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Abstract

An 8—dimensional Walker manifold (M, g) is a strict walker manifold if we can choose a coordinate
system {x1, w2, %3, x4, 5,26, x7,28} on (M,g) such that any function f on the manfold (M,g),
f(z1, 2, w3, T4, x5, 6, x7,08) = f(ws5,T6,77,28). In this work, we define a Non-strict eight
dimensional walker manifold as the one that we can choose the coordinate system such that for
any f in (M, g), f(z1, 22, x3, 24,25, T6, T7,28) = f(x1,22, T3, 24). We derive cononical form of the
Levi-Civita connection, curvature operator, (0,4)-curvature tansor, the Ricci tensor, Weyl tensor
and study some of the properties associated with the class of Non-strict 8 — dimensional Walker
manifold. We investigate the Einstein property and establish a theorem for the metric to be locally
conformally flat.
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1 Introduction

Walker 2n—manifold is a pseudo-Riemannian manifold which admit a non-trivial parallel null
r—plane field with 7 < n. Walker 2n-manifold is applicable in physics. Lorentzian Walker manifolds
have been studied extensively in physics since they constitute the background metric of the pp-wave
models. A pp-wave spacetime admits a covariantly constant null vector field U [1].

The study of the curvature properties of a given class of Pseudo-Riemannian manifolds is important
to our knowledge of these spaces. They are use to exemplify some of the main differences between
the geometry of Riemannian manifolds and the geometry of pseudo-Riemannian manifolds and
thereby illustrate phenomena in pseudo-Riemannian geometry that are quite different from those
which occur in Riemannian geometry. See [2], [3],[4],[5],[6] for more on walker manifolds. The
theory of Walker manifolds is outlined in [7]. The authors treated hypersurfaces with nilpotent
shape operators, locally conformally flat metrics with nilpotent Ricci operator, degenerate pseudo-
Riemannian homogeneous structures, para-Kaehler structures, and 2-step nilpotent Lie groups with
degenerate center. The curvature properties of a large class of 4—dimensional Walker metrics are
treated in [8] and Several interesting examples are given. In particular as regards local symmetry,
conformal flatness and Einstein-like metrics. There are several and interesting studies in pseudo-
Riemannian manifolds. Some examples in this direction may be found in [9], [10], [11],[12], [13]
[14] and references therein. Recall that a Walker metric is said to be Einstein Walker metric if
its Ricci tensor is a scalar multiple of the metric at each point. 4—dimensional Einstein Walker
manifolds form the underling structure of many geometric and physical models such as; hh—space
in general relativity, pp—wave model and other areas, for example, [14] and references therein. In
[15], the geometric properties of some curvature tensors of an 8—dimensional Walker manifold
are investigated, theorems for the metric to be Einstein, locally conformally flat and for the
8—dimensional manifold to admit a Kahler structure are given.

We want to extent this study to a canonical form for a Non-strict eight dimensional walker manifold.
We derive the (0, 4)-curvature tansor, the Ricci tensor, Weyl tensor and study some of the properties
associated with a class of Non-strict 8 — dimensionalWalker manifold. We investigate the Einstein
property and establish a theorem for the metric to be locally conformally flat.

A 2n—dimensional pseudo-Riemannian manifold M admitting a parallel field of null n—dimensional
planes D is given by the metric tensor:
0 Id,
Id, B

where Id, is the n X n identity matrix and B is a symmetric n X n matrix whose entries are functions
of the coordinates (z1, ..., T2n).

In particular, we want to work on an eight dimensional walker manifold M admitting a parallel
field of null 4—dimensional planes D given by the metric tensor:

(0 Ids
gij = ( Idy B ) (1'1)
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Where 0 is a zero 4 x 4 matrix, Ids is a 4 x 4 identity matrix, and B is a 4 X 4 symmetric matrix
whose coefficients are functions of (z1,x2, %3, T4, x5, Te, T7, Tg) defined as follows;

0 0 0 O 10 0 O a b 0 0
0 0 0 O 01 0 O b 0 0 O
0= 0 0 0 O > Tdn = 0 01 0 B = 0 0 b ¢
0 0 0 O 0 0 0 1 0 0 ¢ O

for an arbitrary smooth functions a = a(z1, z2, x3, x4, Ts5, Ts, T7, Ts), b = b(x1, T2, T3, T4, T5, Te, T7, T8),
and ¢ = ¢(z1, z2, T3, T4, Ts5, Te, L7, Ts), defined on an open subset U of RS.

