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АННОТАЦИЯ. A 4-dimensional Walker metrics with c = 0 on A semi-Riemannian 
manifold M have been investigated by E. Garci'a-Ri'o and Y.Matsushita. The case 
c=constant has been studied in [1]. In this paper we generalize these notions to 
the case of non-constant c. We find the form of the defining functions that makes 
this manifold similar to locally conformal flat 4-dimensional Walker manifold. 

1. I N T R O D U C T I O N 

A Walker n-manifold admits a field of parallel null r-planes, with r < Ոշ. The 

canonical form of a metric studied by Walker [5j contains three functions a(x, y, z, t), 
b(x, y, z, t) and c(x, y, z, t). We consider 4-dimensional Walker manifolds with parallel 

null 2-planes. In [3] locally conformal flat Walker manifolds were investigated in the 

restricted form of metric when c(x, y, z, t) = 0. The case c = constant is studied in [lj. 

In this paper following [lj and [3], we focus upon the case of arbitrary non-constant 

c(x, y, z, t) 

admitting parallel null 2-planes. 

Definition 1. A Walker manifold is a triad (M,g,D) of an n-dimension manifold 

M, an indefinite metric g and an r-dimensional parallel distribution D. 

If dim M = 4 and dim D = 2, g has the signature ( ֊ - + + ) and in suitable 

coordinates 

(1.1) g(x, y, z, t) 

0 
0 
1 
0 

1 
0 

a(x, y, z, t) 
c(x, y, z, t) 
1 3 

\ 

c(x, y, z, t) 
b(x, y, z, t) 
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for some functions a(x,y,z,t), b(x,y,z,t), c(x, y, z, t) and where D 

(cf.[5,6j). The plane D is strictly parallel if and only if 
dx՝> dy 

(1.2) g(x,y, z,t) = 

/ 0 0 1 0 \ 
0 0 0 1 
1 0 a(z,t) c(z,t) 

\ 0 1 c(z,t) b(z,t) J 

In this case the coordinate system can be chosen to satisfy a(z, t) = 0, c(z, t) = 0 

g 

(1.1). 

2. C U R V A T U R E T E N S O R O F 4 - D I M E N S I O N A L N E U T R A L M E T R I C 

A D M I T T I N G A P A R A L L E L N U L L 2 - P L A N E 

In suitable coordinates the canonical form of Walker metric has been obtained by 

Walker in [5, 6], where the metric expresses as in (1.1). 

It follows, after some straightforward calculations, that the Levi Civita connection 

of a Walker metric (1.1) is given by 

Vax dz = 2 ax3x +  1 cx3y 

Vdx dt = շ cx dx + շ bxdy 

Vdy  dz = շ  ay dx + շ  cy dy 

V d y dt = 2  cy dx + 1  by dy 

V d z dz = 2(az + cay + aa,x)dx + 2(2cz - at + bay + ca,x)dy - շ a,xdz - շ ay dt 

Уд, dt = at + ccy + acx)dx + 1(bcy + bz + c)dy - 2 cxdz - 2 cy dt 

1 1 1 1 
Уdt dt = 2(2ct - bz + cby + abx)dx + 2(bt + bby + cbx)dy - 2 bxdz - 2 by dt, 

where ax means partial derivative dxa(x, y, z, t) and dk denotes the coordinate vector 

field d ֊ , к = x,y, z,t. Hence, if (M,g) admits strictly parallel vector field, then the 

associated Levi-Civita connection satisfies 

Vaz dz = 2azdx +  1(2cz - at)dy 

Уд, dt = 2 at dx +  1 bz dy 
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Vdtdt = շ(2գ - bz)dx + 1 btdy. 

Let R denote the curvature tensor, taken with the sign convention R(X, Y) = 
V[X,Y] - [Vx, Vy]. Then, the nonzero components of the curvature tensor of Walker 

metric (1.1) are computed as: 

Rdzdx  dx 2  axx dx + 2  cxxdy 

Rdzdx dy = 2  ayx dx + 2  cxy dy 

RdzBx  dz 2  ( c ayx +  a a x x ) d x + 4  ( 2 czx +  ay  bx +  2 b ayx +  2 c axx  2 atx  cy  c x ) d y 

_1_ д _ 1 д 

2  axx dz 2  ayx dt 

1 1 Rdz dx  dt 4 ( 2 a t x +  cx cy +  2 c cyx  2 cxz +  2 a cxx  bx ay x + 2 ( c c x x +  b cxy ՝ ) d y 

