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ABSTRACT

We have considered a composite field which reduces to the ficld of a plane electromagnetic
wave in the absence of an electron while it reduces to the field of an electron in the absence of
the plane wave. It is found that to the second order of approximations the two electromagnetic
fields do not interact although there exists their gravitational interaction, The gravitational
field equations are found to be consistent. In the absence of the plane wave the field equa-
tions provide a solution for the gravitational field of an electron which resembles Moffat’s solu-
tion,

1. INTRODUCTION

In a series of papers the problem of interaction between the gravita-
tional field of a mass particle and a plane polarized electromagnetic wave
was considered by Narlikar and Tiwari (19495, ¢) and Tiwari (1956, 1957) and
it was found that up to the second order of approximations the gravitational
terms of interaction appeared in the electromagnetic equations but no such
electromagnetic terms were found in the gravitational equations. It will be
interesting to enquire as to how the field of a charged particle interacts with
the field of the plane polarized wave. In the present paper we consider a
total field which up to the first order of approximations in the absence of
mass and charge turns out to be a field of uniform monochromatic radiation
given by the electric and magnetic forces

B=(0,—-40), H=00—¢. .. .. .. (1L}
expressed in a rectangular Cartesian frame. Here .
¢ =A cos 2a(x—t)A .. AU S ')

A and X being constants. The same field in the absence of the uniform
monochromatic radiation reduces to the field of a charged particle, the metric
of which in general relativity is given by the well-known Nordstrom solution
in the isotropic form

ds? = —{(1 +m/2r)2—ﬁe2/r2}2 (dx24-dy2+dz2)
+ {14 (we2—m2/d)/r2} 2 { (1 +m/2r)2 —me2fr2} "2di2,  (1.3)
in the usual notation. The field equations have been calculated on the basis
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of Einstein’s Unified Field Theory of 1953. Herein we consider the inter-
action between the fields of a charged particle and monochromatic radiation.
Up to the second order of approximations there is no electromagnetic inter-
action between the two fields although gravitational interaction between
them exists.

2. OUTLINE OF THE METHOD

We consider the non-symmetric tensor

G = 0,40, .. .. . .20
where
2m  2me?
M= =l= ATt by - (22)
for pw=1,2 3and
2 4
flgq = 1—ﬂ+li+7f14+7'44
a5 = hij, 1 ZJ, - . .. .. o (2.3)
while

ez ¢
bra = ﬁ+a, big = 95—7‘7{3 +8, b, =7,

623 = j—:;;+5’ [)24 =€, [)34 = ¢+X .. o . (24)

The line element. (1.3) satisfies the classical field equations
Ry—3}Rgyj=—8nZ; .. .. .. .. @25

in the usual notation. Here, while dealing with Einstein’s Unified Field

Theory we do not know the line element which exactly satisfies the field
equations

Ry=0. .. .. .. .. .. (28

Bar ( — ) and hook (v) below the suffixes denote the symmetrical and anti-
symmetrical parts. We have introduced in (2.2) and (2.3) the symbols £,
and k44 which account for the finite terms.

Taking the charged particle to be an electron we find that
e=o(l) and m=o0(). .. .. .. .. (27
The order of the other quantities is as follows:
¢ =o(l), hij=o(2),
% B, 8 ¢ x=02). .. .. .. .. (28
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The modification of the field of pure radiation as affected by the presence of
the electron is measured in terms of «, B8, y, ete. These six quantities are to
be determined from the field equations

[5, =0 or its equivalent v, =0 .. .. .. (29)
and
R;‘k, 2+R/‘»{J ,‘,+R1i, =0 .. .. . .. (1310)
with
a a b a b a 13 b b a 5
By =TI} ,—~I4 =T I\—T% 4T TL+T0 T @11

The comma (,) behind a suffix denotes a partial differentiation. Suffixes
preceded by a comma (,) indicate successive partial differentiation in the
corresponding order. The ten h;, correction terms to the gravitational
potentials due to the presence of the plane wave, are to be determined from
the field equations (2.6) which can be written as

Ry=Ty ~4(Th 4T ) =Ty T4 5 Ly~T5 Tyy=0. .. (212)

3. PrELIMINARY CALCULATIONS
The contravariant tensor ¢” is given by
Is sl !
9.9 =949 =908. .. .. . .. (3.1)

We obtlain up to the second order of approximations

2m  2me2 e e2p2
git = —'1+7 % r4—r—6+¢2“]"11—hll>
edr  e2xy ez
g2 = "k12+%+ r6y+r—3+ )
2