We use the following equation:

8
1 . .
rs=> 59“(82'911 +0j9u — Dugij) ik, j=1-8 (1.2)

=1

to obtain the non-vanishing components of the Christoffel symbols F of the Levi-Civita connection
of the Walker metric (1.1) as follows:

b 1 b 1
55 = %(31@ +5(820) + 5(35a), T3 = 5 (01a) + 5(205b — Bea),
b —1 -1
T = 5(8361) + 5(840) + 7(370% Tgs = %(3361) + 7(3865)7
—1 -1 —1 —1
F§5 = ?(&a), ng = 7(8261), Fg5 = 7(330)7 Fgf’) = 7(340‘)7

b 1 b b -1
Dl = 5 (010) + 5(0b) + 5 (O6a), T =2 (0ab), T = 2 (0ub) + 5 (9ub) + —- (0rb),

-1 -1 -1 -
Ti = g(&;b) + ?(385)7 I3 = 7(8117)7 IS = 7(8217)7 Ii; = 7( 3b),
—1 1 1 1 1
IS = 7(345), Ty = 5(37507 ri, = 5(8717)7 ri, = 5(855): T, = 5(850)
1 1 1 1 1
Fés = 5(88@7 ng = 5(8sb)> ng = 5(850), F(156 = 5(236b)> F€157 = 5(375),
1 1 1 1
I‘27 = 5(665)7 Fé7 = 5(660)7 Fés = 5(885)7 ng = 5(660)7
b —1 —1
Tl = $(010) + 5(0a) + 5 (05D), T3 = 2(0ub) + - (9)
b 1
s, = 2 (@sb) + (a4b) 5(a7b), I, = i(agb) + 5(237c — gb),
-1 - -1 -1
F?’? = 7(816)7 F$7 = T(azb% F;7 = 7(831))5 F§7 = 7(a4b)7
b -1 b -1
Tl = %(810) 5(020) + 5 (95¢) T = 2 (10) + - (c),
: b 1 —1
T = 5(050) + 5 (0s0) + 5(06b). Ths = 5(050). Ths = 5-(dhe),
—1 —1 -1 1
I = ?(320)7 I'7s = (830) % = 7(840), Igs = 5(2380)-

We denote by V the Levi Civita connection of a pseudo-Riemannian metric (1.1) and by R its
curvature tensor, taken with the sign convention;

8
Vo, 05 =Y Tk
k

R(X,Y)=[Vx,Vy] - Vix,y] (1.3)
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From equations (1.3), after a long but straight forward calculations we obtained the following results:

Lemma 1.1. The Non-zero components of the Levi-Civita connection of a Walker metric (1.1) are
given by

b 1 b 1 1 b
Vo, 05 :(gala + S0aa+ 505001 + (010 + 5205b — 506a)ds + (5 0aa + gaw
—1

—1 -1 —1 —1

+ 5 0ra)ds + (gaga + 5 0s0)0s + (-010)s + (- 020)06 + (5-0s0)r
-1

+ (78411)887

b b

2 2
c -1 -1 -1 -1 -1

Vs =a0ub+ Sdb+ 0600 + (30uD)0s + (30sb+ SOub+ - rb)s

Vo, 0r :(%am)al + (%a7b)a2 + (%asb)ag n (%850)84,

Vo, 0 :(%aga)al + (%agb)a2 + (%asc)ag, Vo, 05 = (%28617)81,

Vosdh =(30D)0 + (5060)05 + (& (o), Vo, ds = (LO0)1 + (1 oc)s,

Vordh =(oub+ Sanb+ Lostyon + (Cow+ Lasbas + (Lasp+ Soub+ Lonn)as
+(Sosb+ %zaw - %agb)&l + (%alb)a% + (_7182b)86 + (%agb)& + (‘716419)68,