2 cxx dz 2  cyx dt 

Rdt  dx dx 2  cxx dx + 2  bxx dy 

Rdtdx dy = 2  cxy  dx + 2  byx dy 

Rdt dx  dz 2 ( c c x y +  a cxx՝ ) dx + 4 (  2 cxt +  2 bzx +  cx  cx by +  bx cy +  2 b cyx 

ax bx +  2 c cxx՝) dy 2  cxx dz 2  cxy  dt 

Rdt dxdt = 4(2ctx - 2bzx + axbx + by cx - ccx - bxcy + 2cbxx + axbx)dx 

+ 2(bbyx + cbxx)dy - 1 bxxdz - 2byxdt 

Rdz  dy  dx 2  axy  dx + 2  cxy  dx 

R3Z dy  dy = 2  ayy  dx + 2  cyy  dx 

Rdz dy dz 7) ( c ayy +  a ayx՝ ) dx + ~7 ( 2 czy  2 aty +  ay  by +  2 b ayy +  2 c axy +  ax cy 

- cy )dy - 2 axy dz - 2 ayy dt ay  cx  cy J ̂ y 2՝ J j xy^z 

2 cyz +  cy +  2 c cyy +  ay c  

+ 2 ( b cyy +  c cxy )dy  - 2  ( cxy )dz  - 2  cyy  dt 

Rdz dy  dt .  ( 2 a t y  2 cyz +  cy +  2 c cyy +  ay  cx  cy  ax  by  ay +  2 a cxy ՝ ) d x 
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Rdt  дУ  dx շ  cxy  dx + շ  bxy  dy 

Rdtdy dy = շ  Cyy dy + շ byy dy 

Rdtdy  dz շ  ( c cyy +  a cxy +  Cy )9y + 4  ( 2 bzy  2 cyt +  2 b cyy +  cy  cx +  2 c cxy 

-ayկ)dy -  1 c x y d z -  1 cyydt 

Rdt dy dt = 4 ( 2 c t y - 2b zy  cy  cx + 2cbyy + ay bx + 2abxy )dx + 2(bbyy + cbxy )dy 

—  1 b d — 1 b d 2  bxy  dz 2  byy  dt 

Rdt  dz  dx 4 ( 2 c x z +  bx ay  2 atx  cx cy  ) dx + 4 ( c x +  2 bxz +  bx cy  ax bx 

2 cxt  cx by  ) dy 

Rdtdz  dy 4  ( 2 cyz +  by ay  2 ayt  cy +  cy ax  ay cx +  c y c x ) d x 

+ 4 (2byz - ay bx - 2cyt)dy 

Rdtdz dz =4(caxOy - ccxay - cc 2y - 2cayt - 2aaxt + cay by + aay bx + 2ccyz 

+ 2acxz - acycx)dx + ~^(2bzz + 2att - 2ctax + axbz - bxaz 

- ay bt + by at - 2aytb - 2caxt + 2bz cy - aaxbx - caxby 

+ 2bcyz + 2ccxz - 4czt + 2cxat + ccxcy + ac 2x - bcxay - 2bycz 
1 
4 ( 

+ axbcy )dy + ֊(2axt - ay bx - 2cxz )d : 

+ i(2ayt - ay by + ay cx - 2cyz - ax cy + c 2y )dt 

Rdtdz dt =^(4ctz - 2b zz + az bx + 2abxz - 2att - bz ax + 2cbyz + bay 

- byat + bbyay + 2czby + 2axct + caxby - abycx - 2ccyt 

- 2atcx - 2acxt - 2cybz - bcy - ccxcy + acybx)dx 

+ 4(ccybx - 2bcyt - 2cc xt + bcx:cy + ccx + 2bbyz + 2cbxz - bxbay 

- cbxax - by ccx)dy + i ( 2b xz + bxax + by cx + 2cxt - Հ - bx cy )dz 

(2 - 1) + ֊ ( b x  ay  -  cx  cy + 2cyt - 2byz)dt. 

Further note that the existence of strictly parallel vector field simplifies (2.1) as 

follows: 
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Rdtdzdz =2(bzz + att - 2czt)dy 

( 2 - 2 ) Rdtdzdt = 1 (2ctz - bzz - att)dx. 

