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cened,the“ COunter― terms■ inヽ に)|
[Fi″ ]・,… [39]'S are found not to con―
tribute to divcrgehce.

NVe are very nluch obliged to Prof. S.

Tonlonaga and Dr.T.DIiyazima for their

kind interest taken in our work and for

their valuable discussions.           :′

(1)Z.Kol)a and G.Takcda, Prog. TIlcor.
i Phys.6(1948),98.
(2)Z.Koba and G.Takeda, Prog.TllcOr.
‐Phys.in Press. cn alsO T.Tati and S.
Tomonaga, ibid. in press.

Reciprocity in Generalized

Field Theory.

H.Yukawa

物
SをθS ttηα琵

"“
溺,拘 冴ο助 2をυθも甕y.

).         l■Ilay 31, 1948.

Tne present author attenlpted recently

to pxtend the neld concept by discar(ling

the restriction that the nel(l quantitiё s

、vere functiOns OF tillle and space coOrdi―

nates alone。 (1)(2)ThuS 、ve obtained the
operator  cquations  fOr the generalized

e19Ctrollnagnetic potentials ノ4ッ in vacuunl

[Pμ ,[Pμ ,_4レ]]=Q    ,(1)
、:hich  guarante6(l  thc cOnservation of

cnergy and n10mentunl for the prOcesses

involving the enlissiOn Or absorption of

phOtOns.

No、v that thc pOtentials .4ン (lepend not

only On tinle and spacc c00r(linates tμ
,

but atSO on energソ ーnlomentinl c。Ordillates

P,, the cquatiOns(1)are nOt suFflcient
for charactcrizing the flclct in Vaccuuin.

In Other 、:。rds, 、,c nee(l lilrther cOnl―

Wtt°lar智 鳳 :lォ cttn批
with One another in the Ordinaly neld

theO】ッ.  111 0■ (lcr tO nnd apprOpriate rela―

t101ls rCcoursc nlust be h■(l tO the ミlell_
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established fact that the electroma.Jnetic
actions propagate fvith the velocity c in
vacuum, Namely, trvo chaleed particles
at n'orld points r*' anrl r*" respectively

interact electromagnetically rvith each

other, only rvher-r the condition

(r*' -r*") (r,'*-:v"*7 :Q (21

is satisfied, so that \\'e nla), assume thl
matrix elements

(t:*'l Au j tn" ) (3)

for the electromagnetic potentials tti be

zero unless the condition (2) holds. 'I'his

can in turn be expresseci bJ' the ()perator

equations

lup, lnq, rlr]]:0. (4)

These ecluations are nothing but those

rvhich can be obtailrecl {iorn (1) 1.1' re-

placins pw by sp. We find here a re-

narkable syrnmetry of physical las's rvith

respect to spece-time 'ancl energy-urotnen-

tunr, as fir'st noticetl by Born under thc i

name " reciProcitY ".(:t)

In the case of the meson fielt1 the

equations (1) should be replacecl, for in-

stance, bY

hr*, lpv, A,]l: - p2c2 A", (5)

rvhere r{, notr' <lenote the potentials Ibr

the vector meson fielcl rvith the rest mass

/t. As the nresonic actions propagate

rvith the velocity less than c, the condi-

tion (2) should be rePlacetl trY

(r*'-**t') 7i'*-r'"9< A (9)

Thus, in orcler to generalize tne equations

(4) so as to incluclc the me';on field, it
seelns lleccssary to consider the flve di-

nensionai space (c", !,.J1, r,2, xls, oo) rvith

thc liire element

tI#: -th:n2 *dtre +d;ut2
-d,zrz +dnoz (7)

20S

The equations(1)an(1(4)retain their

forms,ir we e、 end tlle sulllmatiOn with

respect to tlle su嘔 、μ to tlle n“hc∞r_
dinates P4 and el respectively and assume`

lol ν==0,1,2,3 the additional conditions

[P.[Pl,∠ン]]=μ
2θ 2五ン.   (8)

Especially,when μ=O and

[π4,[C4,И :コ=0,    (9)
the eqヽations reduce to those for the

ge ntrdized electromagnetic neld.

Thus, the further deve16pment of the

Letters to tlee Edtor

genelalized field theory may rvell be guicled
by the concept of " reciprocit-y ". .Detail-
ed accounts rvill be given in later issue
o[ this journal.(r)

(1) Yukawa, Prog. Theor. Phys. 2 (1947),209.
Part II of this paper will appear.in the
seme journal,

(2) Another way of generalization by consi-
dering 5-dimentional space was proposed
by Snyder, Phys. Rev. 7l (lgfl),38; 7Z
(1947), 63.

(3) Born, Pro:. Roy. So:. A 165 (1938), 291.
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