Im  2me? o2 2edy  e2y? -
r r2 —)'—i r3 - s 22 22

. ez e2yz  ex )
Y23 = —k23+;_f; - "——‘Tgé +7‘—3+8’

e
gt = h24+73- —€,

2m  2me? o2 o222 k A
’ 72 VoA e KesTles,
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Also

2 2
g=—l=—t—3 - i‘d‘ku+k22+ksa—k44+hu+h22+h33—h44,

¥
dm  Zmer o2 |
g l= —1+—:£ - —::—+f,—4 —ki1—koo—ksg+ksa—hiy—hog—hgg+ gy, (3.3)

a” are determined from (2.2) and (2.3) with the help of the equation

%#=$.” .. .. .. .. (34)
Up to the second order,

2m 2pe?
all = —t g =k —h,

2 27el
a? = ‘-1+7n—b— w: —kag—hgs,
; 2m  27me
add = —1+—_;~'—73— —kg3—hgs,
2m  dme?
ald — l+7 —_— ?— —]C44_h44y .o .. e (35)

a’”:—-h’w, 't = nd, HFEV, p,v=1,2 3,

I, and Ty, are obtained from the set of equations

g,'k3 1= skpjl-l'gispfk . . . . .. ‘e (36)

The actual calculation of Isymbols is very tedious. I and I’ have

1,

v

been determined here by a method of successive approximations (Narlikar
and Tiwari 1949a) which leads to the following:

1 ez
Py =~ (a+}—é),1 ’

v

€Y.
Ma=—4.-6.+(%) .
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¢ Jey?
= =1+ 48 )+ — o,

= - %(a’ 4+€, 1+y, 2))

i
|
(Sl
0
[»2]
-
.m
=
=<

]

I
—
™
[
~ (.0

wl*t
“\_r'
[~

it
|
Bt
—
)
-
+
=
.
+
=
o
-

—'#, 1+X' 43

1 _ {m me?
= (;),1 —3hi, 1 —4k, 1y, 1~ (72-)'1,

= (™ me? e 3eda? o2y
= (7),2— $h11, 2 —4k11, 2 — (r_z) 2+—‘ T T s
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2 2
ry= (T) —3h11,3—%2k11, 3— (1%) +3e¢y2 -2,
22 r .3 r .8

rd 78

1"}_4 = =3k, s—%k11, 4

1 m\ et -
Ta=- (?) 1 Fdhog 1 —har, 2t 3k, 1t (7{) 1+‘ o
Sedzr  edyz
Ff_:é = §lhes, 1—hg1, 2—P12,8) + i - % )
ep  3edz?
F;i = Hhos, 1—hy1, 0 —h12, 4)— %ﬁ'l" :: r

1
Ty

i

rs

3

Sedyz
Féé = $(h3g, 1—h4a1, 3—hay, 4)— ;ﬁ;y

Il

m 2me?)
FLL - <?) +3has, 1+ 300s, 1~ Py, st (—:T) )
= .1

1

r3

¥

2 m ne2 e2x
r12=(f) —%hzz,l—%kzz,l—(—z-) -
1= 1 r 1 ¥

2 _ 4 Bedaz
I'ly = $hg g—hgs 1—hoy1, 3)— )
2
Fz = l(hm 2'—h4 1—hy )— Jedz i‘_é
14 2 , 2, 1,4 76 78 ’
I.2 _ m 1% wel
s =\7) —3hos o—tkoy o— <
= /2 Ll
2 m . me2 ez
2 1 ,
r,, = (7) — oy, 3—3hgg, 3— (,—2) -
.3

2
F24 = "%kzz, 4—%k22. 4;

ré

2 02 2 Ged 2
F32,3 == (%) +3hss, 2—hge, s+ ks, o+ (%) +27 ﬁs-l— e )
= .2 2

3edz
Fi = $(hsq, s—ha2, s—hes, o) + ;ﬁ;x’

9 el
= - (7;) +£h44,2—h42,4+%k44,2+( :; ) )
=2 2 .2

e

I} =— (@) +3hy1, 3—hag, 1+%k11,~3+(7§‘) 6
, 8 '3

7

¥5

r3

75

r5

™ 2 2 6 2e2
- (7) +3hgs, 1—ha1, 3+ ks, 1+<§r67) +_e¢1y — _ﬁ_e¢xy+ -
! 1

m 2 2 Bedpz2  2e2
r=- (7) +3h11, 0= Ry, 1+%k11,2+(7;—62) - —‘ei+ﬁi+ﬂ
2 ,2

A

76 ’

