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A Note on Equations for the Meson

By Hideo Yamamoto

(Received January 26, 1940)

In a previous paper' I demonstrated how I arrived at generalized
cquations for the Dirac electron by means of the usual tensor calculus
which is familiar to us in the relativity theory of gravitation. Since
there no spin matrix can be introduced in the tensor formulations as
is done for the spinor ones, it seems difficult to describe the spinning
electron by the tensor formulations. I have, however, further shown?
that the spin momentum can be introduced in the tensor formulations
as a certain operator which can be applied to vectors of the wave-field,
and I have drawn the conclusion that spinor formulations are not
necessarily needed to describe the spinning electron.

One of the advantages of the tensor formulations is that the formu-
lations enable us to make geometrical considerations for the wave-fields
of the electron without use of any auxiliary spaces: in the previous
papert I developed a scheme for a world geometory to describe the
physical world which consists of Space; time, and electron.

In this note I shall briefly describe a method of obtaining a tensor
formulation of the so-called U-field of Yukawa’s theory®.by means of
the tensor calculation which I used in the previous papers, and shall
show a possible scheme. of unifying the representations of the Dirac
and Yukawa theories. .

Let us consider the second order wave equation of Schrédinger’s
type with respect to a vector ¢* and a tensor of the second rank ¢*;
namely , : '

3 3
(=as ) gn)=e ()
I showed in the previous paper' that these second order equations
might be obtained by combining a system of the first order equations
such as '
B o | (2)
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where /g is generally defined by

1
]oy.M: ganglv"*'go)‘ng ~ ZovSux +Ec'f.;w) ( 3 )
2

Zov : metrical tensor
Loy o unit antisymmetrical tensor of the fourth rank,
or: =73/ — g eamu(e stands for the determinant of g5, and
€y is the coefficient of the determinent.)
‘ Vs: Riemannian covariant differentiation.
Since the equations of (1) are special-relativistic ones, we have to con-
sider the case when the values of g,, are given by
-1 .
I showed in the previous paper® that in the ‘case of special relativity
the system of equations (2) is equivalent to the equation of the Dirac
electron.
As FEgy is a purely imaginary quantity, the tensor /gn, may be
considered as a kind of complex quantity, and we may introduce its
conjugate by

\Zmlv =

I

- (gaxg)\v—}—gc}\gm _gavé’x)"—-on)‘v)o - ( 3/)

Using this conjugate tensor, we may consider the following system of
equations : ' S
- ‘/—?TMVUXM'FZ;UX%:O, } , ( 7,)
j?_;)‘vvcxz_}_z'#zmz o, ) -
which cdn ‘also be reduced to the szcond order equations of the form
(1). Thus, we have in general two systems of the first order equations
which may correspond to the second order wave equations of the form (1).
On the other hand, in separating a real number g°, we may. intro-
duce a pair of complex conjugate numbers x and %, so that
=i .
If we use this separation, it may also bz possible to separate the first
order equations into the following systems :
VP i =0 } (1)
]?;;MVGSIJV'“}' 2.25./1”: o .
and A : s
J2Ney oy =o0 } o (4)
TSN i =o )
Now, let z, and #, be respectively ths real and the imaginary part
of %, so that
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2=, -+ 1%,
If we put »=o and x=pg the equations (4) becomes (2), and the
equations (4’) can be identified with the conjugate equations of (4) by
the relations
','7.: ?'77.’ S7)-}\v:; — Z'X}‘V
772¢

We may, therefore, 1dent1fy #, with of the Dirac clectron.

7
We shall next show the possibility of identifying x, with ————m_“_(’
. . Z
of the so-called meson.
TLet us suppose x=o0. Wae have then the possibility of putting
¢ =y as follows:
We write ¢*=y"=U"
¢Av+x)\v__]~7w’
¢)v_xkvE va.
Then we can reduce the equations (4) and (4') to the following forms :
SV U+ 2V Uyy=nrf,,,
BN U= 153,

ViFM+x,U=o0. (3)
Furthermore we assume V,{/°®=0, namely, the divergence of vector U°
vanishes. Then the first equation of (5) means that A, is a rotation
(four-dimensional) of the vector U, and the second equation of (3)
means that 7, is the dual tensor of A,.

Iet us now use the usual vector notation :

—

(FY, o N =T (g Ty o) = G
—

(T, T4 U)=0U, U=U,

Then, the equations (5) can be written in the forms:
_)

— — —_—

297 ot G—2U=0, div A+uU=o,

C dt

I Z — - -
— ———F g+ =0, rot U—xG=o,

c 4

e - — ) [/
—(‘:— af +rot F=o, divG=o, ‘C 20 4 gty U=o.
These are the equations of the so-called U-field proposed by Yukawa®.

712, C

7%

‘We may thus arrive at the possibility of identifying » with of

the meson.
If we introduce the electro-magnetic field in the usual way, namely
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by substituting (dp,—kz'——%gau) for 9, in the equations of (4) and (4), we
i

may establish some connection between the fields ¢ and .

In conclusion 1T wish to express my cordial thanks to Professor
Niels Bohr through whose kindness I was given the opportunity of
discussing this problem with prominent physicists of the University of
Copenhagen.

Sept. 27th. 1930.