3. L O C A L L Y C O N F O R M A L F L A T M E T R I C S 

A semi-Riemannian manifold is locally conformal flat if and only if its Weyl tensor, 

given by: 
—c 

W(X, Y, Z, V) = R(X, Y, Z, V) - -( — (g(X, Z)g(Y, V) - g(X, V)g(Y, Z)) (n - 1)(n - 2) 

1 - (Ric(X, Z)g(Y, V) - Ric(Y, Z)g(X, V) + Ric(Y,, V)g(X, Z)g(X, V)g(Y,, Z)) 
(n - 2) 

vanishes. The nonzero components of Weyl tensor of a Walker metric (1.1) are 

calculated as: 

^ x ^ y ^ z ^ t ) — 10 xx a ^xy 10 yy 

x z x z 

x z x 

x z y z 

x z y 

1 1 
- 1- b 

12  ;  12  a x x ՜ - 6  c xy ' - 1- b 
12  ;  

1 
77  axx + 6 

1 
6  c xy ՜ 1 b 6  byy 

1 
4  cxx + 4  b xy 

1 
4  axy + 

1 
4  cyy 

1 
2  cyx 

ы г я 1 5 Կ , 1 Կ 1 

W (dx, Oz, Oz, dt) =4axt - 4czx - 12ccyx - 4bcyy + 4cyt - 4bzy - 12caxx 

+ 4  a bxy + 6  c byy 

W(dx, dt, dx, dt) = - 1 bxx 

W(dx, dt, dy, dz) = - 1 cyx + ^ b y y + axx 

W(dx, dt, dy, dt) = - 4bxy +  1 cxx 

W(dx, dt, dz, dt) = -  1 abxx -  1 cbxy - bbyy - ^baxx + -1Հbcyx +  1 ccxx 

W  (dy  , dz  , dy  , dz  ) =  - ֊  ayy 
1 
— с 
2 

W (dy , dz , dy , dt) = - 4 c y y + 4 axy 
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W(dy, dz, dz, dt) = — aaxx + 7 c a x y + -bayy - -ccyy - 12acyx + 12abyy 12  x x 1 4՝-՝~ xy ' 4- ՝'yy 12  y x 12 

1 1 - h 
— a x x + g  c xy 6 

1 1 1 5 1 

W (dy, dt, dy, dt) = - - axx + — cxy - - byy 

W(dy, dt, dz, dt) = -cyt - -bzy + -acxx + ^ccyx + -axt - -czx - -bax 

— b - 1 
+ 12 6  c axx 

W (dz, dt, dz, dt) = - bcx ay - - bax cy + - abxcy - - acxby + 2 by cz + - b 

-  ax bz 12  b a axx 2  b c ayx + 2  b c cyy 2  cy  bz 2  c  

+ 2  c bzy — c  byy — c  axx 2  a c byx 2  c czx 2  b czy 

1 1, 2 2 1 1, 1, 2 accxx + 3 bacyx + 3 c cyx - 2 acxt + 2 bayt - -1 

1 , 1 2; 1 7 7 1 1 , 1 + 2 abzx + czt - - a bxx - 12 babyy + 2 caxt - 2 bzz - 2 att 

. . 1 , 1 , 1 1 1 , 1 
(3.1) + - caxby - - cbxay + 2 axA - - by at + - ay bt - 2 cxat. 

Now it is possible to obtain the form of a locally conformal flat Walker metric as 

follows. 

T h e o r e m 1. A Walker metric (1.1) is locally conformal flat if and only if the 

a(x, y, z, t) b(x, y, z, t) c(x, y, z, t) 

a(x, y, z, t) = F(z, t)xy + R(z, t)y - շS(z, t)x2 + L(z, t)x + £(z, t) 

b(x, y, z, t) = xyA(z, t) + xB(z, t) + 1 S ( z , t)y2 + N(z, t)y + n(z, t) 

(3.2) c(x, y, z, t) = 2 A(z, t)x2 + M(z, t)x + 1 F ( z , t)y2 + H(z, t)y + 0(z, t), 

where the functions R(z,t), A(z,t), B(z,t), S(z,t), Q(z,t), £(z,t),n(z,t) and6(z,t) 

satisfy the following relations: 

LA + MS - BF - 2Az - St = 0 , 

2Ft - Sz - NF + HS + RA = 0, 

Lt - Mz - nF + Ht - Nz + 6S + £A = 0, 

-0St - MHt + Fnt + RBt + SVz - 2A + LBz - 2BzH + NMz 

a 
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-2Set - 2BHz - 3MMz + BLz + 2BRt + 2A0z - 3A£t - 2Ltt 

