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Dear Mr, Bryans:

Recently I heard from you that my paper "Quantun Theory of Nonlocal Fields.
Part I« Free Melds" were scheduled to sppear in Jan, 1 (1950) issue of the Physical
Reviews After I had sent the manuseript to the editor, I noticed that some short
additional remarks were indispenssble, I am very sorry to trouble you on this matter,
but I shall be very happy if you would be kind enough to attateh the enclosed
additional remarks at the end of the above paper befove the gelley proof will be
prepared; because itwiﬁbavwmmbothformmﬂformmchangaﬂm
galley proof afterwards, Your cooperation will be highly apprecisted.

Sincerely yours,

H idekl Y ukawa
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Remarks on Nonlocal Spinor Field
ation (55) with vespect to improper Lerentz

The problem of invariance of the rel
onents to the spinor field.

transformation can be solved without introducing extra comp
tage of the antisymetric tensor of the fourth rank with the
-1 according as (k,)\,/b\)y ) are even or odd
Further we take into account the

Namely, we take advan
components €1<)\/w8 which are +1 or
permutations of (1, 2, 35 L) and O otherwise.

relations : . K ’ 5 X/W -
e R i
where ( X, )\,/A 301) are even permutations of (1, 2, 3, i) Then'i) can be wri
in the form /k ] : )\ . -
1 Yy t £ =0, 9
3 % v K)‘/‘”’ e o y

which is obviously invariant with respect $o the whole group of Lorentz transformation.

d more explicitly by associating a 1inear transformation
(80)

The invariance can be prove

iy o

four .
s
with each of the lorentz transformation (70) , where S is a matrix withYrows and co.

satisfying the relations

D///\% = Q/A&V?, 5 2 = = -+ (81)

Tt should be noticed, however, that the relation (79) is a unification of

the relations (55) and (67) rather than the simple reproduction of (55), because (79)

must be identified with (67) in the ceordinate system, which is connected with the

original coordinate system by an improper lorentz transformation with the dete

yminant ~1.
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Ietter to the Editer of Physical Review

Remarks on Nonlogal Spinor Field

H 4delcd. Yukewa
Columbia University, Wew York, New York
(1)
In a recent letter to the editor, it was shown that quantized nonlocal fields
could be so constructed as to represent assemblies of particles with the defiz_aitse nass
@ - Loin
and radius. In a paper,; which will sppear very soon, detalled accounte together
with the eluecidation of most of the points, on which the author was not very sure when
(1
he wrote the gbove letier. H:ewsver, there is still one point, which seems to the
author to be unsatisfactory. Namely, in the case of nonlocal spinor fleld; we assumed
the commutation relation
rssf.,[xl’: NI F AR =0 (1)
between the sf;aca-time Gpel’a"bﬁ? xM and the nonlocal spinor operator ‘\‘Jg in addition to
the commutation relation
e, (2)
between \\} and the space~time displacement operators P Further, we assumed that
xf“ (5 r s fvhich were matrices with four rows and columns, were defined by
. s .
A.?l 722"?2_5} P = A e ) " = O :
- SR (3)
gm~ 433@',, o= C:0a, Po= €503, 04 Pa
Yow the difficulty was that, in contrast to (2), the relation (1) was not invariant
with respect to the improper Lorentz transformation with the determinant -1, but was o
change itself into the form

gar(:xf;xyj~7\y =0 (1)
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U S
In the paper mentioned W:)a way of removing this difficulty was indieaﬁd, but was
very unsetisfachory in that the mmber of eomponents of the spinor | w%mased
from li to 8 without any immediate physical interpretation for the extra degree of freedom.
It came to the author's notice very recently that the following alternative way wes far
more aceeptable in that no extra components of the spinor was introduced. Namely, we
take advantage of the antisymmetrie temsor of the fourth rank with the components €., Vs
vhich are £ +1 or -1 according as (X A, M,V ) are even or odd permutations of (1,2,3,4)

(3)
and O otherwise. Further we take into account the relations

CS’&V = X”b’)‘X/‘ (5)
where (X, }\,/"\, V ) are even permutations of (1,2,3,4). Then (1) can be written in
the form

J—Z xz\/mvbr X ?f/A[)L \V]f"‘)\\‘\) 5 (6)

6 xApy

which is obviously invariant with respect to the whole group of lorentz transformations.
H owever, the invariance of (6) ean be proved more explicitly by transforming P, while
the matrices Y/ ave assumed to retain their prescibed forms as defined by (3) independent
of the coordinate system. Namely, we ean associate a linear transformetion

= e (7)
with each of the lorentz transformation

’)(/IA- % a'/w-v Ly, (8)
where 5 is a matrix with four rows and columms satisfying the relations

eSS Q) v/ (9)

If we insert (7), (8) and (9) in (6) and take advantage of the fact that E,(A/M, are

: W o
nents of a tensor of the fourth rank,”the commubation relation
Ky A Y ’ S i
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which has the same form as (6).
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It should be noticed, however, that the relation (6) is to be regarded as a

w
o

unification of (1) and (L) rather than the mere reproduction of (1), because (6)
migt be identified with (L) in the coordinste system, which is connected with the

3 3
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original coordinate system by an improper lorents ‘transformation with the determinent =1

1

(1) Hex Yukewa, Phys. Rev. 76, 300 (1949).

(2) H. Yukewa, Phys. Rev. TT, Jan. 1 (1950).

(3) The antisymmetric tensoy € xapmy Was useful for unifying the scalar and pseudoscalar
fields as well as the vector and the pseudovector fields as shown by M, Schoenberg,
Phys. Rev. @, }468 (19141)0
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