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SOME GEOMETRIC PROPERTIES OF A FAMILY
WALKER METRIC ON AN EIGHT-DIMENSIONAL
MANIFOLDS

SILAS LONGWAP AND ABDOUL SALAM DIALLO

ABSTRACT. A pseudo-Riemannian manifold which admits a
field of parallel null r-planes, with » < 7 is a Walker manifold.
A. G. Walker in [18] investigated the canonical forms of the
metrics and came out with some interesting results. Of special
interest are the even-dimensional Walker manifolds (n = 2m)
with fields of parallel null planes of half dimension (r = m). In
this paper, we consider a particular eight-dimensional Walker
manifold, derive and investigate some geometric properties of
the curvature tensors of the manifold. We give some theorems
for the metric to be Einstein and locally conformally flat.

Keywords and phrases: Einstein manifolds, locally conformally
flats; Walker metrics.
2010 Mathematical Subject Classification: A80

1. INTRODUCTION

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 Rie-
mannian 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.

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

The theory of Walker manifolds is outlined in [2]. 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 [3] and several inter-
esting examples are given (see [4, 5, 9, 10, 11, 12] and references therein).
The Walker 6-dimensional Walker metrics was also considered in ([6, 7]).

There are few studies in the class of 8-dimensional Walker metrics man-
ifolds. Some examples in this direction may be found in [8, 13] and
references therein. In [8], 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 Kéhler structure are given. We want
to extent this study to a canonical form for a non-strict eight dimen-
sional walker manifold. We derive the (0,4)-curvature tensor, the Ricci
tensor, Weyl tensor and study some of the properties associated with a
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.

The paper is organized as follows. In Section 2, we will give the canonical
form of Walker metrics and some theorems associated with it. One spe-
cific family of Walker metric of 8-dimensional manifolds is investigated
in Section 3. We find the form of the defining functions that makes those
metrics similar to Einstein and locally conformally flat metrics.

2. THE CANONICAL FORM OF WALKER METRICS

Let M be a pseudo-Riemannian manifold of signature (m,m). We sup-
pose given a splitting of the tangent bundle in the form TM = D & D,
where D; and Dy are smooth subbundles which are called distributions.
This define two complementary projection m; and we of T'M onto D; and
Ds. We say that D; is parallel distribution if Vm; = 0. Equivalently
this means that if X7 is any smooth vector field taking values in D1,
then VX7 again takes values in D;. If M is Riemannian, we can take
Dy = Df to be the orthogonal complement of D; and in that case Ds is
again parallel. In the pseudo-Riemannian setting, D; N D2 need not be
trivial. We say that D; is a null parallel distribution if it is parallel and
the metric restricted to D; vanish identically.
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Walker [18] studied pseudo-Riemannian manifolds (M, g) with a parallel
field of null planes D and derived a canonical form. Motivated by this
seminal work, one says that a pseudo-Riemannian manifold M which ad-
mits a null parallel (i.e., degenerate) distribution D is a Walker manifold.

It is known that Walker metrics have served as a powerful tool for con-
structing interesting indefinite metrics which exhibit various aspects of
geometric properties not given by any positive definite metrics. Among
these, the significant Walker manifolds are the examples of the non-
symmetric and non-homogeneous Osserman manifolds [2].

Canonical forms were known previously for parallel non-degenerate dis-
tributions. In this case, the metric tensor, in matrix notation, expresses

in canonical form as
A 0
@ =(o B ) 1)

where A is a symmetric r X r matrix whose coefficients are functions
of (u1,...,u,) and B is a symmetric (n — r) x (n — r) matrix whose
coefficients are functions of (u,y1,...,uy). Here n is the dimension of
M and r is the dimension of the distribution D. We will refer [2] for the
proof of the following theorems.

[2] A canonical form for an n dimensional pseudo-Riemannian mani-
fold (M, g) admitting a parallel field of null » dimensional planes D is
given by the metric tensor in matrix form as

0 0 Id,
Id, 'H B

where Id, is the r x r identity matrix and A, B, H are matrices whose
coefficients are functions of the coordinates satisfying the following:

(1) A and B are symmetric matrices of order (n — 2r) x (n — 2r)
and r x r respectively. H is a matrix of order (n — 2r) x r and
'H stands for the transpose of H.

