl,

coniradici it. l|1rr, il ihe Lirrdirrg er.ergv of i,ho lrroi.rn ilt ihe rruclcus

beeoDrs couipr lrlc $itli n,*', llre r'rDge of irterrr,clioll of iho DetliroD

lriih ihe fortrer $itt irrcf'l1lse corrsidcrllblj' f iih ihc vclocitv oI iho

r{ilrlron. so il,{i. ihe cross secliorr \iill drccase slowd iD such caso

ih l il ilrr crsc ol livdrog,:r, i e , lr.', protoir. l{os tho binding clrergv

oi tho prolorl nr {,"', \'hirti is esiiilltcd ftol]1 thc diffl]rarc{r of rn{ss€s

ol C'" urrl 8", ir
i2.00i16 11,01t0-0,11126.

TLis corrtsl,on(L hr a Lrirllirrg (tugl 0,0152 iI rrrass Luit, bsiDg thirty
l,irLs tlrc .kdron m!.s. 'lliLs ir1 tL. casc of cirbotr r'e (rD cxp'fi tha

ciTeci oi)s.nc(l t^' Borr,tr. '1'he rrrgllincrns r]rc oDlv tcniltiv., othcr

exphrr:r1ior: beirg, ol conrsc, not.xclurl.a
Nert it r.<b o irrr'.: II; iti , r becourcs purr irr:rginarl arLrt

a/ ( \|rc,.ses r sph,:,rill Lrntlrnrpet'l $'rrc, nrU,hnrs th1r,t a quanium {ith
enrrg! sr('t1rr tluu rr'c' cal b. ctrittid jD outcr sprcli bl'ihe trarlsiiior
of ill,.r hcrl']. Ilrtirlc lroDl D(\tlorr si,rt.r to troiou sirt'' lrovidod ihnt

':Il;. W.:-itt,c'.
'lli. relocit{ ol {,'rrtve is grerltt]r brrt ihe group YelocitJ is srr:rllcr

lhr,D ilir lighi 'clocitJ d, rs iD lhe cilse of ihcr (ilrclroD 11{vc-

Tlrc rtr.sor rllt' such nraslif{r qutrur, if thev cv'r cxi'gi, l1ro noi

l'.i (ljscovered may bc rLscribrd io llie frLci ih|,i the uils nLt is so

larg,r il,ri (!',ditioLl ll'-J- lti > nr.r'i. uoi {rrlfilled ir orrln1l1r\' rllrclerr

$1. ThtorJ of Bllisirteglrrtior

Iliiherto \rc hlvc corL'irh,red oLllv tht iDt.r.lciiorl of LIrlurmta wiih
h.r!) I)irtnt.s. Norv, flccor,lirrg io r)ur theor\', 1lr. qrrtltrtm emiite'l
rrhen r Lervr parlicl,, jl,nit)s frolil |, ncnirorl stlt! to l' prot["r st1'tc'

c,,n b. absorbel b-' a ligh1, prriiclc whicli $'jl] tlrr rr in corrs'quence of

elrrrgr' ib-orl)tion ris. lrorn r neulriDo stile of nrgative cDergY io rn

(i) 'I 1lr tsonrer, l'|ss Ret 45,606 (1!34)
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eLciroD sfaie of positivc cn.rgy. Thr1S nn.lnti-Deulrino rn.l au e]eciron
rle €rniiled simuliaDoon-sl"! frorn tlre rucleus. Such interve,riion of 11 mfl-

s$iv,) qusDtum do€s rot .Ikrr essettiiaU)' ihe l)robrbiliil' of /g-disi nn'groiion,
shich har bell1 colcuh,ted on ih. hypoth€sis of dilect couplins of fl

hcrvy larticlo .nd i lighi pmiiclc, jusi a"ci irl ih€ i,heory of nrt.rnrl
corrcrsion of y-ray, tlie i i€rYriion of th{i proto doet not tfTcct ihe
6nsl result.'3) O r iheqrv, thcrefore, dots rr.,t dilTer esseDtially from
Fer i's thor)'.

Fermi cousidercrl ihrt l1n olcctron aDd r lll,utrirlo ari, crnitled snnul-
tnDeously fron thc rrdiorclivo nuclcl,s, but this is lor,'elly cqLdvalerrt

to ihr issulnption that e lighi psrlicl{r ju,nps frolrr a ne,rlriro stalc of
negiiive mergr io an ctcctroD si.rte of tosiiile o1€ryy.

For, il ihe rigeDfunctiors of ihc clcciron and rhc nerirnro bN 9r,
9i resplciiroly, \vher! t l, 2,3, {, a icrtn of illc lor.1

On tlLe Interalian 4 E leltr.h.tat ! I'atti,,:l':s. L ir

(15)

L

0

0

0

nnd

5C

juml

iho
whic
ofB

tro:

timr

should be adrlcLl io ihc dghi hiu(l side of thc.quttion (5) for 4 {L.ro
9' i ,r Lar .or'orlrr si r 1\' rn. li n r '', t.