Vords =(01c+ Sdac+ S s)dh + (3010) + S 06)d + (30sc+ Sduc+ 3 Osb)0y
(S50 + (5010005 + (502006 + (5 030)0n + (- ac)s,

1
Vas 88 :E (2886) 63 .

2 Non-strict Eight Dimensional Walker Manifold

In this section we define a Non-strict eight dimensional walker manifold as the one we can choose a
coordinate system {z1, x2, 3, z4, Ts5, Ts, T7, Ts } such that the functions a,b and ¢ are independend

of the variables x5, x6, x7 and g, that we mean g—; =0, % =0, and a(sz =0 fori,j,k=5,6,7,8.
Here we let BBTZ = a,, %"j = b, aaTck = ¢, for ¢, j,k = 1—4 and let (1.1) be an eight dimensional Non-

strict walker metric. We obtain the cononical form of the Levi-Civita connection, (0, 4)-curvature
tensor, Ricci tensor, Weyl conformal curvature tensor and study some of the properties associated
with the class of Non-strict 8 — dimensional Walker manifold.

Proposition 2.1. The Non-zero components of the Levi- Civita connections of the eight dimensional
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Non-strict walker metric (1.1) are as follows:

aal bas ba bas cay

Vo0 =(—~ + 7)1 + =02 + (5~ + =)0
+ (60‘73)64 - %as - %86 - %37 - %88,
Vosdo =( + %201 + ()05 + (22 1 )y
(5101 = ()05 — (22 — (2)0r — (20,
Vordr =( + 2201 + ()0, + (22 1 )
(5101~ ()05 — (22 — ()00 — (20
Vords =% + 22101 + (P10, + (2 4 o
+ (%)34 - (%)35 - (%2)56 - (%3)37 - (%4)3&
Proof. This is obtained from the Lemma (1.1). O

Using the proposition (2.1), the following is now immediate:

Lemma 2.1. The Non-zero components of the curvature operator of the eight dimensional Non-
strict walker metric (1.1) are given by;

b b b
R(3s,06)05 = (% — 5)Vay06 — 5 Vagds, R(05,06)0 = = Vo, s,
b b
R(35,0:)95 = %va@ + %wﬁ& R(35,07)36 = 5 Vo, 07 + = Vo, 5,
b b
R(9s5,07)0r = = Vo, 05 = = Voyds,  R(05,00)s = f%vaﬂ, - %va5as,
R(Ds, 0)05 = % Vo,0r, R(35,06)06 = 2 Voudr, R(Ds, 06)0r = 2V, 05 — 2V, 0,
b3 by b1 C1
R(06,07)05 = Evaﬂ% + Evaﬁs, R(0s,07)07 = f?Vasaa R(06,07)0s = *Evaeas,
b
R(06,08)05 = gvasam R(06,08)07 = *%Va@»a&

b
R(07,08)07 = —%Vaﬂ% — %Va738 + gvasam R(07,08)08 = %Vag&

From Lemma (2.1), we can now determine all the (0, 4)-curvature tensors R(X,Y, Z, W) = g(R(X,Y)Z, W)
with respect to 0;. From a long but routine calculations, we obtain the following results;

Theorem 2.2. The nonzero components of the (0,4)-curvature tensor of the eight dimensional
Non-strict walker metric (1.1) are given by:
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R(65706785,81) =

R(a5>06785,83) =

R(8s,86,06,01) = —

R(8s, 86,06, 03) =
R(95,07,05,01) =
R(05,07,05,03) =
R(95,07,06,01) =
R(Ds,07,06,03) =
R(ds,87,07,01) =
R(s,87,07,03) =
R(05,07,08,01) =
R(0s,07,05,03) =
R(0s,0s,05,01) =
R(s,85,05,03) =
R(D5,05,06,01) =
R(8s5, 85,06, 05) =
R(8s,0s,07,01) =
R(8s,8s,07,05) =
R(8s,07,05,01) =
R(96,07,05,03) =
R(6,07,07,01) =
R(96,07,07,03) =
R(96,07,05,01) =
R(ds,87,08,03) =
R(s,8s,05,01) =
R(96,0s,05,03) =