(2) A and H are independent of the coordinates (ug,...,u,).

Furthermore, the null parallel r-plane D is locally generated by the co-
ordinate vector fields {0y, ..., 0y, }.

[2] A canonical form for an m dimensional pseudo-Riemannian mani-
fold (M, g) admitting a strictly parallel field of null » dimensional planes
D is given by the metric tensor as in Theorem 2, where B is independent
of the coordinates (u1,...,u,).

3. ON 8-DIMENSIONAL WALKER METRICS

A neutral g on an 8-manifold M is said to be a Walker metric if there
exists a 4-dimensional null distribution D on M which is parallel with
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respect to g. From Walker theorem [18], there is a system of coordinates
(uq,...,us) with respect to which g takes the local canonical form

w =1 5) ®

where I is the 4 x 4 identity matrix and B is an 4 X 4 symmetric matrix
whose coefficients are the functions of (ui,...,ug). Note that g is of
neutral signature (4,4) and that the parallel null 4-plane D is spanned
locally by {01, ...,04}, where 0; = (%,i =1,2,3,4.

In this paper, we consider the specific Walker metrics on 8-dimensional
M with B of the form

a 0 0 0
0 a 0O
B=1010 1 0 (4)
00 0 b
where a, b are smooth functions of the coordinates (u1,...,ug). We will
denote a; = 'M%%u';’“g) and b; = ab(“éviw'

Our purpose is to systematically study the Walker metrics by focusing
on their curvature properties. The main purpose is to study conditions
for the eight dimensional Walker manifolds which admit a field of par-
allel null 4-planes to be Einsteinian.

From the following formula:

8
Ff} = Z %gkl(&‘gﬂ + 0594 — 019ij),
=1

we have:

lej %gll(aigjl + 0,911 — O19i;) + %gls(&-gﬁ + 0jgi5s — 059ij);

Iy = %922(&'9]'2 + 09i2 — 029ij) + %926(82‘91'6 +9;9i6 — 969i5);

rs = %933(8'93'3 + 0gi3 — 039ij) + %937(@'91'7 + 9jgi7 — 07945);

Ffj = 3944(31‘93'4 + 0jgia — 049ij) + %948(&‘93'8 + 9;9i8 — 989ij);

e = %gm(&gﬂ + ;90 — igyj); TS = %Q6Q(Bigj2 + 0;gi2 — 029i5);
I, = 3973(3'9]'3 + 9igis — 039i5); T8y = %984(32‘93'4 + 0j9ia — 049i5);

where g;; and g/ are the coefficients of the matrix (3). Thus, the non-
zero Christoffel symbols Ffj of the Levi-Civita connection of the Walker
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metric (3) and (4) are given by

r, = %a <6¢9j1 +0j9i1 — 5lgij) + %(aigjﬁ + 9jgis — 6591'3');
Ffj = _7& (&'9]’2 +0;9i2 — 52gij) + %(aing + Djgi6 — aﬁgi]’)*
rs = %b (&gjs + 9;9i3 — 839ij> + %(&gﬂ + 997 — a7gij)’
Ffj = %b (87;gj4 + 0;gia — 349@‘) + %(3193'8 + 0,98 — 389%’1‘)’
ry, = %(&‘gﬂ + 9j9i1 — 5191‘3‘), Iy = %(aigﬂ +0jgi2 — 829@']’)’
I}, = %(&‘gj?) + 9;9i3 — 339ij>a Ty = %(aigj‘* + 0911 = 0agis )

From now on we shall let 0;a = a; and 9;b = b; foralli =1,2,3,4,5,6,7,8
so that we have the following christofell symbols.

