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ON WAVE SOLUTIONS OF GAUGE INVARIANT GENERALIZATION 
OF FIELD THEORIES WITH ASYMMETRIC FUNDAMENTAL TENSOR 

K.B. L A L - MUSTAQEEM 

In this paper wave solutions of gauge-invariant generalizations of field 
theories with asymmetric fundamental tensor have been obtained. 

1. Introduction. Combining the unifield field theories of Weyl [ 8 ] and 
Einstein [ 3 ] , Buchdahl ( f 1 ] , p]) has developed a gauge-invariant theory based 
on an asymmetric covariant tensor gu and a covariant vector Ki relating these 
to an asymmetric linear connection Tk

u in such a way that this theory can be 
regarded equivalently as 'gauge-invariant generalization of Einstein's non-
symmetric theory' or 'the asymmetric generalization of Weyl's theory'. 

In Buchdahl's theory [ 2 ] the asymmetric tensor gu = hu + fu (where 
h/j is the symmetric part of which coincides with the fundamental tensor 
of the metric of the space-time and fi} is the skew-symmetric part of gu), the 
vector Ki and the linear connection Tk

ij, of gauge-invariant theory are defined 

Lsngsj + L\jgis-giM = 0, • . - (1,1) 

y'n S*j + YijSu- - Su fri = 0 , (1.2) 

r',* = - Yjk, (1.3) 

where l)jk is the linear connection of Einstein's non-symmetric theory [ 3 ] . The 
indices k,... take the values 1,2,3,4 and a comma (,) before an indeit / denotes 
partial differentiation with respect to x'. The simplest field equations as given 
by Buchdahl [ 2 ] are 

Tl = T*is=Ot (1.4) 
V 

Gu = ptJ - (knj + kj. i) + t ; : , + -fit r'sj - 2YuK = o, 0-5) 
+ + +-

where PtJ is defined by 

Ptj = ~ Lsu, + y {L'i,.j + + Uit L ' s j - L^j VH . (1.6) 
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A semi-colon (;) denotes covariant differentiation with respect to L * y , the sign 
' + ' , '—' or V below an index fixes the position of covariant index / in the 
connection as L ' A , L ' h or L A and a bar (—) and a hook ( n / ) below the indices 
denote the symmetry and skew-symmetry respectively between those indices. 
Tensors Gu and Py are the hermitian tensors of gauge-invariant and Einstein's 
usual asymmetric theory respectively. 

Further Buchdahl [ 2 ] has considered the field equations (1.4) and (1.5) 
in a static spherically symmetric space-time. Recently Lai and Singh [ 5 ] have 
obtained the solutions of these field equations in a cylindrically symmetric space-
time. In the present paper we consider these field equations in a space-time 
represented by the metric ([ 4 ] , [ 7 ]) 

ds2 = - dx2 - dy2 - dz2 + dt1 + 2A dzdt + 2B dxdy. (1.7) 

The non-symmetric tensor gl} [ 7 ] is given by 

(gu)- 3 G ~° > 0-8) 

1 B P - P 
B - 1 — a 
P — c - 1 A 
p rj A 1 

where A = A (z, t) and B e= B (X, y) and p , cr are functions of (z—t). 

Equation (1.1) is the first equation of Einstein's non-symmetric unified 
field theory and it has been solved in [ 7 J, whose solution gives various compo­
nents of the non-symmetric connection coefficients of Einstein's unified field 
theory which together with y'^j gives connection coefficients in gauge-invari­
ant theory. 

2. Solution of Equation (1.2), Mishra [ 6 ] has proved that y*, ; can be put 
in the form 

where 

Uk

u=2^«Si

m(,fiyil 

H*tj = - A*1 &j hn + kt hxJ - kx A„)/2 , 

&u = l\m = A*1 (K'ui + 2 i / m

l i ( . / ; ] m ) 

b) KUk = (kjlk + kkfti - kjjàjl, 

(2.1) 

(2.2) 

(2.3) 

(2.4) 

