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Abstract: The present paper deals with a type of non-quasi flat Weyl manifold
which is called quasi conformally symmetric. Some necessary and sufficient
conditions between concircularly symmetric, conformally symmetric and quasi
conformally symmetric Weyl manifolds are obtained and a special condition
on the Weyl manifold admitting a semi-symmetric non-metric connection is
studied.
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1. Introduction

The physical concepts in Weyl geometry has been widely reviewed in the re-
view paper (see [9]). Herman Weyl first introduced a gauge invariant theory
to unify gravity and electromagnetic theories in 1918. This theory is not ac-
ceptible as a unified theory since the electromagnetic potential does not couple
to spinor being essential for the electromagnetic theory. This does not mean
that Weyl geometry has a physical meaning as well in different theories and
in the second part of the 20th century, the Weyl geometry has been studied
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in some research filds of physics such as quantum mechanics, particle physics,
gravity and cosmology. Despite the unified theory of Weyl not being acceptable
as physical theory, it introduced a useful theory in differential geometry. The
mathematics of the theory is a generalization of the Riemannian geometry and
the connection is an instructive example of non-metric connections.

A Weylian metric on a differentiable manifold M can be given by pairs
(g,) of a non-degenerate symmetric differential 2-form ¢ and a differential
1-form . The Weylian metric consists of the equivalance class of such pairs,

with (:(;, &) ~ (g, ) if and only if

(i) g=Ng . (i) p=¢—dlog (1)

for a strictly positive real function A > 0 on M. Choosing a representative
means to gauge the Weylian metric; g is then the Riemannian component and
¢ the scale connection of the gauge. A change of representative (1) is called
a Weyl(scale) transformation; it consists of a rescaling (i) and a scale gauge
transformation (7).

A manifold with a Weylian metric (M, g, ¢) will be called a Weyl manifold.

In the recent mathematical literature, a Weyl structure on a differentiable
manifold M is spesified by a pair (g, ¢) consisting of a conformal metric g and an
affine, which is torsion-free, connection I, respectively its covariant derivative
V. For any conformal metric g, there is a differential 1-form ¢, such that

Vg+2p,09=0 (2)

which is called weak compatibility of the affine connection with the metric. (2)
can be expressed in local coordinates by

Vigij — 29:T, =0 (3)

where T}, is a complementary covariant vector field (see [7]). Such a Weyl man-
ifold will be denoted by W,,(gij;, T)). If T, = 0 or T}, is gradient, a Riemannian
manifold is obtained.

One could also formulate above compatibility condition by

F—gF:1®§0g+§0g®1_g®¢Z (4)

where 1 denotes identity in Hom(V, V) for every V' = T, M, ¢y is the dual of ¢,
with respect to g and (I is the Levi-Civita connection of g. In local coordinates,
(4) is given by

L =ik — 65Ty — 61T + gj T (5)
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where ijk’s are the coefficients of the Levi-Civita connection (see [7]).
The curvature tensor R?j ;. of the symmetric connection I' on the Weyl man-
ifold is defined by

Rl = 9,Th — ,Th T (6)

7‘] zk

In local coordinates, the conformal curvature tensor C (X,Y,Z,U) and the
concircular curvature tensor C (X,Y,Z,U) of the symmetric connection I' on
the Weyl manifold are expressed by

1 m
Cly =Rl — 5thjk t— <5thk 0p Rij + 9ing™ Rnj — 9ij9 hRmkz)
(7)

1 m.
n(n-2) (5hRT’“ Ok Ryji+ g™ Ry — 913 thkm>
. (sh,  _ sh_
g (e o)
~h _ h r h B h )
Cije = Rij, — =1 (05 9i5 — 05 gik) (8)

with the help of (6), where Rmk, R;; and r denote the curvature tensor, the
Ricci tensor and the scalar curvature tensor of I', respectively (see [5], [8]).