The non-zero Christoffel symbols Ffj of the Levi-Civita connection of
the Walker metric (3) and (4) are given by

1 aay | as _o aaz a3 bag a7 _4 bay ag
b = it Tty e Ty i e Ty Ty
5 a1 6 a2 7 @3 5 G4
Iy = 5 I'gs = 5 Lss = 5 I'ss = 3
1 ag o G5 ar 3 by ag 4  bs
I'se = 5; I'5e 5; I'sy 9 I's; = 9 I'sg 9 I'sg = 9
1 aa;  as o aaz  ag 3 bas a7 4 bay, asg
Feo = 5 —5ilee="y T5ilee="5 =55 le =5 — %
ay az 7 as a4
Fg6 = ?; Fg6 = 5? Lge = DR Fgﬁ = 9
2 ar 3 b6. 2 asg 4 bs
I'sy = 5 g7 = 5 I'ss = 25 Lgg = )
ab1 b5 2 abg b6 3 bbg b7 4 bb4 bg
1“1 — 71 7o, et B PR | A Zopd 2 TS,
b b b b b b
5 1, n6 _ 2. 7 3. 18 __ 4. 03 Y8 4 YT
7 = o> I'7; o L'77 5 I'77 5 I'7g 5 I'7g = o5
Fl — abl_bj. 2:ab2_bj. 3:%_ﬁ- 4:@4_%-
b b b b
5 1 6 2 7 3 ) 4
Igs = Ty Fss_—g; Fss_—g; Fss_—g-

A straightforward calculation using the Lemma 3, we get the following:
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The non zero components of the Levi-Civita connection of the Walker
metric (3) and (4) is given by:

Vo, 05

Vs 06

Vo,07

vag 88

v85 aﬁ

Vo, 08

Vs 08

(@ + %)al + (@ ‘“”)ag + (% - ﬂ)ag

2 2 2 2 2 2
bays ag ay as as a4 o
G - 3)u- - Fa- T -G

(3 -5+ (F+ Por (5 -5

bay as ai a a3 a4 o
+( - )m—-2%—if%—28r—2%,

(a—bl - b—5>81 + (Lb2 — bﬁ)(% + <% + bi)@?)

2 2 2 2 2 2
bb4 bg b1 b2 b3 b4 .
H(F -3)u-3h-Fh -5 -5

(5 = 3)o+ (= 3)o (5 - 5)

bby  bg by by b by,
HG )0 58— S0 - 50— 50

a a a b
5631 + ?55)2; Vosdr = - -

O + =05
5 1+2 35

as b5 . _ﬂ bj .
281“— 2845 v8687_ 262+ 2835

as b6 ) . bg b?
252+ 234, Vo,08 = 233+ 234-

From now, we assume the a and b are functions that depend on uq, uo, ug
and wuy, then by the Lemma 3, we have the following:

Vo, 05 =
Vo,06 =
Vo, 0r =

Vo, 08 =

781 + —0 +
781 + —0 + 783 +

731 + —=0y + —03 +

aas bas bay
2 3 515
aas bas %
2 2
abg bbg bb4 bl b2 bg b4 .
04— 5 05— 505 — 5 0r — 5 Os;

al a9 as aq
Oy — =85 — —05 — —07 — —0g;
4 9 b} 9 6 2 7 2 85

ai as as a4
O — 205 — 205 — Do — Lo
4 2 5 2 6 2 7 2 8

2 2 2
abg bbg bb4 b1 b2 b3 b4
2314— 282+283+284 235 286 287 238-

From the above relations, after a long but straightforward calculation,
the nonzero components of the (1, 3)-curvature operator of any Walker
metric (3) and (4) whith a = a(ug,...,us) and b = b(uq,...,us) are
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determined by

R(05,06)05

R(05,06)0s

R(a5a a7)85

R(05,07)07

R(05,08)05

R(0s,08)0s8

R(0s,07)06s

R(0s,07)07

R(06,08)06

R(0s,03)08

aaiag o1+ aZ%aQ n baZag 05 + baia4 0,
— 20 ‘faﬁ - 280 - 2oy
_afal _ aajlag Oy — bajla383 _ bajla484
+0f85 + 20+ =0y + o
a,aibl o, + aaibz By + baib3 B5 + bazb4 0,
—Q3Tbla5 - a3TbQ<96 - GSTIB@ - ang(%;
_aaibl o — aaibl Oy — bbilag 0s beM o,
—i—%(% + GQTblaﬁ + a?’Tbl(% + G4Tb188;
abllla4 o)+ aaibg By + bb;jla4 05 + bbza4 0,
g, by, g, g,
7ab411a1 o — abiag By — bbiag b5 — beM 0,
+a17b135 + GQTbl(% + agTbl57 + %blﬁs;
aaibl o, + aajbg By + baib3 05 + bazb4 0,
—%35 - %36 - agTbgf% - %%683
absaq absas bboas bboay
—41—42—23—434
+alTb285 + a24b2 96 + G3Tb287 + Q4Tb288;
aazbl 9, + aaZbQ By + baibg \ baib4 0,
Sy, by, g, g,
_aaibg o — aaibg 0y — bbiag By — bbia4 o,