(2.5) 
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-where /?'', the reciprocal of hl}, are used to raise the indices of a tensor. Elimi­
nating Uk

i3 between (2.2) and (2.4), as given in [ 6 ] , we get 

Suk = ijk - f 2f{j

v f}™ Skim + 2f\} SJilriIf/"', (2.6) 

•where 

fii=f,kW. (2.7) 

From (1.8) and (2.3) the non-vanishing components of Hk

u- (= Bk

ji) are 

X\t = {A, - Bilk, B + k2)} /2(I - £ 2 ) , 

i / 2

2 2 = {kz ~ B(2k2 B + / 2(1 - £ 2 ) , 

- {£ 3 + ,4(2*3 ̂  + A 4 » /2(! + A T ) • 

^ 1 4 = {^4 + -4(2*4 ̂  - *3» / 2(1 -h ^ ) , 

^ 1 2 = ~ ^ , 1 = - ^ 3 3 = ^ 4 4 = ^ ( * l » + * 2 ) / 2(1 - * 2 ) , 

^ . 2 = - ^22 = - ^33 = ^44 = - ^ ^ 3 4 = (*2 * + * . ) /2 ( l - * 2 ) , (2-8) 

Ji'n = ^ 2 2 = - ^ 4 4 = - ^ 3 4 = - 4 " ^12 = (*4 ̂  ~ *3> / 2 ( ! + ^ ) > 

^ ,3 = ^23 - /c3/2, * 3,3 14 = kJ2, 

^14 = ^24 = * 4/2» = H\A 

^13 = = * 2

1 4 = &14 = H*X3 = II*3A = If3

24 = 0 

From (1.8) and (2.5b) the non-vanishing components of KUk{=- — KJlk) are 

1̂31 = ^-Kl4l ^ P /Cl > ^232 = ^ ^242 = °k2 > KU2 = ~~ + K) I 2 > 

Kil2 = — KIA2 = K?3i = - K24l = (Ckl + P/f2> / 2 , -^ ! 3 3 = P / c

3 » 

KiAl = ~ p(A3 + k4) 12 , KnA = Ki4i = pfo - k3) 12 , K23i - c/c3 , (2.9) 

^234 = ^243 = ^ 4 ~ *3> I 2 > ^123
 = ~ 1̂24 = (P / f2 ~ / 2 > 

= — P/C4 » ̂ 244 = — a / C 4 » ^i/A = 0 ' fbf all / =='7 
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Using (1.8), (2.8) and (2.9) in (2.5a) the non-vanishing components of 

^ ' m = - K\A1 = (Bp + o) (k, B + k2) /2(1 - B2) , 

K'23> = - K'2A2 = (Ba + p) (*2 B + kJI 2(1 - i i 2 ) , 

i T 1 3 2 = - K\A2 = - (2?a + p) (/q 5 + k2) /2(1 - i i 2 ) , 

J^ai = ~ ^ = - (Jp 4- a) (*2i? + ^ ) /2(1 - i i 2 ) , 

7T I 2 1 - - (Bp + a) { (/t3 + /cj + ^(A 3 - /c4) } / 2(1 + A2) , 

K\22 = (Ba + p) { ( * 3 + *<) + ^ ( £ 3 A4) } /2(i + ^ 2 ) , 

^ ' i 3 3 = PO - ^ ) (*3
 A + / c 4> / 2(1 + , (2.10) 

^ ' 1 3 4 = - P(l + ^ ) (A3 ^ + A4) / 2(1 + A2) , 

K'us = - P(l - 4> (*4 ̂  ~ * 3 ) / 2(1 + , 

r 1 4 4 = p(i + A) (K A - **) /2(1 + ^ 2 ) , 

^ ' 2 3 3 = ^(1 - ^ > ^ + *4> /2(1 + A l ) > 

K'2iA=~o(l+A)(kiA + kA)i2{l+A2), 

^ ' 2 4 3 = - o(l - A) (kA A - /c3) / 2(1 + A2) , 

1C2AA = a(l + ^0 (A4 ^ - A3) / 2(1 + ^ ) , 

^ ' 3 4 3 = - 0 - A) {p(k2B + kJ + a ( / C l B + / c 2 ) } /2(1 - 5 2) , 

j r 3 4 4 = ( I - M ) { p ( * 2 J + * 1 ) + a(fc15 + £ 2 )}/2<l -B2). 