+4Mzt - 2Bzz + gSz + NHt - NNz + MLt + 2hAz = 0, 

2£Az - 2RMt - 3Fr/z - 2HHt + 2HLt + 20Sz + RNt + NRt - S£t 

+2RBz + 2F6t - 2MRt + BRz + 2S0z + 2LHt - LNz + A£z 

-2HMz - 2nFz - nHF - nFL - ՀAH + ՀBF + 0NF + 0SL 

-£MS - dAR - 2Nzz + 4Hzt - 2Rtt = 0, 

nMR + iBH - N^t + 2£BZ - iMN + 0NL - 2£Mt - nHL - 0BR 

- 2M£t + Rnt + 2nRt + 2L0t + 20Lt + 2N0Z + B£z - LVz - 2Vz H 

(3.3) - 20Ht - 20Mz + 20Nz - 2nHz + 49zt - 2^zz - 2£tt = 0. 

Proof: Since a four-dimensional manifold is locally flat if and only if the Weyl 

tensor vanishes, we consider (3.1) as a system of PDEs. 

As regards the components of the Weyl tensor (3.1) we have 

W(dx,dy,dz, dt) = 

W(dx, dz, dx, dz) = 

1 
12  axx ՜ 

1 
77  axx + 6 

1 
՜ 6  c xy ՜ 
1 

66  c' xy  -

- - 2 b 
12  ;  

6  byy 

W (dx,dz ,dx,dt) = 
1 
4  cxx + 4  b xy = 0 

W (dx,dz ,dy ,dz ) = 
1 

- 4  axy + 
1 
4  cyy = 0 

W (dx,dz ,dy ,dt) = 
1 

- 2  cyx = 0 

W (dx,dt ,dx,dt) = - 2 bxx = 0 

W (dx,dt,dy ,dz ) = 
1 

- 3  cxy + 
1 1 

12 b y y + 12  a  

W (dx,dt,dy ,dt) = - 1 b + 4  b xy ՝ 
1 
4  cxx 0 

W(dx,dt,dz, dt) = 
4 a b x x  -

֊ 1 cb 4  c bxy - ձ ' 

W (dy ,dz ,dy ,dz ) = 
1 

- 2  ayy = 0 

1 2 x x 1 2 

0 

0 

1 1 1 
0 xx 
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W ( d y , dz , dy , dt) =  - - cyy + - axy -  y y -

W (dy, dz ,dz, dt) =12 aaxx + - caxy + - bayy - - ccyy - ^ acyx + ^ abyy = 0 

(3.4) W (dy, dt, dy, dt) = - 1 axx + - cxy - ^ byy = 0. 

The above equations imply 

cyx = 0 
bxx = 0 

ayy = 0 

byyx = 0 

byyy = 0 

cxx  =  byx 

ayx  =  cyy 

axx  =  - byy 

cyyy = 0. 

>From the first equation we have c(x, y, z, t) = c(x, z, t) + c.(y, z, t), and from the 

second equation b(x,y,z,t) = xM\(y,z,t) + N\(y,z,t), while the third equation we 

get a(x, y, z, t) = yFi(x, z, t) + G\(x, z, t). 

>From the fourth and fifth equations we conclude that Mi y y = 0 and Ni y y y = 0. 

Therefore M1 (y, z, t) = yA(z, t) + B(z,t) and 

Ni(y,z,t) = 2 S(z,t)y 2 + N (z,t)y + n(z,t), 

so, 

b(x, y, z, t) = xyA(z, t) + xB(z, t) + 2S(z, t)y2 + N(z, t)y + n(z, t). 

Since cyyy = 0, we have cyyy (y, z, t) = 0, therefore 

c(y,z,t) =  1F (z,t)y 2 + H (z,t)y + Ki(z,t). 

>From cxx = bxy, we have cxx(x, z,t) = A(z,t), hence, 

c(x,z,t) = 1 A(z,t)x 2 + M (z,t)x + N2(z,t), 

and 

c(x,y,z,t) = 2 A(z,t)x 2 + M (z,t)x + 1F (z, t)y2 + H(z,t)y + 0(z,t). 
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Since axx = -byy, we have yF1xx(x, z,t) + G1xx = -S(z, t), therefore F1xx = 0 and 

G1(x,z,t) = - 1 S(z,t)x 2 + L(z,t)x + £(z,t). 

By axy = F1x = cyy = F(z,t), we have F1(x, z,t) = F(z,t)x + R(z,t), so 

a(x, y, z, t) = F(z, t)xy + R(z, t)y - ^S(z, t)x2 + L(z, t)x + £(z, t). 