a1b2 a2b2 b2a3 b2a4 .
+ 1 05 + 1 O¢ + 1 o7 + 5 0s;
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Bon ooy = o, + S2a, + W, 1 Mo,
_b1b4(95 _ 626486 b3b487 B b488,
4 4
R(07,03)08 = _abibiﬁ o, — ab2b3 By — bb3 b5, bbzb4 o
+%35 %86 + b 10T %88

From the above relations, after a long but straightforward calculation,
the nonzero components of the (0,4)-curvature tensor of any Walker
metric (3) and (4) whith a = a(uy,...,us) and b = b(uq,...,us) are
determined by

a1a2 azby a1ba
Ris56 = Rsee2 = 1 Rs779 = Rsggo = 5 Reg771 = Regs1 = Rt
asby b1bs3 aias
Ris57 = Rs773 = Rsss3 = Rieer = ; R7ss1 = ——3; Rsee3 = )
4 4 4
asaq b1by a1ay
Riss8 = R4 = Rsssa = Riees = L Ri778 = 0 Rse64 = ;
azbo babs asas
Ross7 = Rerrs = Ressz = Roger = R Rrggo = s R3556 = 1
asbo baby asay
Rosss = Rerra = Ressa = Roges = R Rorrs = o Rys56 = 1
a4b3 b3b4 a3b4
R3sss = R3ees = e ; Rarrs = Rgga = T Rus57 = Ryeer = R
2 2
a a1y a asbs
1. _ _ . _ 2, _ _
Riees = —; Ri7rs = Riggs = ——; Rasse = —; Rorre = Rogge = ——
4 4 4 4
2 2
a3b3 b3 a4b4 b
R3ss7 = Rseer = e ; Raggr = VR Rys58 = Ryees = e ; Rarrg = R

Next, let p(X,Y) = trace{Z — R(X,Z)Y} be the Ricci tensor. Then,
we have

. &% (I3b3 a4b4. a2 4 939 a3b3 a4b4
P55 = 5 5 T P66 = b} 5 N
o a1b1 agbg bi . N a1b1 a2b2 b% .
prr = 9 + 5 + 9 P88 = 9 + 2 + 5
 aa _ash agby
P56 = 5 P57 = 5 P58 = 5
_asby o agh b3b4 (5)
per = 5 P68 = 5 prs = 5

From (5) the scalar curvature Sc = 3.3 ¥ p;; of the Walker metric given
by (3) and (4) is zero.

)
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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. We have
the following result.

A Walker metric given by (3) and (4) is not Einstein if the function a
and b depends only on (uy,...,us).

Proof. The Einstein equations defined by G;; = p;;— % gij for the Walker
metric given by (3) and (4) whith a = a(u1,...,us) and b = b(uq, ..., uq)
are as follows:

_ maz _agby _aghy
Gse = 5 =0, Gs7= 5 =0, Gss= — =0
_ (Ing _ . (I4b2 _ N b3b4
Ger = 5 =0, Ges= 5 =0, Gr= 5
and
1 5 L 4
Gss = §(a2 + azbs + a4b4) =0, Gg = i(al + agbs + a4b4) =0
1 1
G = §(a161 + agby + bi) =0, Ggg= i(albl + agby + b%) = 0.
This complete the proof. O

Let W denote the Weyl conformal curvature tensor given by

W(X,Y,Z,T): = R(X,Y,ZT)
Sc
+ m{g(l/, 2)9(X,T) - g(X, Z)g(¥, T)}
+ L, 2)(X,T) — p(X, 2)g(Y, T)

n—2
— (Y. 1)g(X. 2) + p(X. T)g(Y. Z) }.