R(86788787,81) =

b14b2 3 a14b1 a14b1 _ bl4b27 R(Ds,06,05,0,) = b24(>2 B a14b2 a24b1,

b24b3 B a14b3 as;fn’ R(05,06,05,04) = b24b4 3 a14b4 a44617
%, R(0s5,06,06,02) = _%7

_b14b37 R(8s, 86, 06, 04) = _b14b4,

_azbl B aifl’ R(8s,87,05,02) = _asz B a1627

_a34b3 B a1037 R(Ds,07,05,04) = _a1b4 B azc47

_b?% - b‘ﬂ% R(Ds,07,06,02) = _br% B b%

_% - b‘% R(05,07,06,04) = _b% _ b%

bljl + %7 R(05,07,07,02) = blf2 %’

bljg %7 R(0s5,07,07,04) = blf4 %’

014611 %, R(05,07,0s,0:2) = C1Z2 %’

leg + %, R(05,07,0s,04) = 0154 " %’

_a1617 R(s,8s,05,0) = _a34cQ7

_QZCS’ R(s,85,05,0s) = _a34c47

_b34617 R(0s, 05,06, 02) = _b34CQ’

_b??%, R(0s,0s,06,04) = _532%7

cljl 624517 R(05,08,07,0:) = 01;2 62527

Cl4a3 02537 R(Ds, 0, 07,04) = 01;4 czf47

_b34b1 _ b44017 R(06, 07,05, 02) = _b34bz B 544027

_bi% B bf%? R(86,07,05,04) = _b34b4 _ 544047

171%7 R(8s,87,07,02) = %7

%, R(8s,87,07,04) = %7

cl%, R(86,07,0s,02) = %’

C%, R(86,07,05,04) = %’

J’%, R(as,ag,amaz):,bs%

Jk’%, R(as,ag,a5,a4):,b%,

014&’ R(06, 05, 07,02) = %
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R(Ds, 05, 0r, 05) = 2 R(Ds, 05, 0n, 01) = 2,

R(Dr,08,07,01) = % + 22 - b‘% R(0r,05,01,02) = C‘% + 2 - b%
R(6r. 35, 0r. 3) — % L l’% R(8r, 05,07, 04) = C?’% +22 b:‘%
R(0r, 05,05, 01) = ==, R(0r,05,05,02) = =2,

R(Dr, 0s, 05, 05) = — 2 R(0y, 04, 05,00) = — 2L

The Ricci tensor is defined as Ric(z,y) = trace{z — R(X,Z)Y} and so from theorem (2.2) using
the equation;

8
Rice(X,Y) =Y g“"R(X,0;,0;,Y),
ij=1
we have the following results:

Theorem 2.3. The Non-zero components of the Ricci tensor of the eight dimensional Non-strict
walker metric (1.1) are:

ail b2 a2 b1 b% as b3 a4Cs ascCaq

Rice(d5,05) = == = == =5 + =5 2> T2

. _ b2b1 b% b4C3 b3C4 . _ (13b1 a4cCi b2b3 b462
Ricc(05,06) = 5 + 5 2 + 5 Ricc(0s,07) = —( 5 4 5 + 5 + 5 ),

2
Rice(0s,05) = — (22 1 2392y picc(06,06) = =2, Rice(ds,07) = — 103 _ ciba
2 2 2 2 2

. _ C1b3 . _ b2b1 b2b1 b1a1 63b4 Ci b364
Ricc(06,0s) = 5 Rice(07,07) = 5 + 5 + 3 ( 5 5 5 ),

. _ aici blcz b261 C3C4q . o C%
Ricc(07,0s) = 5 + 5 + 3 + 5 Ricc(0s, 0s) = 5

Let 7 denote the scalar curvature of the Non-strict walker metric (1.1). We define the scalar
curvature by the equation

8
T= Z g" Rice(i, j)
i,j=1
Thus, we have the following result;

Theorem 2.4. The eight dimensional Non-strict walker metric (1.1) has zero scalar curvature.

