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Abstract

Full Text
PHYSICS

Academician of the Academy of Sciences of the Armenian SSR A. G. IOSIF’
YAN, K. P. STANYUKOVICH, G. A. SOKOLIK

ANALYSIS OF QUASI-MAXWELLIAN EQUA-
TIONS DESCRIBING COMPENSATING
FIELDS

1. In this paper we study general quasilinear equations for an arbitrary field,
first introduced for the case of gravitation in the work of one of us (1), in the
form

N 4
rotR:sv—f—a—; div N = p; L:LGR;
ot o2
oL T
rot ET div 0; el

where the vectors R; I'; L; N fully characterize the gravitational-inertial field;
p is the density; v is the velocity of motion of the medium; G is Newton’ s grav-
itational constant. Equations of this type are naturally derived from Noether’
s theorem (277), generalized to the case of localized groups of transformations
of reference systems.

2. In this case we have:

LT = L(¢7 v,u,’(/}) + LO(Afm Az,l/)7

where L and L correspond to the dynamical and field parts of the Lagrangian,
and V, =0, — I, A, with

a‘tu
SAZ = b fa AC 1 g0, (1)
The form of the covariant derivative V, and the transformation law of the
compensating field Af, (*~°) can be obtained from the condition of covariance

of the wave equation for particles of arbitrary spin 3 with respect to the local
gauge group: 0t = e*(x)1,1, where

L) = [ 1., e® = e%(x).
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Let us formulate Noether’ s theorem for local gauge transformations.

Varying L, under the condition that

oL oL

— =V, —— =0,

o AR

0L, oL, "

0As aVaA;IW = @
where

oL oL oL
Jo = =~ L0 2+ 0 (lz)cAi =0,
ov 0AS GA;‘,’M
and, moreover,
oL oL oL

\Y =0 + A¢ I,
ARL AR "oV,
we obtain from dL; = 0 the conservation law

aLO b pc
aFﬁV ac vy (3)

0 0
9, (Jg‘ + ij) =0, Ji=
where

a a a 1 a b Ac b pc
Fi,=0,A; — 0,4} — §fbc (A#Al, — AVAM) .
The formula for the field strength A, through which
LO = cfmfbylnF;(jl/Fbmy’
is expressed, follows from the generalized condition of gradient invariance

Lo[F, ], since 6F ¢, = Ebfl‘fCFﬁl,.

From the extremum condition (2) for Af there follows the quasi-Maxwell system
of equations

0
alm bTInauFb;uy = JtlzL + Jf; (4)

In the particular case of an Abelian gauge group
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W = et @y where fi! =0, (4)

the system reduces to Maxwell’ s equations.

3. Analyzing the compensating field A% by the method given in (4), one can
show that in A% longitudinal and transverse parts are distinguished:

T L
AL = AL+ A2,
L
so that F7,(Ag) = 0. In this case F}j, for the complete A7 has the form:

Fo, = WITR Wi = (| 19| Q,),

pv nvsTY

where 27, , define a basis of the representation of the local group specified
by the generators I,.

It follows from this that, in the general case, the quasi-Maxwell equation (4)
reduces to the form:

0
L0, (TR = T+ T 5)

4. To analyze the physical meaning of the quasi-Maxwell equations, let us
separate the spatial and temporal components of the fields. To this end
we write:

oy = =& Hy —in, By,

where &, 7, correspond to spatial and temporal infinitesimal rotations. Then
H® =rot A* — f2[Ab v A,

10 1
Ea = —grad (pa _ EaAa _ Ef;,lc((ﬂbAc _ Ab()oc)~ (6)

In this case the transformations of A2 preserving (4) have the form

’ 1 9e

_ o, a_ =
14 c Ot

a

© + b feec,

AY = A® 4 grade® + ebfa A,
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where {p®; A%} = A% with ¢%, A% being generalizations of the scalar and vector
potentials, respectively.

Substituting (6) into (4), we obtain the three-dimensional notation for the field
equations:

1 a
rot BT+ *67}5 = fe{[A°V grad "] — ¥ rot A}, (7)
C

divH® = f2 {AY- H® — A°- H"} + 4% fg,, AP - [AY v AY"],

10FE“
divE“zsa—&—g“7 rot H* — —
c Ot

0
= Qo _,’_C;a7

where G§,G§, S and S§ are the spatial and temporal components of the cur-
rents J4; and J/ ). In the particular case of the local Lorentz group (3), equations
(7) take the form of equations for the gravitation tensor in orthogonal compo-
nents R, (i, k) = QT(i)QA(k:)RWTA; for this it is sufficient to substitute into (7)

the structure of the Lorentz group (3):

ik _ .k, Im i ,,lm
flm;i/k/ = G Piir + Gir s

where
Im __ 1 I . m I m
Hiir = 5 (9:97 — 909") -
Then
H?* = ot A — 8[AP v APF], (8)
19A™

Eik = —grad <pik - =

4 [P APK — AiP PR,
-y [ ©P"]

Thus we have arrived at the “second pair” of quasi-Maxwell equations for the
case of a gravitational field.

The first pair has the form:
1 9E™

rot HF — =

— Jik Jik
c Ot o

div E* = pi* + pik.
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The equations obtained, close to those published in (1), are of particular interest,
since their quasi-Maxwell character is preserved also in a strong gravitational
field, while the nonlinearity is completely contained in the current .J,.

It is also interesting to note that in the case of an arbitrary field Ay, (4) reduces
to (5), i.e. to an equation for R, (i, k) close to (8).

Thus we arrive at a unified description of fields based on quasilinear equations
of type (4).

In conclusion, let us note that the nonlinear term J",, entering into the extended
conservation law (3), can probably be used in describing gravitational waves, as
a term corresponding to an essentially strong gravitational field.

The authors express their gratitude to N. P. Konopleva, whose conversations
and ideas contributed to the writing of the present work.
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