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Abstract

Ozdemir and Yildirim (2005) has premeditated on conformally recurrent Kaehlerian weyl spaces. Also, Negi
et al.(2019), has studied analytic HP-transformation in almost Kaehlerian spaces. In this paper, we have calculated
geometry on Kaehlerian weyl-conformal and weyl-conharmonic recurrent curvature manifolds and some theorems
are obtained.
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1. Introduction
The n-dimension differentiable manifold having a Riemann metric g with symmetric connection ∇ and U is a 1-
type field is called Weyl space Wn(g,U) under the recalibration and transformed U gratifying the form Hlavaty[5],
Calderbank and Pedersen [1]

∇g = 2(U
⊗

g), (1.1)

ḡ = λ2g, (1.2)
Ū = U + dlnλ, (1.3)

where λ is a scalar function on Wn(g,U).
If point P defined on Wn(g,U) is called a dependency of g of power r if it discloses a revolution of the type under

the recalibration (1.2) of g given by Canfes and Ozdeger [3]. The expanded covariant derivative of dependency P of
tensor gi j power r is defined in Norden [8]

P̄ = λrP, (1.4)

∇̇P = ∇kP − rUkP. (1.5)

Also, putting (1.1) in confined coordinates and using (1.5), then we find

∂kgi j − gh jΓ
h
ik − gihΓh

jk − 2Ukgi j = 0, ∂k =
∂

∂k , ∇̇gi j = 0.

Here Γi
kl, {ikl} are coefficients of Weyl and metric connection respectively defined

Γi
kl = {ikl} − gim( gmkUl + gmlUk − gklUm), (1.6)

{ikl} =
1
2

gim( ∂kgml + ∂lgkm − ∂mgkl). (1.7)

The n-dimensional Kaehlerian Weyl manifolds (KWn)(n ≥ 2m) with an almost complex structure F j
l fulfilling the

tensors Fi j and F i j are of power 2 and -2, respectively Demirbuker and Ozdemir [4]

F j
i Fk

j = −δk
i , (1.8)

gi jF i
hF j

k = ghk, (1.9)

∇̇F j
i = 0, (for all i, j, k), (1.10)

Fi j = g jkFk
i = −F ji, (1.11)

F i j = gihF j
h = −F ji, (1.12)
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The curvature tensor Ri jkl and Ri
jkl of Wn(g,U) are following Hlavaty [5], Ozdemir and Yildirim [10]

R j
jkl =

∂

∂xl Γ
i
jk −

∂

∂xk Γi
jl + Γi

hlΓ
h
jk − Γi

hkΓ
h
jl, (1.13)

Ri jkl = gihRh
jkl,R

a
i ja = Ri j and R = gi jRi j, (1.14)

R[i j] = n∇[iU j], (1.15)

Hi j =
1
2

Ri jklFkl,Mi j = gkiRk
j,R

k
j = Rh

jklg
kl, (1.16)

Mi j =

(
n − 2

n

)
Ri j +

2
n

R ji = Ri j + 2n( R ji − Ri j), (1.17)

Hi j = −Mh jFh
i = MihFh

j , (1.18)

HhiFh
j = −H jhFh

i = M ji, (1.19)

HhiFhi = −Mhighi = −R, (1.20)
Ri jkl + R jikl = 4∇[kUl]gi j, (1.21)

Hi j + H ji = 0. (1.22)

2. Geometry on Kaehlerian Weyl-Conformal recurrent curvature manifolds
Then-dimensional Weyl recurrent manifoldsof its curvature tensor Rli jk satisfies the condition

∇̇rRli jk = PrRli jk + Qr( gl jgik − glkgi j), (2.1)

where P and Q are two correspondingly non-zero 1-types of powers 0 and -2 given by Canfes [2]. Here putting
Gli jk = gl jgik − glkgi j, then (2.1) becomes

∇̇rRli jk = PrRli jk + QrGli jk, (2.2)

If the 1-type Q is zero, then it is Weyl recurrent manifolds given by Canfes and Ozdeger [3]
Definition 2.1. The n-dimensional (n ≥ 2m) Kaehlerian Weyl recurrent manifold is called a widespread Weyl recurrent
manifold if its curvature tensor Rli jk of power 2 fulfills the condition

∇̇rRli jk = PrRli jk + QrGli jk, (2.3)

where P and Q are correspondingly 1-type of powers 0 and -2.
Again, the conformal curvature tensor Ch

i jk of Wn(g,U) is given by Miron [6]

Ch
i jk = Rh

i jk + δh
k Li j − δh

j Lik + Lh
kgi j − Lh

jgik − 2δh
i L[ jk], (2.4)

where:

Li j = − Ri j

(n − 2)
+

2
n(n − 2)

R[i j] +
Rgi j

2(n − 1)(n − 2)
, (2.5)

Lh
k = glhLlk. (2.6)

Considering (1.17) with (2.5) becomes

Li j = − 1
n − 2

Mi j +
R ji − Ri j

n(n − 2)
+

Rgi j

2(n − 1)(n − 2)
, (2.7)

and
Li j = − 1

(n − 2)
Mi j +

1
(n − 4)(n − 2)

(M ji − Mi j) +
1

2(n − 1)(n − 2)
Rgi j.(2.8) (2.8)

Also, from (1.15), (1.17), (2.5) and (2.8), we obtain

L[i j] = −1
n

R[i j] = −∇[iU j] = − 1
2(n − 4)

(Mi j − M ji). (2.9)

Definition 2.2. The n-dimensional (n ≥ 2m) Kaehlerian Weyl recurrent manifold is called widespread conformal
recurrent manifold if its conformal curvature tensor Cli jk of power 2 fulfills the condition

∇̇rCli jk = PrCli jk + QrGli jk. (2.10)

where Q are correspondingly 1-type of powers 0 and -2 and Cli jk = Ch
i jkghl.

We can prove the following theorem relating to wide spread Kaehlerian Weyl-conformal recurrent curvature
manifolds.
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Theorem 2.1. A Kaehlerian Weyl recurrent manifolds (KWn) is widespread conformal recurrent manifold iff it is
widespread recurrent.

Proof. Assume KWn is widespread conformal recurrent manifold. Transvecting (2.4) by ghl we get
Cli jk = Rli jk + gklLi j − g jlLik + gi jLlk − gikLl j − 2gilL[ jk]. (2.11)

By taking the expanded covariant derivative of (2.11) and using (2.10), (2.11), we obtain
∇̇rRli jk + gkl∇̇rLi j − g jl∇̇rLik + gi j∇̇rLlk − gik∇̇rLl j − 2gil∇̇rL[ jk]

= Pr

[
Rli jk + gklLi j − g jlLik + gi jLlk − gikLl j − 2gilL[ jk]

]
+ QrGli jk. (2.12)

Transvecting (2.12) by F jk and using (1.16), (1.17), (1.18) and (2.8), we derive
(n − 3)
(n − 2)

∇̇rHli +
1

(n − 2)
∇̇rHil − 1

(n − 1)(n − 2)
Fli∇̇rR +

1
(n − 4)

gilF jk∇̇r M jk

= Pr

[
(n − 3)
(n − 2)

Hli +
1

(n − 2)
Hli − 1

(n − 1)(n − 2)
RFli +

1
(n − 4)

gilF jk M jk

]
+

1
2

QrGli jkF jk. (2.13)

Also, multiplying (2.13) by F li and adopting (1.20), we obtain

∇̇rR = PrR +
n(1 − n)
(n − 2)

Qr. (2.14)

Again, multiplying (2.13) by gii and using (1.18) establish

F jk(∇̇r M jk) = PrF jk M jk +
1
2

QrGli jkF jkgli. (2.15)

Since Gli jkF jkgli = 0, therefore
F jk∇̇r M jk = PrF jk M jk. (2.16)

Applying (2.14) and (2.16) in (2.13), we get

∇̇rHli = PrHli +
(n − 1)
(n − 2)

QrFli. (2.17)

Multiplying (2.17) by F i
j, we obtain

∇̇r Ml j = Pr Ml j − (n − 1)
(n − 2)

Qrgl j. (2.18)

Employing (2.14) and (2.18) into (2.8), we derive

∇̇rLi j = PrLi j +
1

2(n − 2)
Qrgi j. (2.19)

Using (2.19), (2.12) reduces to

∇̇rRli jk = PrRli jk +
(n − 1)
(n − 2)

QrGli jk. (2.20)

Hence, the necessary part of the theorem is proved.
Conversely, assume that KWn is widespread recurrent with 1-types P and Q, then

∇̇rRli jk = PrRli jk + QrGli jk. (2.21)
Multiplying (2.21) by F jk and using (1.16), we get

∇̇rHli = PrHli + QrFli, (2.22)

Transvecting (2.22) by F li, we find
∇̇rR = PrR − nQr. (2.23)

while for Hli = MlhFih from (2.22), we get
∇̇r Ml j = Pr Ml j − Qrgl j. (2.24)

Hence from (2.8), (2.22), (2.23), we obtain

∇̇rLi j = PrLi j +
1

2(n − 1)
Qrgi j, (2.25)

∇̇rL[i j] = PrL[i j]. (2.26)

Taking expanded covariant derivative of (2.11) and using (2.25) and (2.26), we get

∇̇rCli jk = PrCli jk +
(n − 2)
(n − 1)

Q(r)Gli jk, (2.27)

which implies that sufficient part of the theorem is proved.
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3. Geometry on Kaehlerian Weyl-Conharmonic recurrent curvature manifolds
The conharmonic curvature tensor Kli jk of Wn(g,U) can be given by Ozen and Altay [9].