2¢2z  Bedyz

2

rd
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3edrz  edyz
Ff} $(h1g, g—hog, 1—h31, 2) + ¢ +j;§1—,
3 m el 3edzy edyy e
F!é': (7> 1 —3hs3, v— ks, 1— (Tz') 1-l- —5 T 8 T 6
3e z
u= by, s—hys, 1 —h3y, )+ ¢y
. m ¢2 2e2z
F2§ = — | =) +%hoo, 3—has o+ ko 3+ 17-; +—:
el r 3 r 3 ¥
5 m o2 e  Bedx® ey
Ty = (‘) =t () 45500 -5
. ed1z  Bedxz
Fz_i = Y2y, 5—~has 2—h3a 4)— % ~ —g‘ ,
r 3 m 17, mel 1
s = (7)) —ihsys— (;g — ks, 5,
.3 .3

€

F?;: = —4has 4 —Fk33, 4+ j}—y

3 m 2778
Ir'i=-— (? +3hyy 5+ dkgg 35— sy, 4+( ) )

H .3
I'li = —%hy, a—3k1, st Py, 1
Fli = by athp 12y, 4),
Z"l; = $(hu4, s+ Pz 1—Pa1, 1),

2me

Fli = - (7—,—&) +%k44, 1+%k44, 1+ ("fz—) ’

14 r) L 301
Fg; = ()7”) — §hys g —4koy st hag o
Fé: 3oy, s+ by, o —hz, 4) 95 r

2ot
F2:=—(—?> + 3hyy, o4 Fhoas, 0+( ﬂe) )
.2

e‘f’l?/

Iy = —}hss, s+ hay, 3—bhss, 1+

2
P§;= - (?} + by, 3+%k44 3+( e ) R

F§= thas, st bk, 4. R £ X))
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The field equations themselves in which the above values of the I

symbols have to be used are (2.6), (2.9) and (2.10).

4. ELECTROMAGNETIC EQuUATIONS

The four equations (2.9) can be expressed as
a,2+ﬂ‘3—)”4 =0,
—a ]+3’3—-e’4 = 0,!
B 48 ,+X, =0,
Y e X, =0,

(1.1)

1t is possible to identify (Narlikar and Tiwari 19496) «, 8, v, etc., as follows:

It

02 , ey L ex |
‘;ﬁ"l’a:bm 4)'— 3+ﬂ= -Eys ﬁ+8=bz)
—¢—Xx=H,_, —e=H,, ~y=H,.
The equations (4.1) may be interpreted as

GurlE'-}-%Iti =0, divH =0.

The current density vector is given by
bi 1 tby, by 4
from which we get, in the familiar notation,
P=uoy4—B,+3 ,
o,=—8 +e =X,
o, =X 4B~V s
o, =7 ;=€ —a .

Up to the second order of approximations we get

Rlv2 =TtuTY 22—%(/3,2—8,1+°‘,3)3+’12(y,2"€,1+“,4)4-'
Rl‘? = "B, 11_ﬂ, 33_%(“’ 3+ﬁ’ 2+8‘ 1)2+%('}” :g—x, 1+ﬁ’ 4)4:
By =—7 7, 44—"%(“,44",1"'7’,2)2”‘%(", Y 5B )

v

szs = =3 22"'8, 33 %("“,3"'5,2"'8, 1)1+§(€,3_X, 2+5,4)4,
sz4 = —€ gte€ 44"#(_“, Y gte 1)1_‘}(8, s HX o€ 5)a
R3v4 = =X g3+ X 44_%("'5, 4+y,3+x.1)1_%(_8,4+'€, 37X 5)o

We substitute for R;, in (2.10) and obtain

Dazzoa Dcy=07 Daz=0’ DP:O’

(4.2)

(4.4)

(4.6)
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with
az 02 o2 92
D=atoptor "

(4.3) and (4.6) are the electromagnetic equations in vacuum. This shows
that up to the second order of approximations, there exists no interaction of
electromagnetic nature between field of the plane wave of monochromatic
radiation and the field of an electron at rest.

5. THE GRAVITATIONAL EQUATIONS

The ten gravitational equations (2.6) up to the second order of approxi-
mations are:

(P11, 22+ P11, 3s—P11, 48) — P12, 10— P13 131y, 1+ 0y, 22
+3k11, s3—3k11, 4a+ Shoot+has—hay), 11+ 3k hss—kay), 11

A L2 e ) () -
+(ﬂ’2),:z+(w )33 1(7‘) -%(’4) 2 %( )33+ S ,11_0’

el

312, 38— hag, 13— P31, 23) + $hay, 24+ Pg0, 15— P21, 44)— (7.;) "

+3hga—=hys), 19+ Hkaz—Fsa), ]2+(eq5y) 12—(%) . =),

o2
YB3, 0o —Pas, 12— hay, 32) =+ HE14, 34 F Py, 14 —Ps1, 44)— (%) 5

2
_}f(i_“) +2lge—hay), 13+ 2lkep—R4g), 13+(e¢y) +(-€jﬂ) =0,
.13 . .