Proof. Observe that the metric (1.1) is of the form

00001000 “a -b 0 0 10 0 0
00 0O0O0T1TU00 5 0 0 0 0 1 0 0
00 0O0O0UO0T10 0 0 —b — 0 0 1 0
00 00O0GO0O0 1 dai_ | 0 0 — 0 0001
95 =11 000 a b oo |*™9 T 1 0o 0o 0 0000 ]|
0100Db 000 0O 1 0 0 00 0 0
001000 b ¢ 0O 0 1 0 00 0 0
000100 ¢ 0 0O 0 0 1 00 0 0

where ¢% is the inverse of the metric gij. From the equation 7 = ijzl ginicc(Lj) and theorem

(2.3) we observe that Ricc(ij) =0 for 4,5 = 1,2,3,4 and ¢ =0 for 4,5 = 5,6,7,8. Thus 7 = 0 for
alli,j=1,2,..,8. O
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Definition 2.1. A Walker metric is said to be Einstein Walker metric if its Ricci tensor is a scalar
multiple of the metric at each point.

This definition implies that the eight dimensional nonstrict walker metric (1.1) is an Einstein Walker
metric if there is a constant p so that Ricc = pg. The Schouten tensor Cj; is define by the equation
Cij = Rice(ij) — @m—1 %~ Thus we have the follwing;

Theorem 2.5. The eight dimensional Non-strict walker metric (1.1) is not Einstein.

Proof. Since Schouten equation is given by Ci; = Ric(i, j) — @m-1y9i; and from theorem (2.4) the
scalar curvature 7 = 0. Therefore, Cs; = Ric(4, j) and the result follows. O

The Weyl conformal curvature tensor 20 is defined by the equation

+ ﬁ{mec(x Z)g(X,W) — Rice(X, Z)g(Y,W) — Ricc(Y,W)g(X, Z)
— Rice(X,W)g(Y, Z)}. (2.1)

Since the Scalar curvature 7 = 0, for the eight dimensional Non-strict metric (1.1), the Weyl
conformal curvature tensor 20 becomes

WX, Y, Z,W) =R, Y, 2, W) + — {p(Y, 2)g (X, W) = (X, Z2)g(Y, W)
- p(Y, W)g(Xv Z) + p(X, W)g(Y'v Z)}

Lemma 2.6. The Non-zero components of the Weyl conformal tensor of the eight dimensional
Non-strict walker metric (1.1) is given by;
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(05, 96, 05, 01) =
(05, 96, 05, 02) =
(s, B, D5, B3) =
(s, B, e, O1) =
(05, s, 06, 03) = —
W(0s,07,05,01) =
(s, 7,05, 02) = —
W (85, D7, 05, 03) = —
(s, 7,05, 04) = —
(05, 97, 0, D2) =
(05, 97, 0, Os) =
W (D5, 07,07,01) =
W (D5, 07, 07,02) =
W (D5, 07,07,04) =
(05, D7, 0s, Do) =