From (1.8) and (2.7) the components of / / are given by 

K'Uk{=-K'l(d are 

0 0 P(l + A) 
(1 + A2) 

p(i - 4) 
(1 + A2) 

0 0 o(l + ^ ) 
(1 + ¿ 2 ) ( i + ^ 2 ) 

(Bcr+p) 
(1 - 5 2) 

(-gp + Q-) 
(1 - B2) 

C2-.ll) 
0 0 

( J g + P ) 
(1 - B2) 

(Bp + cr) 

(1 - * 2 ) 
0 0 

http://C2-.ll
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Using (2.10) and (2.11) in (2.6) we get 24 simultaneous equations. Solving 
these equations the 24 independent components of Sj,. will be given by 

S J 3 1 = - S14l = (Bp + a) (A, B + A2) / 2(1 - B2) , 

S2n = ~ S242 = CBa + p) (A2 B + kJ/ 2(1 - B2) , ' 
S,32 - - Si42 = - (Bo + p) (A, B + k2) /2(1 - if 3 ) , 

^231 = ~ S24l = - (Bp + a) (A2 ff + /c l)/2(I - fi2) , 

5,2i = - &P + °) { (*3 + *i) + ^ - K) 1/2(1 + ^ 2 ) , 
Sni = (5a + p) { (A3 + A4) + A(k, - k4) } / 2(1 + ^ 2 ) , 
Sin = p(l - ^ ) (A3 ^ + A,) / 2(1 + A2) , 
S „ 4 = - P(l + (*3 ̂  + k4) 12(1 + A2) , 
S233 = a(l - A) (A3 A + k4) 12(1 + ^ ) , 

¿ 2 3 4 = - a(l + ^ ) (*3 A + A4) / 2(1 + A1) , (2.12) 

5 ! 4 3 = - p(l - A) (k4 A - A3) /2(1 + ^ 2 ) , 

S l 4 4 = Pd + ^ ) < M - * 3 ) / 2(1 + A*) , 

S2 44 = o(l + (*4 -4 - ¿ 3 ) / 2(1 + / I 2 ) , 

S 2 4 3 = - a(l - ^ ) (A4 /( - A3) / 2(1 + ^ ) , 

^343 = ~(l-A) {p(k2B + A,) + a(A( + * , )} /2(1 - B2) , 

S 3 4 4 = (I + J) { P ( ^ B + A,) + a(A, B + A 2)} / 2(1 - i i 2 ) , 

^123 = ^124 ~ ^341 = ^342 = ^ -

Therefore the components of Sk

ij = hki Sij} are 

Sln = <* { < * 3 + **) + A(k, - k4)} /2(1 + ^ 2 ) , 

^ 2 i 2 = ~ P { (A3 + A,) + A(k3 ~ kA)} J 2(1 + /f 2 ) , 

= - ^ 1 4 = ~ <*(*i 5 + A2) / 2(1 - B2) , 

S2

n = - S2,4 = p(Ai;S + A 2 ) /2( l - B2), 

&n = S\i = ~ P ( M + A 4 ) /2( l + A2) , 

S\4 = S\4 = p(k4A - A 3 ) /2(1 + , (2.13) 

^ 2 3 = - = c(A2 B + A,). / 2(3 - B2) , 

S\s = ~ S\4 = ~ P(*2 B + kx)l 2(1 - B 2 ) , 
s \ i = 5 4

2 3 = - o(A3 ̂  + A4) / 2(1 + A2) , 

S\A = S \ 4 = c(A4 A ~ A3) / 2(1 + A2) , 

S334 = S434 = { P (A3 B + A,) + o(A, B + A 2)} / 2(1 - B2) , 

i S 1
3 4 = S2

34 — = 5"" l 2 = 0 . 
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Using (1.8) and (2.13) in (2.2) we find that all the components of Vk

u are 
zero. Therefore using (2.8) and (2.13) in (2.1) the components of yk

u are given 
by 

tn = [ {*i - B{2kx B +A ? ) } / 2(1 - B2) , - (A, B + *,) / 2(1 - B2) , 

(k4 A - A3) 12(1 + A2) , (A3 A + k4)f 2(1 + A2) ] , 

722 = [ - < / c2 B - I - A,) / 2(1 - B2) , {A2 - B (2k2 B + k,)} /2(1 - 5 2) , 

(k4 A - A3) 12(1 + A2) , (k3A + A4) 12(1 + A2) ] ; 