Now the eig(inlunclions of the neuidllo 't'tic ltith ererg]' nDaL

morrcDtuDr jusi opposile to ihosc of the strtc a{ js gi1'cn b\' r" -3",i,
ald converselY !o"-3,,i,', \!herc

Her

nhi

$ucl'-(;

€Iec

il)
so ttrat (15) becorles

I'roln equaiions (13)

interaciion eDergt'of

,tssl

corrt;ponding to iho

A]rd 05), M obi,]iD for th. mrtri\ rllrDcnt of tlre
the Le:rr.r pNriiolc nn(l the liglrt prrticle fln !x

(16)

J 
', ' , , ): v r e r.) , . r , . 'r:)

followiDg clouble po.iess : o lrcal1' p,uticle flllt'

(8) I1. A. TlJlor nnd N.I ltoli, I'roc itoy Soc -{, 138! 665 (1!r3j)
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from thc ncuiroD sttlio \\.ith the eigenfLllctior r(?') iDto tlre proton
staie wiiL the ejgeD{rnction r(,') aDd snnullaD€ously I light particle
jumpB from the neutrino state 9,.(t) of nesalile eDergy to th€ clectron
state 9(r') oI posiiilc crargv. In (17) 

^ 
is taken insteaal of p, since

thc difierenco of luergies of tLo neulroD skrte and the protoD stsie,
\rhich is equal io the sum oI thc upper lirnii of the en€rgy E?ecfrulrr

of P-roys ard the proper onergies of thc clactmn arld the neutrino, is
alirrys small compared with ,1.c'.

AE I is much lrrger than tire y,ave numbers of the elecirorl staie

nuJ ihp ,,.,L,riro sr.rp ,l,p t,rn., or "-- 'r. b" r g rd J epFor'r'nt'ly

a" a 5-l,r 'lin ' m,rltiflieJ b) ]ii for rhe inr'L rt;o s t;rh rF"t' cr lo

/,U,2. tttc ilclur - cornls lrorn

III#^.*
Herce (17) bFron,es

1,! lt !t' 
I I I i (t)u')Zf" xO s h(i) tt"r (1b)

or by (16)

!!sf | ! | ; c t,, t.t> ^i \r) s Nt <i ; Q ).i r, (1e)

$hich is ihc same as the expression (21) of Fermi, corresFonding to the
ordssioD of a neui no and an eleclron of tositivo en€rgy stat4 qr'(,l")

aral ,t,rr,. €IceDl rlrur rhe f$cror logd i" ,ub"riturcd for lefini s o.

Thus ihe resutt is tle Falne os thrt of Femi's theory, in this ap-

lroxirnation, if we take

t{:+', ro-,""-.. 
",g,

from which thc constant 9' can be determined. T"ki!g, for exaDple,
]":5x101' and g=2tlo', we obi,cin 9':4x10n', nlich is about 10-'
times as small as 9.

This rn€ans that the interaction bciwecn the ncutrino &nd the
el€ctron is much slr]aller tiirln that beirrecn tho ll.utroD ond the proton
so that the neutino vill be fax more pen€iratiq ihsn the Dculron $nd
coDsequently more diffic\rlt to obsuvc. The dillerence of 9 aDd 9'may
be due to the dilTerclce oI rnasses of heavl aDd light parlicles.
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The intereriior of clomcnt,lry pa.ticl.s rre described by considcriLrg

a hJpotheiicrl qu8rtun which has ihe eleDcDi+rry chrrge aDd Ure proper
rlrss end which obeys Bose's staiistics. Tho interactioD of such 

^qrantLrm wiih th€ hea\'y pcriicle lhould be far greater tlnn that $itll
the light p,rticle in order to accouni for the hrgo int€mctioD of the
neutrotr llnd thc proton fls \l'cll rL. the smail pDbabiliiy of B,disintegrR-
iion.

Such quartfl, if th.y crer exist aud nppro&ch the matter clore
enough io be absorbcd, will deliver the charge rrrrl energy to the
lati€r. If, then, thc q!.nia with n.gciive chirgc come out iD exccssr
the Drrtter I'ill be chrrged lo l Lrcgative noteniirl.

'lhe6e argurrcnts, of coursc, of merclv st€culaiive character, asree
wilh the rie1v iiut tho high speed poBitire ptirticlcs jn the cosnic flr,Jg

are gcneratcd by tho elecirosf&lic field ol tle euth, $'hich ir charged
to u Deglriilc poicntirJ.'"

The masBive qu:ulta rnxJ :Llso havc sorne bcorirlg on ilio shorrer
produc€d by cosrric Inys.

In co,,clusion the vriter wishes to e\pres! his cordiril thlrnLb to
Dr. Y. Nishira and Prof. S. itil(uchi for lhr .Dcourns€ment throusholt
the courso of ure work.

Dcp,rrlrreli of PhJsics,
Osakr Lnperial Univcriiiy.
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