m(857 87, 887 84) =

QH(af)788785781) = -
m](85788785783) = -

(05, 0s, 05, 04) =

2I](05788786>01) - -

2I](65788786>64) - -

b1b2 1 b2b1 b3 b4C3 bgC4
e + = { + = 5 + D) + +
b2b2 o CL1b2 azb1 7{ (a1b2 o a2b1 . @ CL3b3 a4Cs a304)}
4 4 2 2 2 2 2 ’
babs  aibs agbl _ babs  arbs | asbs
Ti 4 4 ) m(85766,85,a4)— 4 4 4 ?
b1, b bibo baby b3 bics | bsca
*ZﬁLé{*E}, Qﬁ(@s,@a,@a,@z) *T*F { ( +5+T+T)}’
b1b3 o b1b4
T7 i’n(a5aaﬁ7aﬁ’a4) == 4 )
asb; a4cl a3b1 4 e babs | baco
B el A 2 T T b
a3b2 - a4cC2
4 4’
a3b3 - a4Cs3 l{i(aﬂ)z . a2b1 - ﬁ a3b3 a4cCs a304)}
4 4 6 2 2 2 2 2 2 ’
asb asc bsb bac b1b c1b
14_ 147 QH((957(9'778(3781) _%_2 ~ _ﬁ_% ’
b3b2 b462 _ b3b3 b4C3 1 b2b1 b3 b403 b364
1 (05, 07, 06, 03) = — 7 4 6{—( 5 To Tt b
_b3b4 _ b4C4
4 4’
biax b2b1 1{be1 babi | biar _ esbs g bsca )y
4 2 2 2 2 2 ’
b1a2 b2b2 _ b1a3 b2b5 CL3b1 a4Cy1 bed b462
TR 20(0s, 07, 07,03) = T T 1 ts {( =t 5 )}
b1a4 b2b4 _ Cc1a1 Czbl 1 (1101 b162 b261 C3C4
4 + 4 ) QI](857(97768781) - 4 { 2 + P 2 })
ciaz | c2bo _ a3 62b3 1 asc1 | bsca
4 4 ) Qﬂ(85787788783) - 4 + 4 6 2 2 }7
Cci1Q4 62b4
4 + 4’
asct | 1 aszc1 | bzco _asc
1 6{_( 3 T)}’ (05, D5, 05, 02) = — 1
ascs
4 )
(1364 7{ (ale _azbr @ aszbs  ascs (l364)}
2 2 2 2 2 ’
bSCl Clb3 bSCQ bgCg
T TG {— Y, 2W(0s,08,06,02) = — 7 25(0s, 05, Fs, 03) = Rt
b 1 b b b3 b b
3404 +6{ ( 201 +j+ 4C3 + 3264)}7
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(85,88,87781) - au % 1{(1101 bica + bzﬁ 0304}
4 2 2
b b
(05, 05,00, 02) = “F + 2, (05,05, 00,05) = P+ 2
%(65,83,87764) = 6154 % {(a3b1 CL4261 b22b3 b4262)}7
bsb b
W (Ds, O7,05,01) = _% _ 4T617
bsb b b b b b
(9s,07,05,02) = _% _ 4762 7{ (a3 1 a4cl ;. bebs 4202)}7
_bsbs b463 1 baby b§ b403 bscs
QU(86787785783) 1 1 —+ 6{ ( 5 + 5 + 5 5 )}7
bsb b bib
(0, 07,05, 00) = == = . W, 0r,0n,00) = =,
bl b2 1 b2b1 b2b1 blal C3b4 6421 b364
QB(86787,87782) == { 5 5 ( 5 5 5 )}7
b b b b b bib
m(86’a7,a7783) - 143 *ts { ( o t 6124)}’ QI](667(97767784) = 1447

(0, 07, 0s,01) = Clb17 QU(36737788,32) = Clb?‘ 1{‘1101 bicz | baca 0364}7

4 2 + 2 + 2
b 1 b b
(0, 97, 0s, 03) = 0143 6 6123}7 QU(86787788784) = 61447
bsc1 bsca a3c1 bsca
(D, O, 05, 01) = — 2L (A, O, 05, 00) = — 22 - (UL D)y,
b b b b LB b b
QU(86788785,83) = _3T037 Qﬂ(aﬁ,38735784) 304 7{_ 201 23 4203 3204}7
b b 1 b b
(e, O3, 07, 01) = 0141, 05(0s, Os, 07, 02) = 0142 41 {GICI 1202 n 2261 n 03204}’
b b bibs | cib
0 (Ds, 0, 07,03) = 0143’ W (s, Ds, B, 0) — 01 e L { ( 1b3 Cl 4)}7
b b b b
w(67’88767’61):%+%_%617 w(37,58,57,32):%+%—37027
200(07, 08, 07,03) = % % _ bii% I (1; e | lhj n sz 63204 7
W(37, 05, 08, 01) = %, m(ahas,as,%) = 7034&,
W (or, 05,05, 09) =~ 4 LDy o, 00, 00,00) = -