Y§3 = [ - (*c2B + A,)/2(l - i i 2 ) , - (A, B + A ; ) /2( l - 5=), (2.14) 

{ k3 + ^ (2A3 ̂  + A,)} / 2(1 + ,4 2 ), (k3_A + A4) / 2(1 + A2) ] , 

Y4

£4 = + fci)/2(l - > (A, * + * 2 ) / 2 ( l - S2) , 

- (A4.4 - - A3) / 2(1 + A2) , { A4 + ,4 (2A4 ^ - A 3)} / 2(1 + ^ 2 ) ] , 

Tf2 = [ S + Ar2) / 2(1 - B2) ± a { (A3 + A,) + /( (A3 - A4) } / 2(1 + ,42) , 
21 

(A2 5 + A,) / 2(1 - £ 2 ) + p { (A3 + k4) + A (A3 - A 4)} / 2(1 + A2) , 
- B(kAA - A,) /2(l + A2), - J ( M + ^ ) ' / 2 ( l + A2)], 

similar expressions for yk

3 , yk

4 , yk

2J , yk

4 , yk

4 are omitted for brevity's sake. 
31 41 32 42 43 

Thus the solutions of equation (1.2) in the space-lime (1.7) are given by 
(2.14). 

3. Solution of Equation (1.4). Using the components of L k

u from [ 7 ] and 
yku from (2.14) in equation (1.4) we find that when i= 1 and 2, equations-
Ti = 0 give 

(k3 + k4)±A(k3-k4) = 09 (3.1) 

while when i = 3 and 4, equations Ys

is — 0 give 

P (u. + v) + {p (A2 B + A,) + a (A, B + A2) j / (1 - B%-= 0 , (3.2) 

where 

\ \ (l+A2)) { (l+A2)) 

and n = - £ , / ( ! - 5 2 ) , v = - . 6 2 / ( l - 5 2 ) . 
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Thus equations (3.1) and (3.2) are necessary conditions in order that Buch-
dahl's gauge-invariant field equation (1.4) be satisfied. 

4. Tensors Pu and Gu. The gauge-invariant Einstein tensor G,y, as given 
by Buchdahl [ 2 ] , is 

Gi, - Pu - (Ki + kj.i ~ IK Va) ~ 2 fi} k, + fUA + (4.1) 

+ ^ i"u ~ L»n y\nj - L"\j y\m + y-n y^} . 

Using the components of L k

u from. [ 7 ] into (1.6) we get the components 
of Pu as follows : 

^ i i = - H,2 - B V v + 2Ap. (BMp + Lv)j(l+A2) + 

+ 4A2 M2 u 2 / (1 + ^ 2 ) 2 - (2A ! (1 + A2)) (M u ) t l , 
F2z = — viL~ B]xv + 2Av(M\i + BLv)/(l + ^2) + 

+ 4A2 L 2 v 2 / (1 + A2)2 - (2^ / (1 + A2)) (L v) , 2 , 

^33 = - <P,3 - P2 G*2 + v2) - '2a2 v - ^ q) \|/ -
- 4 (A/ 2 u 2 + 2BLM p.v + L 2 v 2) / m -

- 2B { M p.2 + B ri v (L + M) + L v 2 } / (1 - B2) -

(BM\i + Lv) ) 2{ (My + BLv) ) _ 2 

I (l~ B2) S, ( (l~B2) \ A I ( 1 - f i 2 ) \ i 2 

^44 = ( P , 3 - P 2 ( ^ + v 2 ) - 2 a 2 ^ v + ^ ( p Y + (4.2) 