Let {e;};—, be an orthonormal basis of the tangent space at any point of
the manifold. Then, from (7) and (8),

> CleiY,Ze)) =) C(Y,ei,e,2) =0 (9)
=1 =1
and

> ClenY.Ze) =) CViener, 2) = P(Y,2) = S (Y, 2) — ~g (Y. Z) (10)
i=1 i

where S (Y, Z) denotes the Ricci tensor of type (0,2). From (10), it follows that

zn:P(ei,ei) = O
=1

By using (7), and (8), the conformal curvature tensor C 1, of the connection

I" is expressed in terms of the concircular curvature tensor Ch by the following

ijk
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equation:

Cliy = Cly 5hC rik T 5 {5h i — 01Cij + gik g™ Crnj — i g™ Coutc}
(11)

- m{éh rki 5k Cr]z + gikgth:]m gijgmh :k:m}

2. Quasi Conformally Symmetric Weyl Manifolds

In 1968, Yano and Sawaki defined and studied a new curvature tensor called
quasi conformal curvature tensor on a Riemannian manifold of dimension n
which includes both the conformal and concircular curvature tensor (see [14]).

The quasi conformal curvature tensor W (X,Y,Z,U) of type (0,4) on a
Weyl manifold of dimension n (n > 3) is defined by

W (X,Y,Z,U) = —(n—2)bC (XY, Z,U)+la+ (n—2)b]C(X,Y,Z,U) (12)

where a,b are arbitrary constants not simultaneously zero, C' and C are con-
formal curvature tensor and concircular curvature tensor of type (0,4), respec-
tively.

Substituting (9) and (10) in (12) yields

iW(ei,Y,Z,ei) = zn:W(Y,ei,ei,Z) =la+(n—-2)bP(Y,Z2). (13)
i=1 j=

In particular, if ¢ = 1 and b = n;_12, then the quasi conformal curvature
tensor reduces to conformal curvature tensor. In a similar way, if @ = 1 and
b = 0, then the quasi conformal curvature reduces to concircular curvature
tensor.

By substituting (7) and (8) in (12), the quasi conformal curvature tensor
can be expressed by

W CLRUk +b {52Rij — 5?Rz‘k + gijgmhRmk — gikgmhRm]’} (14)

b
+ = n {(n - 2) 5hRT]k + 5thkz 5ZR:]2 + gikgmhR gljgmthkm}

_r)y_a hoo — 5t
n{n_1+2b}(5kgw 5]gzk)
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in local coordinates.

An alternative definition of the quasi conformal curvature tensor is given in
the form of
Wiy = aCly, + {51 Cys = 81Cot + gi3g™ Conk — girg™" Cons | (15)

7 7
b ~ ~ ~ ~ ~
+ n {(” —-2) 5?077:]'19 + 5? ki 51]30:]'@‘ + gikgmhcrjm - gz‘jgmh ;km}

by using (8) and (10) in (14).

The study of symmetric Riemannian manifolds began with the work of
E.Cartan. A Riemannian manifold (M, g) is said to be locally symmetric due
to Cartan (see [1]), if its curvature tensor R (Y, Z,U, V') satisfies the condition
(VxR)(Y,Z,U,V) =0, where V denotes the operator of covariant differentia-
tion with respect to the metric tensor g. This condition of local symmetry is
equivalent to the fact that at every point P € M, the local geodesic symmetry
F (P) is an isometry. The class of symmetric Riemannian manifolds is very
natural generalization of the class of the manifolds of constant curvature.

During the last five decades, the notion of locally symmetric manifolds has
been weakened by many authors in several ways to a different extent such
as recurrent manifold by A.G.Walker (see [13]), semi-symmetric manifold by
Z.1.Szabo (see [10]), pseudo symmetric manifold by M.C.Chaki (see [2]), gener-
alized pseudo symmetric manifold by M.C.Chaki (see [3]) and weakly symmet-
ric manifold and weakly projectively symmetric manifold by L.Tamassy and
T.Q.Binh (see [11]). On the other hand M.C.Chaki defined conformally sym-
metric manifold with B.Gupta in (see [4]).

The object of the present paper is to study a quasi conformally symmetric
Weyl manifold which is defined by the following definition and is denoted by
(WSW),:

Definition 2.1. A non-flat Weyl manifold is said to be conformally sym-
metric, concircularly symmetric and quasi conformally symmetric, if the confor-
mal curvature tensor C (Y, Z, U, V'), the concircular curvature tensor C (Y,Z,U, V)
and the quasi conformal curvature tensor W (Y, Z, U, V') satisfy the conditions

(VxC) (Y, Z,UV)=0, (VxC)(Y,Z,UV)=0, (VxW)(Y,Z,UV)=0

respectively, for all vector fields X,Y,Z, U,V € x (M) which denotes the Lie
algebra of all smooth vector fields on the manifold M and V is the operator of
covariant differentiation with respect to the Weylian metric g. Furthermore, in
local coordinates, the same conditions are given by

VlCZk =0, vléz];]g =0, lez};k =0
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respectively, where V denotes the covariant derivative with respect to the sym-
metric connection I'.

