ELECTROMAGNETIC TENSOR FIELD, NIJENHUIS TENSOR (111)

R. 8. Misara and G. P. POXHARIYAL

¥n this paper we have determined the conditions for satisfying the identitics in NuennUIS tensor,
with respect to the clectramagnetic tensor field in & four dimensional space-time.

1. Introduction. The electromagnetic field f is said to be of the first class if Kk 5= 0, and
the relation

(1.0) ) MX+2K X+ kX=0
is the characteristic equation for the first class,

There are 64 independent N’s whose values contain the Lie brackets, K, & and the terms
of the type (N.X ((*) ¥.K). We could only obtain the identities in the N’s which contain either the Lie
brackets or the terms of the type (1Y . K) {9).X, which is obvious because we have only one re-
lationship between K and k. This induces us to find another relationship between K and % such
that we may obtain the required identities (i. e. identities free from Lie brackets and the terms
of the type (VY. K) ).X), To obtain such conditions we let the right hand side of the obtained
identities be equal to zero so that we have a system of equations. Finally these eqguations yield
some conditions,

In recent papers [ '], [, the following identities in N’s for the first class have been obtained :

ANOX, (DY) + ONOY, OF) + ONOX, (1Y) —k [OIN (X, (OY)
+ ONY, )+ N (X, OF) + N (DX, (YY)
{1.1) = 2K O[OY, Y] — 2Kk AOX, Y] - 2K ([NX, (VF¥] + 2K O[(BX, (OY]
ok [CLY, (YY]—4KH) [, (Y] — 2Kk OX, OF¥] — kMY, (Y]
—EOHAXY, Y] — 2O, Y]

(IN(DX, OF)+ ONIHY, (IT) + NG, (DY) + BNEIY, YY) + ONBY, (OY)

— k{N(X, OY) + NOX, ¥} 4+ ONOK, OF) + 2K {(IN (X, (BY) + CN (X OF)
(1.2) = — 4K O[O, (VY] — 2K (O[OX | Y] - O[OX, (BF¥] & BO[O), (VY]

— BBLX, (Y] — O, Y] — 2Kk {OV[®X, Y] + O, BY]

— kX, OF] £ OOX, Y]+ & ONX, Y]+ O0X, (VF] — [(OX, OF]— (X, (OF])

N{OX, ¥y + CINY, V) + CONEIX, Y) + (INEDX, Y) + 2K {N{DX, ¥) + (OIN(X, 7))
(1.3)
=Y, Ky + 2 (O, £Y00X — (Y Wx + (VY , b X

N, OOX) + 2k {N(X, MY+ (INX, YH + ONW, ) + ONX, OF) + (ON(X, (OY)
= 2X, KYMY 4 (X, ) Y — 2()X , )OO Y — (X, b)Y
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(NOX, ¥) + 2K ONOX, Y + ON (@@, Y) + ONOX, ¥)—k N(X, Y)
(1.5)
= 2AOY, K)OX + 4K(¥, K)— (¥, D} OX + (OF, ) OX + 2% (V,E) X
ONOX, V) + ONOX, ¥)—k (NOX, ¥) + ONK, 7))

= (4K (Y, K)— (Y, )} OX + [(OF, k —4K(@VY, K)) DX + 2k (¥, K) DX — 2k (VY K)X

GIN(OVX, ¥) + 2K ON (X, ¥) 4 2K ON(OX, ¥) + @K — k) OON (X, T)
(L7 —k{2EN(X,Y) + ON(X, ¥) + N(X, ¥)}
= (DY, k) X + 2 (¥, K) OX + 2{K VY, k) — k ((OOF, K)} (DX, + k(X. k)

KON, V) 4+ ON(OX, )} + Kk {(UNX, ) + N((OX, Y))
(1.8) + E{GBNCYY, Y)Y+ ONX, Y)Y+ N (DX, ¥) 4+ ONOX, 1)
= [4K* (Y, K)—K(Y, K)— 2(Y, K)] WX + k 2K(Y, K)— (Y, )1 (VX
F [K@VY, k) — 4K (Y, K) - 2k(0Y, K)ICXY - k[(DY, & — 2K {("VY, K}1X.
2. We sec that the identitics contain ecither the Lie brackets or the terms of the type
(X, k) Y, Further we note that K and & both occur in the right hand side of the above identi-
ties, This is obvious, since we have only one relationship (1.0) between K and & via X for first

class. Thus with only one relationship between K and & we can’t get the identities in N's for
first class which are free from Lie brackets as well as of the terms of the type ((OX, k) (Y,

As in the case of second class, we have a relationship which only involves K, viz.
®X + 2K X =0, it was possible to obtain identities in the N's which are free from Lig
brackets as well as the terms of the type (DX, KX9Y,

Thus to obtain the relationship between K and & via X which will make the identities
N’s free from Lie brackets as well as the terms of the type (NX . KX9 ¥, we put the right hand
side of the obtained identities eqgual to zero and get a system of equations that will finally yield
the required conditions.

Considering the equations (1.3} and (1.4), we at once see that the required condition is :
2.0) WD XY .K)+OX({Y, k=0,
Similarly for equations (1.1} and (1.2)

KEH) [(BX, (OF] + kO [(OX, OF] = 0,
@1 2K [G+DY  OF] - kO [(OX, O¥] = 0,
2K [X, G+DY] 1+ kO [(OX, (OFY] — 0,

these make the right hand side of (1.1), (1.2), (1.3) and (1.4) zero. Putting (2.0) and (2.1)
together we can say that :

«If we replace - k by 2K and apply the /~ operation twice either on Lie brackets or on
X or on Y such that the total number of f~ operations on these does not exceed three then the
right hand side of (1.1) - (1.4) is equal to zero and we get the identities in N's which are free
from Lie brackets as well as the terms of the type (NX.K) ()Y »n.
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Putting the right hand side of the equations (1,5), (1.6), (1.7) and (1.8) equal to zero, we get ;
2.2) 2OTK)OX + {AK(Y.K)— YA X + ((YOOX + 2k (Y K)X =0,
(2.3)  [@K(YK)— Yk OX -+ {ON(F.k) — 4K Y.K)) DX 4 2 VAKX — 26V Y.K)X =0,
@24 VYR OX + 2 {Y.KYOX + 2 {K(('i Yk — KOY,K} X + (Y.X =0,

(2.5) (4K (¥.K)— K(Y.K)— 2(Y.K)} X + [K(OVVk) — 4K* (DY.K) + 2k ((DY.K)} (OX
4k RE(Y.K)— YAy OOX + £ {(OY k) — 2K (VY. KD X =0,

The condition that these four equations be consistent is given by the following equation :

HMY.K) AK(Y.K)— Yk MYk W(YK)
A(Y.K)— Yk (VYk — 4KV Y.K) W(Y.K) — — 2U(IY.K)
2.6) Y.k vy OTE MYk |=0
L AY.K)
AKXY.K)  KOYE) + 2K(OY.K) 2KI(Y.K) Y k)
| —K(Y.K)2k(Y.K) 4K (VY. K) — MYk —2KKOIYK)

3. Discussion. The equation (2.6) gives the required condition for the identities (1.5) -
(1.8) to be free from the Lie brackets as well as the terms of the type ((MX.K)}¥*)¥, We notice
that there can be in all 24 such conditions which we shall not mention here for want of space.
Also the equation (2.0) can take six different values.
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OZET

Bu araghrmada dért boyutlu uzay-zaman kontineumundaki elektromanyetik tensdr alanmina
gire Noennuis tensriiniin bz dzdeglikler gergeklemesi igin  gerek sartlar  belirtilmigtir,




