
"'|… …

|…
|…
|…
|…
|…

|

250     240     230     220

…

|…
|…
|…
|…
|…
|…
|…
|…
|¨
|…
|…
|…
|…
|…
|…
|…
|…

210     200     190     180     170     160     150     140     130

|…
|…

|…
|…

|…
|…

|…
|…

|…
|…

|…
|…

|…
|…

120     110     100     90      80      70      60

i ----?-----
I: General Properties of Nonl-oea'l- Operators

h part I of the toapeyrn8er the same title, particular types of nonlocal fields

rret?e consitlerecl in cletail. Tn order to cope :'rith the probleni of the intera'ction

b€trr€€n nr;nlocal fiel.cls or that betrnreen a. loca]- field ernd a nonlocal field, ho"'veverl

we have to investigate more general pr"operties comnon to various types of nonlocal

operators. Ari arbitrary /{/fd1t nonlocal opera.tor A can be represented by a matrLx

(xt I A I xtJ ) vrith rouis anci co}-mns, r,..hich are characterize<l by the eigenvalues of

tnl "i,u""lrrn" op"*.tor$Pir the representa.tion in x;-space. Tn general, the ind'ividual
vt^o?+_/ t

rna.trix elenrent (xi^l lf xp)\tfnot, a pure number, but a sub-matrix with roirys and

columns, wlich are chara.cterlzecl by eigenrralues of nwnbers of parbicles in various

possible states. tn other rvorcl.s, (xt*l .Lfx[t) c"n be regarded as em ensentble of a

fam:ily of functions of xt* and x 
*n 

I or a fanily of functions A(Xr^r r*) of Xn and rr*r

.rhere

プ)ノ
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~
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ｌ
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b it is c■e♂ th就 町t曜■
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written in the integra■ form

a whole farrllY of functions

ハ(イトツトゝ`∫いジ̀人ヴ
承午′り匂つ(うめ戸りヽ

十//tD

‐lvhere kノに andぃ  are arbitrary four vectOrs,IvhiCh are indT:,:ili′lill儀.と′
This ■s equiva■ent tO the re■ atiOn

Cり IA 1lμ)ぺ~ゝ ひづ μグ A昨 ′ケD叫 こ
え夜́ チ斃り

δげ
~デ十

‐
rl■iCh, in turn, can be regarcled as the matrix repreSentation of the re■

atiOn

ハ=∫…ゝ慎づμグ月作り響「りχ%舜競粋留ヽ
ω

between the operators A, x f and P^'
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As the vectors k^ and J-* on the

lt
indepen,lent of each other, tv,io fa.ctors

they satisfy the cornrautation relation

right hand side of (L) are, in geheral,

,f Fkfrbana aYU(?/*l *" not, coromi.i-falive,-,b*

4響 0年滋 )を 物 (え 2だ1簿)珍 =匂 〔危茨4侮 :)^
Thuse (lr.) ca" be lrit+".en al-ternative)y in the form
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Or

ハニ

″

ゝ
…Vグ似仲 '離み～グ 岬「 夕

″物 )・θイ
`ガ

Z″佐 )

い軍
滅グ ι
滅1島
り
午 ノ
νD"喘)びメヶ

ハ
ィチぃ/し|)′
れ
P「 4人
つψD

山ere ハ
/  md 
ハ
リ

sil,Ple re■ atiOns

ハ7争,ケ)二 月

陽К∵rilt/ァ、°T.諄肝ルηハ
′争力)1/可飾みン

ιΨ“枡`
ノ/)|ィげ鰊|ル ヽ   ▲t/ノ ″  n

(1′

1/し

、ノメ〕
'〔

し
"r04ハ
ちク1)ノ ハ

t7争
′みヽ)=πゆイJ“ )
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ulld pp are noneonrnntative operators. nre Fourier tralsforrn

N't4rlrl)or r is an ensenbl-e of operators characterized

NQ 「́ there c・re var■ ous types of operatoFS anOng the non■ oca■ operators ■n the nost

genera■ sense e  Among others, the fo■ ■Ov′ing three c■asses of Operators are of particu■ ar

interest in cOnnection■ 注th the formu■ation of the prob■ em of intoraction betⅥ Fen

non■Oca■ fields.  The first c■ ass of 9poratOrs cons■ sts of those which are re■ativistica■ ■y

invariant an(l are independent of the fie■ d quantities.  11bre precise■ y, an "eratOr A

belongs to the first class, if the 」S4。lving bノ√o cOnditions are satisfied:
(1) il[.1llyf             itti藤

lgttlfri:lilnle            I°
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戸竿夕(Or β篠みンOr
け red Paraneters kだ 艶d]だ :
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(ii) Each matrix elementi lt'nich is lry i'r,self a subrnatrjx w'itb roTrs and colurmrs

char:.cterized iry the nrunirer of particl-es in

/ //lt'A/{/ the rurit subnatrix multiplied by

The conclLtion (i) imirlies that (+l'tlxit) = A(X6r

various Possible states, must be

a certain function of x! and xf '
rlr) must be an invariant' f/ function

(9)

(■0)

°
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*i : Of'Q.ur !ru)
of the upr""_t:_.f," up"**tJrs.'Trre concrition (ii) irnpries further r,hat tiris funetion

A(10 is“ °rこnary comr・■eX fl・nCtiOn Ofゝξtttiphed by the mit Submatrix.