The paper is organized as follows:

Section 2 deals with some basic results of (W.SW),. Section 3 gives some
necessary and sufficient conditions on quasi conformally symmetric Weyl man-
ifolds. Finally, in the last section a special condition is studied on a (WSW),
admitting a semi symmetric non-metric connection.

Theorem 2.1. A concircularly symmetric Weyl manifold is quasi confor-
mally symmetric.

Proof. Assume that a Weyl manifold is concircularly symmetric. By differ-
entiating (11) covariantly with respect to V and using VlCihjk = 0 or equiva-

lently Vlé’ij = 0 from Definition 2.1,

ViCly = ﬁ[{gmhvzgik + gikvlgmh} Crnj — {9™"V 1945 (16)
+ 9i5V1g™} Conrl] — m[{gmhvl%k + gikvzgmh} érjm
- {gmhvlgij + gz‘jvlgmh} Cm]-
By substituting the equations Vyg;; = 2T)g;; and Vg = —2T}¢" by [7] into
the formula (16), it is obtained as

ViCly =0

which states that a Weyl manifold is conformally symmetric. Then, by means of
the covariant derivative of (12), it is seen that the manifold is quasi conformally
symmetric. O

Now, suppose that a Weyl manifold be quasi conformally symmetric. Then,
by taking derivative of (12) covariantly and using Definition 2.1 , it is obtained
as

(n—2)b(VxC)(Y,Z,UV)=la+ (n—2)b (VxC)(Y,Z,UV). (17)

From (17), we have:

Corollary 2.1. A (WSW),, for which a + (n—2)b = 0 and b # 0 is

conformally symmetric.
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Corollary 2.2. The conformal curvature tensor C (Y,Z,U,V) and the
concircular curvature tensor C (Y, Z,U, V') of a (W SW ),, for which a+(n — 2) b #
0 and a = 0 satisfy the following condition:

(VxC) (Y, Z,U, V)= (VxC)(Y,Z,UV). (18)

Corollary 2.3. A (WSW),, for which a + (n—2)b # 0 and b = 0 is
concircularly symmetric (and conformally symmetric).

By (9) and (10), replacing Y and V by e; in (17) gives
[a+(n—2)b(VxP)(Z,U)=0

which leads us the following corollary:

Corollary 2.4. A (WSW),, for which a + (n—2)b # 0 for any a, b is
concircularly Ricci symmetric.

3. Some Necessary and Sufficient Conditions On a Quasi
Conformally Symmetric Weyl Manifold

The quasi conformal curvature tensor W (X,Y, Z,U) contains both the con-
circular curvature tensor C (X,Y,Z,U) and the conformal curvature tensor
C(X,Y,Z,U). Therefore, in this section, we will improve some necessary and
sufficient conditions for a (W .SW),, to be concircularly symmetric and confor-
mally symmetric, respectively.

Theorem 3.1. A necessary and sufficient condition for a conformally sym-
metric Weyl manifold to be concircularly symmetric is that it is concircularly
Ricci symmetric.

Proof. Now, assume that a Weyl manifold is conformally symmetric. Then,
by taking covariantly derivative of (7) with respect to V, using VlCihj r = 0 from
Definition 2.1 and remembering that R;; = R(;;) + R[;;, it is obtained that

2 1
lezhjk = 55?V{R[1€j] " {5?V1R(ik) — 5£V1R(ij) + gikgthlR(mj) (19)

1
_gijgmhle(mk:)} - {5?VZR[Z'I<:] — RV Ry + 9ikg™ ViR
(Vi+2T)r

m{529ij — 88 gin}-

—9i59™" V1 Rjpi } -
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Under consideration of a concircularly Ricci symmetric Weyl manifold, Vl@j =
0 implies
Vi+21;)r
ViRi; = ggij

n

by (10) and therefore V,R;; = 0. So, (19) reduces to

no . (V2T h
ViR, = m{%gij — 05 Gik }

which is equivalent to
ViCly =0

is obtained by (8). This means that the Weyl manifold is concircularly sym-
metric.

