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Abstract. In [2], De and Guha introduced the generalized recurrent Rie-
mannian manifolds and in [4], Maralabhavi and Rathnamma studied the
generalized recurrent and concircular recurrent Riemannian manifolds. In
this work, the generalized concircular recurrent Weyl spaces are considered
and it is proved that a Weyl space which is either generalized concircular
recurrent or generalized recurrent is a concircular recurrent Weyl space.
In addition, it is shown that every concircular recurrent Weyl space is a
conformally recurrent.
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1 Introduction

An n-dimensional differentiable manifold W,, is said to be a Weyl space if it has a
conformal metric tensor g and a symmetric connection V satisfying the compatibility
condition given by the equation

(1.1) Vigij —2Tkgi; =0,

where T}, denotes a covariant vector field. Under the renormalization
(1.2) T=Xyg

of the metric tensor g, T is transformed by the law

(1.3) Ty, = Tp + 0 In A

where A is a function defined on W,,.

An object A defined on W, (g,T) is called a satellite of weight {p} of the tensor
gij, if it admits a transformation of the form
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(1.4) A=) A

under the renormalization of the metric tensor g;; ([3],[6]).
The prolonged covariant derivative of a satellite A is defined by

(15) va:VkA—kaA.

We note that the prolonged covariant derivative preserves the weight.
Writing (1.1) in local coordinates and expanding it we find that

(1.6) Ogis — gng Uity — gin T, = 2Th g1 = 0
j

where I'}; are the connection coefficients of the form

(1.7) il:{kl}—(52Tz+5ka—9m9szm).

Let R(X,Y)Z =VxVyZ —VyVxZ — V(xy]Z denote the curvature tensor
associated with the connection V .
A non-flat Weyl space is called recurrent, if its curvature tensor R satisfies

(1.8) (Vu R)(X,Y,Z) = ¢(U) R(X.Y, Z)

where ¢ is a nonzero 1-form of weight zero and R(X,Y, Z) is the curvature tensor of
type (1,3) [1].

In [2], De and Guha have introduced a non-flat Riemannian space whose curvature
tensor R of type (1,3) satisfies the condition

(1.9) (VuR)(X,Y, Z) = AU)R(X,Y, Z) + BU)(9(Y, 2)X — g(X, 2)Y)

where A and B are 1-forms.

A non-flat Weyl space is called generalized recurrent whose curvature tensor R
satisfies the condition

(1.10) (VuR)(X,Y, Z) = A(U)R(X,Y, Z) + B(U)(g(Y, Z)X — g(X, Z)Y)

where A and B are 1-forms of weight 0 and -2, respectively. Note that when B =0 a
generalized recurrent Weyl space becomes a recurrent Weyl space.

2 Generalized Concircular Recurrent Weyl Spaces

The concircular curvature tensor of a Weyl space is given by [7]

R

2(X,Y,Z) = R(X,Y,Z) — =T

(Y, 2)X — g(X,Z)Y].

A non-flat Weyl space is called generalized concircular recurrent, if its concircular
curvature tensor satisfies the condition
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(2.1) (Vu2)(X,Y,Z) = A(U)2(X, Y, Z) + B(U)(9(Y. 2)X — g(X, 2)Y) .

Theorem 2.1 The Weyl space W,,(g,T) which is either generalized concircular
recurrent or generalized recurrent is concircular recurrent .

Proof. We first note that, in local coordinates the concircular curvature tensor of
W, is given by [7]

Zikh = Rjkh - m (gjk Oh — 9in 0r) -

Suppose now that W, (g,T) is a generalized concircular Weyl space. Then, by
expressing (2.1) in local coordinates we have

(2.2) Vi 2l = A 2 + By (85, 956 — 61, 9jn) -

By contracting (2.2) with respect to ¢ and h, we get

(2.3) v 2 = Vizjr = Aizji + Bi(n— 1) gji
where

R
(2.4) zjr = Ry — ik -

Transvecting (2.4) by ¢/* and using ¢’ z;; = 0, we get B; = 0 . Thus, from (2.2)
we find o _
showing that W, (g, T) is a concircularly recurrent.

Next, suppose that W, (g,T) is a generalized recurrent Weyl space. By virtue of
(1.10), we can write

(2.5) Y Ry = ARy, + Bi(8), gjk — 61 gjn) -

By contracting (2.5) with respect to i and h, we get

(2.6) ViRjk = Al Rjg + (n — 1) B gjx -

Transvecting (2.6) by ¢’F we have

(2.7) ViR=AR+n(n—-1)B.

On the other hand, taking the prolonged covariant derivative of the concircular
curvature tensor of W,, we have
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ViR

(2.8) vl Z;kh = vl R;‘kh - m (52 9ik — 51@ gjh) .

Substituting (2.7) in (2.8) and using (2.5) we find
vl Z;‘kh = A Z;kh )

which is implies that the generalized recurrent Weyl space W,,(g,T') is concircularly
recurrent.

3 Conformally recurrent Weyl spaces

The conformal curvature tensor C; wn Of Wy, is given by [5]
(3.1)
i i 2 i i im im
Cirn = Rjpp + n(n—2) (61, Rk — 0k Rijn) — 95n9"™ Rimk) + 989" Rimn) —

. 1 , , . .
—(n —2)8% Rppey) — - (61, Rjk — 61, Rjn — 909" Rk + 9jk9"™ Rimn)

R ) )
) (9jx0%, — 9;n0.)

TS —2

where the bracket denotes antisymmetrization.

An n-dimensional Weyl space is said to be a conformally recurrent Weyl space if
its conformal curvature tensor C7,, of weight 0, satisfies the condition

(32) Vz C;kh = )\l C;k‘h

where \; (£ T)}) is a non-zero covariant vector field of weight 0.

Cjp, may be expressed in terms of 27, and 2z = 2}, as follows:

J 7

(3.3)
C;kh = Z;‘kh + ﬁ (52 Zljk] — 511; Zljh) — gjhgim Z[mk] T gjkgim Z[mh] — (n— 2)5; 2[hk) )
1

n —

5 (52 Zik — 04 Zjh — Ging™ Zmk + Gikg™ th) .

Theorem 3.1 Every concircular recurrent Weyl space is a conformally recurrent
Weyl space.

Proof. A concircular recurrent Weyl space is characterized by
(3.4) Vi zejkn = i 2tjkh

where \; (#£ T)}) is a non-zero covariant vector field of weight 0.
As an immediate consequence of (3.4), we get
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(35) vl Zijk = /\l Zjk -

Changing the order j and k in (3.5) and substracting the equation so obtained
from (3.5), we get

(3.6) Vi za) = M 2
Therefore, by using (3.3),(3.4),(3.5) and (3.6), we get
vl C;k‘h == )\l C]i-kh

from which the desired result follows.
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