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CONFORMAL TRANSFORMATION IN AN ALMOST
HERMITIAN MANIFOLD

B. B. Chaturvedi®” and Pankaj Pandey®?

Abstract. In this paper, we have studied a conformal transformation
between two almost Hermitian manifolds and shown that the associated
Nijenhuis tensor is conformally invariant under this transformation. We
have also discussed the properties of contravariant almost analytic vector
field, covariant almost analytic vector field and some other properties in
almost Hermitian manifold under this transformation.
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1. Introduction

The conformal transformation in almost Hermitian manifolds is studied
by different differential geometers time to time. Franco Tricerri and Lieven
Vanhecke [7] found an expression for conformally invariant Bochner curvature
tensor in an almost Hermitian manifold. In 2002, a conformally flat almost Her-
mitian manifold with anti-invariant Ricci tensor has been discussed by Toulias
and Philippos J. Xenon [6]. K. Matsuo [3] obtained certain results related to
local conformal flat Hermitian manifolds and derived a necessary and suffi-
cient condition for a Hermitian manifold to be locally conformally Hermitian
flat-manifold for dimensions not less than 4. Also In 2008, a semi-symmetric
non-metric connection has been considered by B. B. Chaturvedi and P. N.
Pandey [2] and studied contravariant almost analytic vector fields on a Kéhler
manifold.

Recently, Falleh R. Al-Solamy and Reem Al-Ghefari [{l] and Marta Teofilova
[5] extended the ideas of conformal transformation by studying the conformal
vector fields in Kahler manifolds and complex connections on conformal Kahler
maifolds with Norden metric respectively.

A transformation ¢ from manifold (M, F, g) to (M, F,g) such that

(11) pxg=g=c g,

is called a conformal transformation, where f: M —R is a smooth function and
(M, F,g) is an almost complex manifold with almost complex structure F and
Reimannian metric ¢ satisfying g(FX, FY) = g(X,Y).
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Two almost Hermitian manifolds (M, F,g) and (M, F,g) are said to be
conformally related if there exist a conformal transformation between them.
We know that, if two almost Hermitian manifolds are conformally related then
the following relation holds:

(1.2) VY =VxY = X(f)Y = Y()X +g(X,Y)o(f),

where X,Y are vector fields, V and V are connections with respect to the
metric g and § respectively. o(f) denotes the gradient of f and defined by

X(f) = 9(X,0(f)).

Definition 1.1. The conformal transformation ¢ from manifold (M, F,g) to
(M, F,9q) is called homothetic if the function f: M —R, given in equation (IT),
is a constant function.

Definition 1.2. An almost Hermitian manifold (M, F', g) is said to be Kéhler-
like manifold if it satisfies

(1.3) (VxF)(FY)+ (VexF)Y =0.

2. Associated Nijenhuis tensor

We know that the Nijenhuis tensor in an almost Hermitian manifold is
defined by

(21) N(X,Y) = [(VxF)(FY) + (Vpx F)Y] — [(Vy F)(FX) + (Vpy F)X].
Therefore, the Nijenhuis tensor with respect to connection V is given by
(22) N(X,Y)=[(VxF)(FY)+ (VexF)Y] - [(VyF)(FX) + (Vry F)X].

Now, taking covariant derivative of F'Y with respect to connection V, we can
write

(2.3) (VxF)Y =Vx(FY) - F(VxY).
Using (I2) in equation (E33), we have

(VxF)Y =Vx(FY) = (FY)(/)X + g(X, FY)o(f) — F(VxY)

(24) +Y(f)FX = g(X,Y)Fo(f).

Replacing Y by FY in equation (24), we have

(VxF)(FY) == VxY +Y(f)X — g(X,Y)o(f) = F(Vx (FY))

(2.5)
+(FY)(f)FX — g(X,FY)Fo(f).