A pseudo-Riemannian manifold is locally conformally flat if and only if
its Weyl tensor vanishes. The nonzero components of Weyl conformal
tensor of a Walker metric defined by (3) and (4) with a = a(uq, ..., u4)
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and b = b(uy,...,uy) are given by
aia asb asb
Wisse = 13 2 Wissy = %, Wisss = %7
1 9 azby asby
Wiees = 5(401 + asbs + asbs), Wieer = I Wiees = 1
aib bib
Wirrs = E(4a1b1 + agby +b3), Wirre = %, Wirrs = 1747
1 a1b b1b
Wigss = E(‘lalbl + agby +b3), Wisss = %, Wigsr = %,
1 asb asb
Wasse = E(‘lag + agbz + asbs), Wassy = %, Wasss = %,
aia asb aqb
Waees = 13 2 Waeer = %, Wages = %,
asb 1 bob
Worrs = %, Warre = E(aﬂh + dagby + b3), Warrs = %7
asby 1 9 bobs
Wagss = 1 Wagss = ﬁ(aﬂn + 4agby + b3), quadWaggy = 1
asa 1 asb
Wasss = ——, Wassr = — (a3 + dagbs + asby), Wigss = —,
4 12 4
aia 1 asb
Wsees = 14 5 Wiesr = ﬁ(a% + 4azbs + asbs), Wsees = %,
asb asb bsb
Wars = —— Waprg = %, W37 = 3?4,
a3b1 a3b2 1 2
Wiggs = 5 Wigge = 5 Wigsr = E(albl + agby + 4b3),
asa asb 1
Wiysse = 24 2 Wissr = %7 Wiyssg = E(a% + agbs + 4agby),
aia asb 1
Waees = 14 2 Wieer = %, Wiees = E(a% + asbs + asbs),
aqb asb 1
Wyrrs = Zl, Wiyrre = %7 Wyrrg = ﬁ(aﬂn + agby + 4b7),
asb asb bs3b
Waggs = %7 Wagss = %7 Wagsr = %- (6)

Now it is possible to obtain the form of a locally conformal flat Walker
metric defined by (3) and (4) with a = a(u1,...,us) and b = b(uq, . .., uq).
A Walker metric given by (3) and (4) with a = a(uq,...,us) and

b = b(uq,...,uq) is locally conformal flat if the functions a and b are
constants.
Proof. From (6) after a straightforward calculation. O

In [14], Pigcoran and Mishra investigate the S-curvature, the Lands-
berg curvature, mean Landsberg curvature, Cartan torsion and mean

Cartan torsion for recently introduced («, 8)-metric ' = 3 + mli,
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where a = \/a;;y'y7 is a Riemannian metric ; 8 is a 1-form and a € (0, 1]
is a real positive scalar. They find the necessary and sufficient con-
dition under which this class of Finsler metrics is Riemannian or lo-
cally Minkowskian. In [15], the authors investigate a new («, 3)-metric
F=p3+ W, where a = \/a;;y'y’ is a Riemannian metric ; 3 = b;y’
is a 1-form and a € (1/4,+00) is a real scalar. They investigate the vari-
ational problem in Lagrange spaces endowed with this type of metrics.
Also, they study the dually local flatness for this type of metric and they
proof that this kind of metric can be reduced to a locally Minkowskian
metric. In [16], Pigcoran and Mishra investigate the relationship be-

tween the geodesic coefficients of the new («, 5)-metric F' = 3 + %
and the corresponding geodesic coefficients of the metric «.

4. CONCLUSION

Various geometric quantities are computed explicitly in terms of metrics
coefficients, including the Christoffel symbols, curvature operator, Ricci
curvature and Weyl tensor. Using these formulas, we have obtained a
class of eight-dimensional Walker metrics which are Einstein and locally
conformally flat..

ACKNOWLEDGEMENTS

The authors would like to thank the referee for his/her valuable sug-
gestions and comments that helped them improve the paper. This pa-
per was completed during the second author stay at the Institut de
Mathématiques et de Sciences Physiques, (Dangbo, Benin). The sec-
ond author is very grateful to the staff of the Institute for hospitality,
to thank for the support and the excellent research facilities during the
last stage of the preparation of this paper.