3/,

3(P1g, 02—P42, 12=P21, a2) F $(P14, 33— Pag; 13— P31, 43)
+%(hza+hss) 14+( ¢>y) ]4+%(k22+k33).14 =0,

Hhoo, 11+ Poo, 33—hog, aa) +3(Ry1+haa—hig) 20—ho1, 21
—hgs, 23t hay, 24t koo, 114-kos, 53—Kaz, 44)

2 2 2
+ (k11 +kaz—kyy), 02+(118 ) +(:T62—) “i(e—.;)
11 re/,s3 =/, n

(), 1) (7)o

$(hos, 11— hsy, 211, 51) +3(P2y, 34+ Pus, 24— Paz, 44)
. .
4 3 (ka1 =has), 25+ k11 —Kas), 23— ("e) +(eiy)
82 , 23

r3
edz edz
(8,08,
)14 s 44
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Yoy, 11—hq1, 21— Fs, 11) +(Poy, 33—Pus, 25 —P30, 43)
)
+ My Hhag), g4t Hlkns+Kgs) 24+(—j‘3—y) +(-*’}) ~0
, 24 /, 34

$(hgs, 11 P33, 22 —has, 44) =31, 31— Fse, sa+hay, 34

+ 41+ hoo—Ryy). 33+ 3(kss, 11+kss, 22—Fka3, 44)

e2 me? e2 e?
Hntba—k st () () -(5) -i(5)
, 11 , 22 , 11 , 22

e? e¢y) . (e¢y) . (6¢y) -
—_ + (=2 -2 =2 -2 == = 0,
%(74), 33 (73 , 33 ) 1 ")

gy, 11— Pz, 31 —Pus, 41)+ HPsg, 22—hye, 50— has, 42)

+ 5k Fhgo), sat k11 +ka2), 34 =0,
3(hay, 11+ Pyy, 20t Py, 33)—hy1, a1—Pao, so—Pys, 43
2me2
+v? (72—‘)+1}(h11+7*22+h33), st bkag, 11+Kag, 22+ K4y, 33)
By FhogFhsg), 44+(9§?) =0, .. .. 6D
s 44

where
0z 92 92
2= 4+ "
Vi=sataptas
In case ¢ vanishes the interaction terms h;; are non-existent. In that
case (5.1) leads to the following solution for k,;:

2mre? e2 47e2
. .
ku_kzz'—k%—'__r?'l'%ﬁ’ k44=—72—, .. (02)
so that
Im e 2m
i — — — 17 e ] —— :
A1y == dgp = Ogg = 1 - +2 v s gy 1 ’ . . (53&»)

Thus the static field of an electron to the second order of approximation
is given by the metric

2 .
ds? = -(1+g:l” - 2%;) (dx2+dy2+dz2)+(1—— g;—”-)dtz. . (53)

This is the analogue in the Unified Field Theory of the Nordstrom solution
for the gravitational field of an electron at rest. This approximate solution
resembles that of Moffat (1956) expressed in isotropie co-ordinates in the sense
that the charge e appears in a,;, a5 and ags.
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With the help of (5.2) we find that (5.11) are reduced to

Nut (75_), " 0
st (B) (%) =0
Vst (%‘%’1)’ 13+ (e%:’/)’ s 0
Noo+ (%7331/ . =0,

. (edy e<l>y) e¢t/)
N L2 ~21 22 -2 -
\33+ ¥ » 38 (73 214 r3 s 44 0,
Ngy =0,
. edy y
2\44"*‘(—7“’3“)’44:0, .. .. . . .. - (3)4)
where
Nopp= =30 (b gy y—h, P i) - . o (5.5)
with
il = 2 = B = gt = —1 =0, £, .. .. (D.6)

To the second order of approximaftions
N '_—"Z\‘l], AN =Agz, ]\'2(;:4\33, 4‘\”=:\44.
+12 v 14 ¥ ~
N = ng, N = =N\ 14 ete. . . .. (0.7)
and

. , . 12,y -
N.—.J\r“—J\'u—Nzg—Agg:—»—;%. o (58)

We have therefore four identities, viz.
%NH'F%NH‘F(%NH" %Nu =~
%Nm'i-a%sz'l'aa-z Va2 — %N:u =%
%le‘*'gszv‘.’s‘*'a%Ngs“’aa“t Ny = —%(% N,
%N14+%Nz4+§;1\’34—%N“= —%%N. .. o (5.9

10

0 ..
5
a T
oy
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It can be verified that the identities (5.9) are satisfied by (5.1) which shows
that these equations are consistent. More will be known when these equations

are integrated.
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