Kli jk = Cli jk +
R

(n − 2)(n − 1)
Gli jk, n > 2, (3.1)

where Cli jk is the conformal curvature tensor of Weyl space and Gli jk = gl jgik − glkgi j.
Definition 3.1. The n-dimensional (n ≥ 2m) Kaehlerian Weyl recurrent manifold is called widespread conharmonic
recurrent manifold if its conharmonic curvature tensor Kli jk of power 2 fulfills the condition

∇̇rKli jk = PrKli jk + QrGli jk, (3.2)
where P and Q are correspondingly non-zero 1-types of powers 0 and -2.

We can prove the following theorem relating to widespread Kaehlerian Weyl-conharmonic recurrent curvature
manifolds.
Theorem 3.1. A Kaehlerian Weyl recurrent manifold (KWn) is widespread conharmonic recurrent manifold iff it is
widespread recurrent.
Proof. Asume KWn is widespread recurrent, then

∇̇rRli jk = PrRli jk + QrGli jk. (3.3)
From Theorem 2.1 and (2.27), we have

∇̇rCli jk = PrCli jk +
(n − 2)
(n − 1)

QrGli jk. (3.4)

Taking expanded covariant derivative of (3.1), we find

∇̇rKli jk = ∇̇rCli jk +
1

(n − 1)(n − 2)
Gli jk∇̇rR. (3.5)

Using (3.4) in (3.5), we obtain

∇̇rKli jk = PrCli jk +
(n − 2)
(n − 1)

QrGli jk +
1

(n − 1)(n − 2)
Gli jk∇̇rR. (3.6)

Employing (2.23), (3.6) becomes

∇̇rKli jk = PrCli jk +
(n − 2)
(n − 1)

QrGli jk +
1

(n − 1)(n − 2)
Gli jk(PrR − nQr). (3.7)

Therefore, from (3.1) we get

∇̇rKli jk = PrKli jk +
(n − 4)
(n − 1)

QrGli jk. (3.8)

Hence the necessary part of the theorem is proved.
Conversely, assume that

∇̇rKli jk = PrKli jk + QrGli jk, (3.9)

therefore (3.5) becomes

PrKli jk + QrGli jk = ∇̇rCli jk +
1

(n − 1)(n − 2)
Gli jk∇̇rR. (3.10)

Using (3.1), we have

Pr

(
Cli jk +

R
(n − 1)(n − 2)

Gli jk

)
+ QrGli jk = ∇̇rCli jk +

1
(n − 1)(n − 2)

Gli jk∇̇rR. (3.11)

Multiplying both sides of (3.11) by F jk and using (1.16), we get

2Pr

[
(n − 3)
(n − 2)

Hli +
1

(n − 2)
Hil − 1

(n − 1)(n − 2)
RFli

]
+

1
(n − 4)

gilF jk M jk + Pr
R

(n − 1)(n − 2)

Gli jkF jk + QrGli jkF jk = 2
[
(n − 3)
(n − 2)

∇̇rHli +
1

(n − 2)
∇̇rHil − 1

(n − 1)(n − 2)
Fli∇̇rR

]
+

1
(n − 4)

gilF jk∇̇r M jk +
1

(n − 1)(n − 2)
Gli jkF jk∇̇rR. (3.12)

Since Gli jkF liF jk = 2n, by Transvecting (1.20) with F li and using (1.20), we obtain

∇̇rR = PrR − n(n − 2)
(n − 4)

Qr, (n > 4). (3.13)

Hence, by using (3.2) and (3.5), we get

∇̇rCli jk = PrCli jk +
(n − 2)2

(n − 1)(n − 4)
QrGli jk, (n > 4). (3.14)

From Theorem 2.1, we obtain

∇̇rRli jk = PrRli jk +
(n − 1)
(n − 4)

QrGli jk, (n > 4). (3.15)

the sufficient part of the Theorem 3.1 is proved.
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4. Conclusion
We have established from above two Theorems 2.1 and 3.1, that a Kaehlerian Weyl recurrent manifolds is widespread
conformal recurrent manifold and conharmonic recurrent manifold iff it is widespread recurrent respectively.
Acknowledgement. We are thankful to the Editor and reviewer for them precious recommendation to take the paper
in current form.
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