REFERENCES

[1] R. Abounasr, A. Belhaj, J. Rasmussen, and E. H. Saidi, Superstring theory on pp
waves with ADE geometries, J. Phys. A 39 (2006), 2797-2841.

[2] M. Brozos-Vézquez, E. Garcia-Rio, P. Gilkey, S. Nikevié¢ and R. Vazquez-Lorenzo,. The
Geometry of Walker Manifolds. Synthesis Lectures on Mathematics and Statistics,
5, (2009). (Morgan and Claypool Publishers, Williston, VT).

[3] M. Chaichi, E. Garcia-Rio and Y. Matsushita, Curvature properties of four-dimensional
Walker metrics, Classical Quantum Gravity 22, (2005), 559-577.

[4] J. Davidov, J. C. Diaz-Ramos, E. Garcia-Rio, Y. Matsushita, O. Muskarov and
R. Vézquez-Lorenzo, Almost Kahler Walker 4-manifolds, J. Geom. Phys., 57,
(2007), (3), 1075-1088.

[5] J. Davidov, J. C. Diaz-Ramos, E. Garcia-Rio, Y. Matsushita, O. Muskarov and
R. Vézquez-Lorenzo, Hermitian- Walker 4-manifolds, J. Geom. Phys., 58, (2008),
(3), 307-323.

[6] A.S. Diallo and M. Hassirou, Ezamples of Osserman metrics of (3, 3)-signature,
J. Math. Sci. Adv. Appl., 7 (2011), (2), 95-103.



234 SILAS LONGWAP AND ABDOUL SALAM DIALLO

[7] A. S. Diallo, M. Hassirou and O. T. Issa, Walker Osserman metric of signature
(3,3), Bull. Math. Anal. Appl., 9 (2017), (4), 21-30.
[8] A. S. Diallo, S. Longwap and F. Massamba, Almost Kdhler eight-dimensional
Walker manifold, Novi Sad J. Math., 48, 2018, (1), 129-141.
[9] A.S. Diallo and F. Massamba, Some properties of four-dimensional Walker man-
ifolds, New Trends Math. Sci., 5, (2017), (3), 253-261.
[10] E. Garcifa-Rio E, S. Haze, N. Katayama, Y. Matsushita, Symplectic, Hermitian
and Kdhler structures on Walker 4-manifolds, J. Geom., 90 (2008), (1-2) 56-65.
[11] Y. Matsushita, Four-dimensional Walker metrics and symplectic structure, J.
Geom. Phys., 52, (2004), (1) 89-99.
[12] Y. Matsushita, Walker 4-manifolds with proper almost complex structure, J. Geom.
Phys., 55, (2005), (4), 385-398.
[13] Y. Matsushita, S. Haze and P. R. Law, Almost Kdhler Einstein structures on
8-dimensional Walker manifolds, Monatsh. Math., 150, (2007), 41-48.
[14] L. I. Piscoran and V. N. Mishra, S-curvature for a new class of (a, 8)-metrics,
Rev. R. Acad. Cienc. Exactas Fis. Nat. Ser. A Mat., 111 (2017), (4), 1187-1200.
[15] L. I. Pigcoran and V. N. Mishra, The wvariational problem in Lagrange spaces
endowed with a special type of (a, B)-metrics, Filomat 32 (2018), (2), 643-652.
[16] L. I. Pigcoran and V. N. Mishra, Projective flatness of a new class of («,3)-
metrics, Georgian Math. J., 26 (2019), (1), 133-139.
[17] K. Sekigawa, On some compact Einstein almost Kdhler manifolds, J. Math. Soc.
Japan, 39 (1987), (4), 677-684.
[18] A. G. Walker, Canonical form for a Riemannian space with a parallel field of null
planes, Quart J Math Oxford 1, (1950), (2), 69-79.

Department of Mathematics, Faculty of Natural Sciences, University of Jos, P.M.B. 2084,
Plateau State, Nigeria

E-mail address: longwap4all@yahoo.com

Université Alioune Diop de Bambey, UFR SATIC, Département de Mathématiques, Equipe
de Recherce en Analyse Non Linéaire et Géométrie (ANL), B. P. 30, Bambey, Sénégal
E-mail addresses: abdoulsalam.diallo®@uadb.edu.sn