Conversely, a conformally symmetric Weyl manifold which is concircularly
symmetric is automatically concircularly Ricci symmetric. U

By using Theorem 2.1 and Theorem 3.1, we have:

Corollary 3.1. A conformally symmetric Weyl manifold which is concir-
cularly Ricci symmetric is quasi conformally symmetric .

Theorem 3.2. A necessary and sufficient condition for a (WSW),, for
which a + (n—2)b = 0 and b # 0 to be concircularly symmetric is that it is
concircularly Ricci symmetric.

Proof. Suppose that a (WSW),, for which a + (n —2)b =0 and b # 0 is
concircularly symmetric. In this case, the manifold is automatically concircu-
larly Ricci symmetric.

Conversely, if a (WSW),, for which a + (n —2)b = 0 and b # 0 which is
conformally symmetric by Corollary 2.1 is concircularly Ricci symmetric, then
the manifold is concircularly symmetric by Theorem 3.1. O

Theorem 3.3. A necessary and sufficient condition for a (WSW),, for
which a+(n —2)b# 0 for a € R, b # 0 to be conformally symmetric (concircu-
larly symmetric) is that it is concircularly symmetric (conformally symmetric).

Proof. Firstly, we have to say that a € R is considered as the union of
a # 0 and a = 0. Let’s consider a (WSW),, for which a + (n —2)b # 0 for
a € R, b # 0. Under consideration of conformally symmetric Weyl manifold,
(WSW),, is obtained as concircularly symmetric by Corollary 2.2, Corollary
2.4 and Theorem 3.1.



QUASI CONFORMALLY SYMMETRIC WEYL MANIFOLDS 423

Conversely, under consideration of concircularly symmetric Weyl manifold,
(WSW),, for which a+(n — 2)b # 0 for a € R, b # 0 is obtained as conformally
symmetric by taking derivative of (11) covariantly with respect to V. O

4. A (WSW),, Admitting a Semi-Symmetric Non-Metric
Connection With a Special Condition

A generalized connection V on the Weyl manifold is defined by V.Murgescu [6]
as follows: '

F;k =T% + ajkhgh’ (20)
where Ajkh = ngQZh—I—ger;h—l-gth;k
and F;k’s are the coefficients of the symmetric connection V defined in Section
1.

By choosing
Q% = diar, — dja;

in (20), the following equation denotes the coefficients f;- i s of a semi symmetric
non-metric connection V on the Weyl manifold:

T =i+ 008, — g5 (21)

(see [12]) where S; = —2a; and a; is an arbitrary covariant vector field.
The curvature tensor ,,;;x of the semi symmetric non-metric connection

V on the Weyl manifold is defined by
Ronijie = Ronijk + GmkSij — 9mjSik + 9ijSmk — 9ikSmy, (22)

1
where Sij = Si7j—SiSj—|—§gijngSkST

and S; ; denotes the covariant derivative of S; with respect to the symmetric
connection V.

By means of (22), the Ricci tensor R;; and the scalar curvature 7 of the
connection V are obtained as

Rij = Rij + (n —2) Sij + gi;S, (23)

F=r+2(n—1)85. (24)
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Theorem 4.1. The quasi conformal curvature tensor of a Weyl manifold
with a vanishing curvature tensor with respect to a semi symmetric non-metric
connection V is of the form

W (X,Y,Z,U)=[a+ (n—2)bC(X,Y,Z,U). (25)

Proof. Suppose that the curvature tensor Emzjk with respect to V vanishes

on the manifold, i.e., R,;;x = 0. Then the curvature tensor R,,;;, of the
connection V is in the form of

Rpnijk = 9mjSik — 9mkSij + 9ikSmj — 9ij Smik- (26)

Furthermore, from (26), we have Rij = 0 which means that Rj; is sym-
metric. By using this fact and (26) in (7), the conformal curvature tensor Cyij
of the connection V is obtained as

Cmijk‘ =0.
So, by using this result in (12), we obtain (25). O

By taking covariant differentiation of (25), under consideration of a quasi
conformally symmetric Weyl manifold, it is obtained that

[a+ (n—2)b](VxC)(Y,Z,UV)=0

which leads us the following:

Corollary 4.1. A (WSW),, for which a + (n—2)b # 0 for any a, b
with a vanishing curvature tensor with respect to a semi symmetric non-metric
connection V is concircularly symmetric.
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