+ 4(M2 \x2 + 2BLM uv + £ 2 v 2) / m -
- 25 { M u 2 + 5 i i v(L + M) + L v 2 } / ( 1 - 5 2) -

(BM.\i-\-Ly) ) _2i(M» + BLv) ) _ ^ 

f (1 - ^ 2 ) ),i i (1 *>) ), 2 

PM = Pi, = W , 2 + u-v + 4 ^ 2 X M j x v / ( l + / f 2 ) 2 -

-(AKl+A^iiLvX^iMul,}, 

Pu = PAZ = (-4 <P),3 + P2 <M2 + V2) + 2a2 n v - (p x|/ + 
+ 4A (M2 u 2 + 2BLM \iv + £ 2 v 2) / m , 

P\<i = J\ H~ ^4 •̂ >41 = ! ~ "̂ 1 4 > 

i * 2 3 = / 2 + / 5 , P 3 2 = J% + /5 , 

i * 2 4 - ^ i ^ > -^42 = ~ ¿2 + ^6 ' 

where 
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X = p a + a|j\ A f = < r a + p P , cp = A4 / (1 + A2) , y = ^ / (1 + A2) , 

m = (1 + ^ 2 ) (1 - B2) , 

J, •= (Pp),, + (au) i 2 — (1 — -S) a (i v , 

/ 2 = («v) ( i + ( P v ) , 2 - ( l - 5 ) a a v , 

/ 3 = a [ M { ( i - A) Ay + (1 + A) V} / (1 + + 

+ + /12)),3 + ((1 - ^ ) M / ( 1 + J 4 2 )) , 4 ] , 

• y 4 = j i [Af {(1 - ^ c p - ( 1 -

- ((1 + A) MI (1 + ^ ) ) , 3 - (M / (1 + . J42)),4] , 

y 5 = v [ L { ( l - ^ ^ ( l +A2) + 

+ (L I (1 + ^ » , 3 + ((1 - A) L I (1 + A*))A] , 

J6^ v[L{(\ - ^ ) < p - ( l +A)Ay}/(\ + A2)~ 

- ((1 + A)L/(1 + ^ 2 ) ) , 3 - ( 1 / ( 1 + ^ 2 ) ) , J , 

- i 9 + B«){-B+1A*a-
\ (l-\-A2) 

<i + ^ ) M ( i + ^ 2 ) / I 0 + ^ ) 
and the indices 1,2,3,4 after a letter denote partial differentiation with respect 
to x, y, z and / respectively. 

The components of L s

i s are given by 

L1

n=B\i, L2

LL-=\i, £ ' 2 2 = v , Lz

22=Bv, 

^ 3 3 = ^ 4 4 = 2 ( M u + BLv)/(\ -B2), 

L \ 3 = L \ A - 2 (BM\x -|- i v) / ( l ~ B2), 

-L 3

3 3 — Ay , L 4

3 3 = \\f, 

i- 344 = ~ <P . - ^ 4 4 = A <P • ' (4-3) 

JL3

J3 = - I - 3 j 4 = - (1 + A) Mix I (1 + -42) , • 

^• 4 i 3 = ~ £ 4 » = - ( 1 A ) Mil / (1 + -4 2 ), ' 

L \ A = - L \ A = - (1 + X) Lv /(3 + ^ 2 ) , 

£ a - ~ L\A = ~ (1 - A) Lv / ( l + ^ 2 ) . 
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Substituting from equations (2.14), (3.1), (3.2), (4.3) and the components 
of Lkjj from [ 7 ] in equation (4.1), we find the components of Gu as follows : 

G u = ^ u + ' i - ^ ^ , ¡ + ^ - ( ^ 1 1 + ^ / 2 ( 1 - % -

- { ( M + i 2 ) / 2 0 - ^ ) } , 2 - {K-B(2KB+k,)} • K+AMm+Ap+B^ + 

1— A2 

k2-£v!2 + ALv/(l + A*) + M ( l - 2B2) 
+ (klB + k2> • -— • : g 2 - + 

H 3 ' • 2(1 + ^ 2 ) 4(1-5 2 ) 2 

_ (fc, j - i - k2y P

2(/c 4 ^ - /c3)2 

2(1 - -fi 2) 2 . 4(1 + A1)2 ' _ 

G22 = + A - 4" ¿ 2 , 2 + * f + 2n(^ 5 + A2) -|- 4^-~ + (4-4) 2 2 1 -|- A2 

+ ^ ^ + J> r i * , +Mi_ { ( M + / 2 ( 1 _ ^ _ . 
2(i + ^ ) 