Definition 2.2. A pseudo-Riemannian manifold is locally conformally flat if and only if its Weyl
tensor vanishes.
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Theorem 2.7. The eight dimensional Non-strict walker metric (1.1) is locally conformally flat if
and only if the functions a,b and c are constants or they satisfy the partial differential equation

b1b2 b§ bacs baca _ b% a1bs asb1 asbs ascs ascs
5 Tt T T3 3 T3 2 ;g T3 =0
bab3 a1bs asby _ baby ai1by asby - b% _
i "4 T 70 4 g~ 3 =0
_ blbz _ ﬁ _ b403 _ b3(34 -0 _blbg —0 _b1b4 -0 _asbl _ ascCi _ b2b3 _ b402 -0
3 12 12 12 7 4 7 4 7 3 3 2 2 7
_agby  ascr 0 _asbs  ascs  aibs n azb1 n @ _ascy _ _asbs  ascs
4 4 7 3 3 12 12 12 12 7 4 4 7
_bsbi buer 0 _bsbz  bucz _ 0 _@ _ bacg  babi bsca 0 _bsbs bacs 0
4 4 7 4 4 7 3 3 2 2 4 4 7
b1a1 5b2b1 . Cgb4 . é + b304 _ 07 b1a2 beQ _ 07 b1a3 b2b3 + a4C1 b4C2 _ 07
3 12 2 2 2 4 4 3 12 12
bias | baby _ cia1 | cebr | becr | cgea ciaz | caby cias | cabs
y Ty 7Y oyttt Tt Tt =0 g O
C1Q4 Czb4 o ascCi b302 o aszcz o ascs o
i T 0 3 7 ;=0 ;0
_ aszCq _ a1b2 azbl + g . a3b3 _ a4C3 -0
3 12 12 12 12 2 7
b301 b302 b303 b304 b2b1 b3 b463
3 0, 4 0, 4 0, 3 2 2 2 0,
ci1a1 Cle b261 C3C4q -0 c1a2 Cng -0 ci1as 62b3 -0
3 3 12 12 ’ 4 4 7 4 4 7
104 c2by n azbi | babs _ 0, _babi baci _ 0, _bsby  bacz  azbi  asci _ 7
3 3 12 12 4 4 3 3 12 12
_ @ _ b403 _ bzbl _ b3C4} _ O, _b3b4 _ b4C4 _ 07 _ b1b1 _ 07
3 3 12 12 4 4 4
5b1b2 b1CL1 _ 03b4 _ é b304 _ O blbg _ Clb4) _ 0 b1b4 _ 0 Clbl _ 0
12 12 12 12 12 7 3 277 4 7 4 7
Cle alcy b102 C3C4 _ C1b3 _ Clb4 _ bgcl _ b362 ascCi _
5 T2t Tt =% 3 =0 =0 g =0 3 3 — O
b3C3 _ b3C4 b2b1 b% b403 _ Clbl _ C1b2 aicy b162 C3C4q _
g =0 3 2 12 1z % g =% 2 1 2 =0
Clb3 -0 61b4 o (b1b3 _ 63b1 C4C1 o b3Cl -0 Cgbz CqC2 o bgcg -0
4 77 3 12 7 4 4 4 77 4 4 4 7
C4C3 + aicCy + b162 + bQCl _ 63b4 é o b364 . b2b1 - b2b1 o b1a1 _
3 12 12 2 7 3 3 3 12 12 12 7
2
C3C1 _ _6362 _ _673 _ _C3C4 _
=0, 1 0, 3 0, 1 0.

Proof. From Lemma (2.6), if a,b and c¢ are constans, then 20(9;,0;,0k,0;) = 0 for all 4,5,k =
5,6,7,8and [ =1,2,3,4 O
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3 Conclusion

The independency of the Ricci tensor on the variables {z1, 22,23, 24} is a common feature of the
Non-strict walker metric as seen in theorem (2.3). This results to a zero scalar curvature of the
metric as shown in (2.4). The zero scalar curvature also lead to a non Einstein property of the
metric. If the associated functions a, b, ¢ are constants then the Non-strict walker metric is locally
conformaly flat. There are many more properties associated with the Non-strict walker metric that
need to be explored.
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