The secつ nd antl l■ Ore genara■  C■ ass Of OperatorS, in、
ね iCh the ODeratOrS Of the

first c■ ass are a■ ■ inc■uded, COnsi_stS Of thOSe TJhich sati:IIhthe conditi°
n (.)f.:I:

lil)L Tll■ n°n■。ごa■ rie・主∞
erよ°rシ
…do not necesSari■ぅ′ Satis,y the conQ■

tiOn (

響 嶼
瞑 財 癬 感 郵 壼 竜

「

髭 」
ザ 1 6m be reg蟹

“

d

一 ^^“ ´■
“

人  ,

蒜 e           ng tO tlle SecOnrl C■
asS。

IIIげ:1:1:1::~1le scal               憲
→←
, V潰1・ ch are tlefined by (lz; t and (3tr) ;v*?*'ll

the inl:onogeneotls Iorentz transformatiori
respectively, become invariant 'ri'bir respect to

' -t' I \ ana ttt(|' rf) a:'e transfonned
(ro), if rve assrlne that the operators tr(?r T) "rLv 

s \tft Tt 
->t t D, /,r r

"#?t]!'p = er,,t Filyl,ry " P<rtP, *n(*:,Ir)=

Thisgivesrisetorrcch.arrgeintlrefor-nofeorunrrtationre].ations
(4), (メ ), (■2)

h Pttt ll 里■
“

the ft・mdanenta■ /摩〃 /φμ ]・alVS fOr

in(leed invariant vdth FeSpeCt tO the 
■110■e group Of

aS it ShOl■■a bel Fttrulen.ore, the OPeratOr suCh as

nl■■ibOr Of e■enentary partic]´
es in the 〔蓼 antull State

n硼わ ers L,1.,・ ,iS invariant i_n ule s錮
lo senSe●

(■].)

and (37)

the non■oca■ fie■d are

■nhomOgeneOus LOrentz transfO■
llatiOns

n(L, ■,■ ),つたこCh r"resentS the
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ifoli, eiry operator A of the .ilrst class can be lr-ritten in l;he fonn

o,l At?) = 5 \ utp"FLlpT d'/ ltIT)o:r 
A = \ '\ra lrD' E $lD e"'r6 trY6) 

'

r",'here E( &tf) ls a certa-in frurction of !-^!.fシ
ぃえ′ノ ■S a アイ√盟°ne(. i.{ore preeise.l.y, F i-s a. ruiit

subnatrix mu1-tlpliect by a .niner:ical. flr.n,,:tj-ort of lnL/. Tr, lavfi-er.t1ar, if F has the forrrit'
FUraP = "[s QMry

(■2)
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1tw-[--t, h \"natrlx nrltilri!.eri by a certain n'rnbr:/. ,\moirg more general. tyltes of

bhe q:er.ator of tiie fi:'s'i; cl-ass, ii€ eao discrirninate tlie spaee-Iike d:i-sirlacetnent

r:.oerator"s frorn the t,irne-liiee disirlacenei'rt operators. The former oan be ln'itten in the
( dt)-.1'61rrr J:rr'; , ^ ^4 z rz\ rr lr nA r2\ ^ ,, , . r|r4t- r..l

A yS \taff ^(x) 
6(trtl-,r"J h?titf yrlrS (15)

i,,,'hete A(lt) is an arjri'r,rdrX,- funeti,on of Al Su.cir an oplera.tor A as gi-ren bry (15)

hasrin$fl generalrnatr:ix eienrents (9"t,l,txp), .vhieh a-r'e different fron zero only for

tllo,se va^lues ,ft";; saiisfying tlie conciiti.cn

r

with the na$ri.r ele.inents r .rrhi-eh a.re clifferent from zero

eoncli.tion
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general as

on■y for,xt,秀
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llory tv.: see

space-1ike

A

th」(`なlbitran-1::llsril(lie first c.aSS A call be deconl)OSed int0 1le(・

3)

operator ant‐ l the tillle… 1.ike operator as fo■ ■Ⅲl慮 :

,Lt,,"f^(A) r( lr|-A ) t/11 (iP'tYYt*) (■9) で

′ だ
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the most general nonlocal- scalar fiel-d can be .nritten in bhe .fornr

(20)

which can be considered as a sLrperposition of irreducible fields.
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