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In Riemannian space, for spinors the covariant derivative is defined in the form

(),=V,=0,— A}l (1)

pnrar

where I, is an infinitesimal operator that defines the algebra of the group cor-
responding to the given field Aj.

This definition makes it possible to write the momentum operator, applying it
to spinor functions, in the form

—p, = ihV, = ih(d, — ALL,).
Let us now write the Dirac equation in covariant form (1)

LFO, b + ki = 0. (2)

Here L* is the “spin” of the particle; L* = L¥el;; k = mc/h. Equation (2) is
covariant (invariant) with respect to the group of transformations

W = explel, L]

In the case of the Lorentz group

Vu = au - %MikAu(i,k)’ (3)

where M, is the generator of the Lorentz group, and

[Miijl] = fzj;szpm
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where f};° ; is the structural constant of the group.

The Ricci coefficients of parallel transport are expressed through the tetrads as
follows:

T _ A
Btk = €y Vs, Where Vyer) =0 eqq) — ey,

In this case the parallel transport of a vector &, if it is written in the orthonormal
frame, will have the form

08 = Ay 1 Epont.

The transport of any arbitrary quantity ¢; will have the form

6¢‘7 = %Ap(z,k)szksws(sn#

In the case of the spinor representation of the Lorentz group

M, = %[%Vk] = Sik-

In this case the Dirac equation in curvilinear coordinates takes the form (1)

) 1
v'ey (8u - 1[%71@]Au(i,k>) Y+ k=0, (4)

n _ By 1 _ _
where ¢/ €l = 0, e€5el =g, 5[%%] = s; = M.

For a more explicit allowance for the gravitational field, let us square the Dirac
equation, analogously to how this is done to allow for the electromagnetic field

(*):
VY (D) = 580D iin)) (0 — 388,50 )0 =

= (g = sV, V0 = gV, V 0 — L,V e = . (5)
Since
ik 1

[’YH’YV]Jr = 29uyv st =s €; 6%, [V/J‘VV} = MikR;u/(i,k)v

we shall have

QW[(QL - %Sikvu(i,k))(ﬁv - %Sﬂvu(ﬂ))]iﬁ*
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—1eepY VY Ryt = K2, (6)

where R, ; ;) is the curvature tensor in frames in orthogonal coordinates; it is
expressed in terms of the general Ricci curvature tensor R,Tw)\ in the following
way:

Ry = €jeLRy,z (7)

Since it is sufficient for us to make only an estimate of the influence of the
gravitational field on the spin of the particle (and, moreover, a very small one,
without being interested in still smaller details), we shall write

1 e VPV R = AFRy = R

where A% is some dimensionless tensor; R* is a quantity proportional to the
scalar curvature R* = aR.

Let us now rewrite equation (6) in the form

(9""Puby, +mPc? + 2R ) = 0. (8)

It is obvious that

P, = —ih(0, — %si’“AH<i7k)). 9)

We shall now clarify the meaning of the correction A2R* = Am?2c?, where A is
some dimensionless scalar, and estimate the value of A. In the case of interaction
with its own field we shall have:

R* = —axT = 87Gap/c?,

where p is the density of matter producing the gravitational field; hence

ah?8wGp _h @ 8raprd

2

A= m2c¢t 12 3 m2ery’
0 0

(10)

where 1 is the characteristic radius of elementary particles, 7, ~ 10713 cm. The
quantity AG/c® = r3, where r4 ~ 10732 cm is the characteristic magnitude of
the metric fluctuation of the gravitational field. Let us denote the quantity

p 1G :h<rq’>2:hg (11)

2.3
o€ To
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and call i, the “Planck constant” for gravitational interactions (34).

Thus, h, = ho,/0,, where o, and o, are the cross sections for gravitational and
strong interactions, respectively. Further, since 4 / 37rp7“g =m, =m,

then we shall have

A =6ah,/mery =~ h,/h=0,/0, = (rg/ry)* =101

In the more general case, if the “radius” of curvature r* # ry, A = ror3 /r*3. If
the effective “radius” of curvature is taken to be r* = r4 = 10733 cm (5), then
A=ry/re = 10%.

Since m?c? + h2R* = m?c?(1 + A) = m3c?, where m,, is the mass “reduced” in
the gravitational field, then

my=mvV1+A=my/l1+0,/0, (12)

In an external field (in the field of the Metagalaxy) R* = 12a/a?, where a
is the radius of curvature of the Metagalaxy; A = 12aM0rghg/mzca3; since
M,/a? ~m/rZ, we have

Here M, ~ 10%%m is the mass of the Metagalaxy. Since the quantity a varies
with time, a ~ t, it follows that R* ~ ¢t~2, and the quantity A also decreases
with time. Thus, the interaction of particles, or, more precisely, the interaction
of particle spin, changes (decreases) with time.

The expression m?c?+h2R* in the case of an external field can also be written in
the form £2(1/r§ + const/a?); here it is evident that the quantities hc/ry = E,,
hefa ~ E, = Eyro/a ~ E, - 10740 characterize, respectively, the energy of the

nucleon and of the graviton.

In investigating such small energy corrections and distances of order 7,-10720 =
10732 cm, there is, of course, no complete certainty that the Dirac equation is
applicable to such situations. But the fact that these small corrections lead to
effects of the gravitational field that are correct in order of magnitude indicates
the applicability of the Dirac equation in a gravitational field.

In conclusion the author expresses deep gratitude to L. I. Sedov and G. A.
Sokolik for discussing the paper.
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