By sixth equation of (3.1) 
w =1 1 5 1 1 1 1 1 1 

W 1334 = -  axt  - -  czx  - 12  c cyx  - -  b cyy + -  cyt  - -  bzy  - 12  c axx + -  a byx + —  c byy = ° 

so from the above relations we get 

2yFt(z,t) + -Lt(z,t) - -xSt(z,t) - 2xAz(z,t) - 1 Mz(z,t) 

- 1 yN(z,t)F(z,t) - 1 xB(z,t)F(z,t) - 1 n(z,t)F(z,t) + ^Ht(z,t) 

- 1 Nz(z,t) - -ySz(z,t) + -xM(z,t)S(z,t) + 1 yH(z,t)S(z,t) 

+ 1 e(z,t)S (z,t) + 1 xL(z,t)A(z,t) + 1 yR(z,t)A(z,t) + - £(z,t)A(z,t) = 0, 

and 

W1334 =-y(2Ft(z,t) - Sz(z,t) - N(z,t)F(z,t) + H(z,t)S(z,t) 

+ R(z,t)A(z,t)) + - x(L(z,t)A(z,t) + M (z,t)S(z,t) 

- B(z,t)F(z,t) - 2Az(z,t) - St(z, t)) + Lt(z, t) - Mz(z,t) 

- n(z,t)F (z,t) + Ht(z, t) - Nz (z,t) + e(z,t)S(z,t) + £(z,t)A(z,t) = 0, 

implying the first three equations of (3.3). Similarly, from the fifteenth equation of 

(3.1) follow the first three equations of (3.3). 

By the last equation of (3.1) 

1 = - bcx ay - - bax cy + ^ abxOy - - acxby + ^ by cz + bxaz - - < 

1 b a a ֊ 1 b c a + 1 bcc ֊ 1 c b - 1 c c + 1 c b ֊ 1 c2b 12  b a axx 2  b c ayx T 2  b c cyy 2  cy  bz 2  c cyt T 2  c bzy —  c  byy 

-12 ֊ 1 b ֊ 1 ֊ 1 b + 1 + 1 b +2 2 —  c  axx 2  a c byx 2  c czx 2  b czy + 2  a c cxx + 3  b a cyx + 3  c  cyx 

1 1, 1,2 1 , 1 2 j 1 , , 
-2 acxt + 2 bayt - - b ayy + 2 abzx + czt - - a bxx - ^շ babyy 

1 Հ 1 1 , 1 , 1 1, 
+ 77 caxt - ֊ bzz - 7 ; att + 7 caxby - - cbxay + - axc - - by at 
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+ 7 ay bt - 2 cx at = 0, 