- {*(M + ^ / 2(1 - **)} 2 + { V B + + + ^ _ 
S , Z 4 ( 1 - 5 2 ) 2 

CT2(M - A 3 ) 2 _ {k2 - 5(2A2fi + kt) } (Bv + 2/c2) 
(1 + ,4 2) 2 2(1 - B2) . 

(k2B+k{)(2kt ~_2y ~ Bti) _(k2B + k,f 
2(1 - B2) 2(1 - 5 2 ) 2 

Mp(/c2 B -\- k^).~ L\> {k2 — B(2k2B -\- k^} 

m 

G12 
-G -P -Bï -<k + * Ï \- K K • 3 ^ . 2 + ^ 2 2 ) + 2fc1A2 

2 ~ U 2 1 ~ * 1 2 V C J , 2 ~T~ / C2.1^ ^ 2 4 ' ' 1 # 2 ^ ' 

_ j i ( M ^ ] ) { ^ + ¥ ) - ( ^ + ^ } _ £ + 

2(1 + ^ 2 ) 1 ^ ' ' ' 

+ « M + t jv 2(i - *)} ,2 - ^ t * . ( ^ f . + '»-> + /.•»,>• + 

m 

u(/c25 + fc,) + v ( M + ¿ 2 ) + + fe2) (/c2B + 
2(1 - B2) 2(1 - 5 2 ) 2 

(k2 + /c z

2 )(l +B2) + 4Bk,k2 

4(1 - 5 2 ) 2 ' 



168 K.B. L A L - MUSTAQEEM 

similar equations for G33, G44 , Gn , G 3 1 , G u , G 4 1 , G 2 3 ,• G 3 2 , G24 , G 4 2 , G 3 4 

and G43 are omitted for brevity's sake, where 

1 { (k4 A — k3) ) 
i. 2 I ( 1 + ^ 2 ) ) 

h = 
1 

i - 8 - -
£ (k4A-k3) ) 

2 \dz ( 0+A2) $ 

h = 
1 

I — H 
( P (K A — k3) 

3 2 I 3z I (1 + A2) 
1 

i — -
3 Ï { u(k4A -k3) 

2 \ 3z I (1 + A2) 

L=- (k4A - k3) (k3 + /c4) / ( I + A2). 

5. Solution of Equation (1.5). Using (4.4) in (1.5), we get 

Pu + / , - I ~ A 1 ( 1 - {2?<M + **) /2(1 - -S2)},, + - y - -

(1-M 2 ) 

(/c,5 + fcj {/c2 - Bv/2 + ALy / (1 + A2) + u(l - 2fi2) } 

( M - / c 3 ) { ^ ( c p + Y ) - (k'3+k4)} {kf-B(2kxB+k2)2} + (k2BArk,f 
2{\+A2) - 4(\~B2)2 

_ (k,B + k2? p2(k4A~k3f _ Q 

2(1 -B2)2 . 4(1 +A1)2 ' . < 

P22 + I i - ± k 2 , 2 + ^ - + 2li(klB+k2)+ • • • (5.1) 
2 2 1 + ( J 4 Z 

{ % _ ± z ) - f e > f c , ) } _ { ( t a + / C i ) / 2 ( 1 _ B 2 ) } _ 

2(1 + ^ 2 ) L 2 ' 1 ' / / a 

_ {B(k2 B + /O / 2(1 - * ) } , + felW + *•> ) ± X M + _ 

_ a 2 ( M - /c3)2 _ {k2-B(2k2B + k))} (BM + 2/C2) • 
( 1 + ^ 2 ) 2 2(1 — 5 2) 
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(k2B + kx) (2kx - 2v - B\x) _ ( M + /c,)2 , 
2(1 - B2) 2(1 - B2)2 

A[MyL(k2B + k J - L v {k2-B(2k2B + kx)}] _ ^ 

m 

P -M-Or +k \ + J } * k * - L _J5_(/c,2 + A/) + 2/c]A2 

^ 1 2 ^ . 2 + " ^ + " 2 4 ' I — B2 

_ B ^ A - k3) M c p + , „ ) - _ ( * 3 + * < ) ± + { ( M + / g , 2 ( 1 _ ^ } j + 

2(1 + /Î 2) 

+ { ( M + kd 12(1 - *•) }, 2 - ^ { W + . ^ v ) + ^ v + i»jf!?) } + 
m 

, u (/c2S + k.) + v(/c,S + /c2) , (k.B + /c2) (/t2S + k.) 
2(1 - 5 2) 2(1 ~ B2f 

= 0, etc. (k2 + /t 2

2) (1 + B2) + 4JA, A2 

4(1 - B2)2 

There are various possibilities under which the solution of field equation 
(1.5) may be considered. However we shall consider the solution in case when 

k1 = k2 = 0 , k3 and k4 are functions of (z — t), (5.2) 

A = A (z - t), B = B (x - y) . (5.3) 

With this choice of / t f , A and B, equation (3.2) is identically satisfied. 

Using (5.2) and (5.3), equations (5.1) reduce to 

p = _ P , 2 p 2 ( M - * a ) 2 

B 4(1 + ,4 2) 2 

P I 2 , v2(k4A~k,)2 

22 B ' (1 + ,4 2) 2 ' 

i> 3 3 = | - /c3,3 + k>*.-{ A(k4 A-k3)j 2(1 + A2) },3 -

^ 4 = y ¿ 4 . 4 + - y - + ( ( M - ¿ 3 ) / 2d + A2)} ,3 -

4(1 + A2) 
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p = _ j , (kAA-kj {PA(k4A -*3 + A4)-(3.+ A2)Mv} -, 
33 5 ,. 2(1 +A2)2 -, • • ' 

p = 7 , P(M ¿ 3 ) ( 0 ~ ^) A<--A(k4A - /c3)} J Mv ( M - fc3>  
3 1 5 2(1 -f ^ 2) 2 ' X+A2 

P „ _ P / > i 2 , p d + ^ ) ^ 4 ( M - A 3 ) Mv(k3A + 2k4) . 
5 2(1 + A2)2 1 + A2 

£ 2(1 + ,4 2) 2 1 + ,42 2 

2£y(/c^-/c 3) 
l + > 

a(M ~ ¿ 3 ) (^(M ~ ¿ 3 ) - 2(1 - A) A4] P23 - Pi2 = — 2a 75 + 
2 3 3 2 5 2(1 + ,4 2) 2 

p (M - /c:<) {a (1 + A) A J (1 + ^2) + gyp) 
2 4 .5 2(1 + A2) 

. . Lv{ (k4A ~ k3) (1 + 5>) + k4A(X + A2) } . 
2(1 + ,42)2 

_ a Pn a(l + ^ ) ,44(M ~ ¿ 3 ) , (i + A) Lv k4 

"42 B 2(1 + ^ 2 ) 2 1 + A2 ' 

? , 4 - ( ¿ 3 , 4 + ¿ 4 . 3 ) + W , - + ^ ~ ^ 34 3,4 4.3/ 5 , . 2 2(1 + v42)2 

and 

(Bp + o)L = (Bo+p)M, 

where 

j = . 3_ ( ( ¿ 4 ^ - * 3)_ ) / = 3_ (k4A-k3)(k3 + k4) 
2 dz \ (i+A2) \ 5 4 ' (1 + A2) 

Thus the solutions of BuchdahPs field equations are given by equations 
(1.8), (3.1), (5.2), (5.3) and (5.4). 

When kj — 0, we have the solutions of Einstein's strong field equations-
discussed in [ 7 ] . 
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Ö Z E T 

Bu çalışmada, temel tensörü asimetrik olan alan kuramlarının invaryant 
ölçümlü genelleştirmelerinin dalga çözümleri e!de edilmektedir. 