x 3 -ASt - - LA2 + AAz + ֊ ABF - - SMA) + x2[ - MSt + 2BFt 

1 b 1 
4  ay b t - 2 

implying 
1 1 1 1 
-ASt - - L A 2 + AAz + 
2  t 2  z 2 

+ NAz + 1 A B R - 1 S M N - 2LAN + 1 S B H - 0AS + /AF - LAt - AHt 

- 2ALt - £ A 2 - SMt + AMz + FBt + ANZ + Stt + 2Azt - 1 S z B + 1 StN 

+ x ( - 20St - 0NS - 0BF + /AR + 0AL + /MF + r/HS - ՀMA - £AN 

+ 2/Ft - 2MHt + F/t + RBt + S/z - 2£At + LBZ - 2BZ H + 2NMZ 

- 2S0t - NLt + 2MNZ - 2BHZ - 2MMZ + BLZ + 2BRt + 2A0Z - 3A£t 

- 2Ltt + 4Mzt - 2Bzz) + y 3 ( 2 S H F - 1NF2 + 2RAF - 1 F S Z + FF^j 

+ y2 - FMz + 2RAz - / F 2 + FHt + LFt + FLt + ARZ - 2FNZ - 1LSZ 

+ 2 RSt - NFz + SHz + Sz H + 0SF + 1 S H L - 1 NFL + £AF + 2 RBF 

- 1RMC + 2Fzt - Szz^j + y ( 2 A - 2RMt - 3F/z - 2HHt + 2HLt + 20SZ 

+ RNt + NRt - S£t + 2RBZ + 2F0t - 2MRt + BRZ + 2S0Z + 2LHt 

- LNZ + Aiz - 2HMZ - 2/Fz - /HF - /FL - ՀAH + ՀBF + 0NF + 0SL 

- MS - 0AR - 2Nzz + 4Hzt - 2Rtt) + xy(-0S 2 + ALZ + SNZ + FNt 

- BFZ - 2AZ H + 2MSZ - 2MFt + LAZ + NFt - 2SHt - 2HSt - ARt - SLt 

- FBZ - RAt + 2SMZ + FMN + /FS - FBH - fAS - RMA + LAH 

- 2Ftt - 2Azz) + xy2 (2 SSZ - 1 FSt - SFt - FAZ - 1 S 2 H - 2 F2B 

+ 1LAF - 2RAS + 1FMS + 2NFS^j + x2y(^ - 2SAH + SAZ + 1 SSt 

- AFt - 2S 2M + 2ASz - 1RA2 + 2SBF - 2LAS + 2FAN^j + /MR 

+ iBH - Nit + 2£BZ - iMN + 0NL - 2£Mt - ГHL - 0BR - 2M£t + R/t 

+ 2/Rt + 2L0t + 20Lt + 2N0Z + Biz - L/z - 2/z H - 20Ht - 20MZ + 20NZ 

- 2/Hz + 40zt - 2/zz - 2itt = 0, 

from where, the three equations of (3.3) follow. 
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Definit ion 2. Let Ric and Sc denote Ricci tensor and scalar curvature of ( M , g ) , 

defined by Ric = trace {Z ^ R(X, Z)Y} and Sc = trace Ric, respectively. 

L e m m a 1. The scalar curvature of a Walker metric (1.1) is given by 

( 3 . 5 )  S c = byy +  axx +  2 cxy 

Proof: The nonzero components of the Ricci tensor of any Walker metric (1.1) are 

as follows 

Ric(Xi,X3) = շ axx + շ cxy 

Ric(Xi, X4) =-cxx + 2bxy 

xx 

1 cxx + 2 
2  x x 2 

Ric(X2,X3) = - axy + - cyy 

Ric(X2, X4) = - cxy + 2 byy 

Ric(X3, X I ) = Շaxx + 2cxy 

Ric(X3, X2) = 2 a x y + 2cyy 

xy 

1 cxy 2  x y 2 

1 1 
2 a x x + 2 ՛ 
1 1 
2  a' x y + 2՛ 
1 , 2 a 

^^xy +  a axx +  b ayy +  ay  by  2 ayt +  ax cy R i c ( X 3 , X ^ = \ { 2 c a x y + a a x x + b a y y + a y by - 2 a y t + 

ay  cx +  2 czy  cy 

Ric(X3, X4) = 2 ( atx - aybx + byz + acxx + 2ccxy - cxz + bcyy - cyt + c^Oy 

Ric(X4,Xi) = -cxx + 2 bxy 

Ric(X4, X2) = շcxy + 2byy 

2 cxx + h 2  x x 2 

2 Cxy + 21 2  x y 2 

R i c X  X3 ) = 2 aacxx+2ccxy+a tx - c x z + c x c y + b c y y - c y t - a y b x + 

R i c ( X 4 ՛ X 4 ) = 2 ( - 2 b z x + a x b x + c b x y + c b x x + b b y y + 2 c x t  -  c x  -  b x c y + c x b y ) 

The equations expressing the components of the curvature tensor ensure that the 

Ricci operator (Ric(X),Y) = Ric(X,Y) satisfies 

R i c ( d x ) I 2 axx + 2 c x y )dx + 1 2 axy + 2 cyy )dy 
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Ric(dy ) — ( շ axy + շ Cyy I  dx + ( շ  cxy + շ byy jdy 

m c ^ ) = 1 + a a x x + b a y y + a y b y ֊ 2 a y t + a x C y ֊ a y c x + ^ ֊ 4 ) d x 

+ դ (  atx  ay bx +  byz +  a cxx +  2 c cxy  cxz +  b cyy  cyt +  cx cy 1  dy 

, i 1 b i 1 \ բ 
+ l շ  axx + շ  cxy I  dz շ  axy + շ  cyy Jdt 

R i c ( d t ) շ I  a cxx +  2 c cxy +  atx  cxz +  cx cy +  b cyy  cyt  ay  bx +  byz )  dx 

2 bzx +  ax bx +  c bxy +  c bxx +  b byy +  2 cxt  cx  bx cy +  cx by 1  dy 

1 
2 
1 2 

+  cxx + i  bx^^ dz +  axx + i  cx^j  dt-

Now the result follows by a straightforward calculation. 

R e m a r k 1. It follows from Lemma, 1 that any locally conformal flat Walker metric 
has vanishing scaler curvature. 

Hence we come to semi-Riemannian manifolds with harmonic curvature (cf. [7]). 
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