Replacing X by FX in equation (24), we get

(VexF)Y =Vpx(FY) = (FY)(f)FX + g(X,Y)o(f)

(2.6) — F(VpxY)=Y(f)X — g(FX,Y)Fo(f).
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Adding equations (E8) and (28), we obtain
(27) (ﬁxF)(FY) —|—(ﬁpxF)Y = (VxF)(FY) + (VFxF)Y
Using equation (E72) in (22), we get

(28) N(X,Y)=[(VxF)(FY)+ (VexF)Y] = [(VyF)(FX) + (Vry F)X].
From equations (21) and (23), we have

(2.9) N(X,Y) = N(X,Y).

Now, if we denote the associated Nijenhuis tensors of type (0,3) with respect
to connections V and V respectively by

(2.10) N(X,Y,Z)=g(N(X,Y),Z) and N(X,Y,Z)=g(N(X,Y),Z),

then from equation (E9), we can write

(2.11) IN(X,Y),Z) =g(N(X,Y), Z).
By the use of (), above equation implies

(2.12) IN(X,Y),Z) = e T g(N(X,Y), Z).
From equations (Z10) and (2132), we get

(2.13) N(X,Y,Z)=e 2 N(X,Y, 2).
Hence, from (EZ4) and (ECI3), we can state:

Theorem 2.1. Let (M, F,g) and (M, F,q) be almost Hermitian manifolds,
conformally related by equation (), then

(i) the manifold (M, F,q) is a Kdahler-like manifold if and only if (M, F,g) is
a Kdhler-like manifold.

(i) the associated Nijenhuis tensor N(X,Y,Z), defined in (ZI0), is conformally
tnvartant.

Again, if we denote

(214)  N(X,Y,2)+ N(Y,Z,X)+ N(Z X,Y) = N(X,Y,2),
and
(2.15) N(X,Y,2) + N(Y, Z,X) + N(Z,X,Y) = N(X,Y, Z),

then by interchanging X,Y, Z in cyclic order in equation (E13) and adding, we
obtain

N(X,Y,Z)+ N(Y,Z,X)+ N(Z,X,Y) = e > [N(X,Y, Z)
+N(Y,Z,X) + N(Z,X,Y)).
from equations (E14), (E71H) and (E1H), we can write

(2.17) N(X,Y,Z)=e Y N(X,Y, Z).

(2.16)

Thus we compose:
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Theorem 2.2. Let (M, F,g) and (M, F,q) be almost Hermitian manifolds,

conformally related by equation (D), then the tensor ]\~7(X, Y,Z) defined in
equation (ZI4) is conformally invariant.

3. Contravariant almost analytic vector field

A vector field V' is said to be a contravariant almost analytic vector field in
an almost Hermitian manifold if

(3.1) (LyF)X =0,

and the vector field V is called a strictly contravariant almost analytic vector
field if V and F'V are both contravariant almost analyic vector fields, where X
is a vector field and L denotes the Lie derivative defined by

(3.2) LyX =[V,X] =VyX —VxV.

Now, taking Lie differentiation with respect to V' of the vector field F.X, we
can write

(3.3) (LyF)X =Ly(FX) - F(LyX).

Using equation (B2) in (B3), we have

(3.4) (LyF)X =Vy(FX)—-F(VyX) - VrxV+ F(VxV).
Similarly, for the conformal connection V, equation (84) can be written as
(3.5) (LyF)X =Vy(FX) - F(VyX) - VpxV + F(VxV),

where, zdenotei the Lie derivative with respect to connection V defined as
LyX =VyX — VxV. Using (I72) in (BF), we get

(3.6) (LyF)X = Vy(FX) - F(VyX) = VexV + F(VxV).
From (B2) and (B3), we have

(3.7) (LyF)X = (LyF)X.
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Thus, we conclude:

Theorem 3.1. Let (M, F,g) and (M, F,q) be almost Hermitian manifolds,
conformally related by equation (), then the vector field V is contravariant

almost analytic in (M, F,q) if and only if it is contravariant almost analytic in
(M, F,g).

Replacing Y by V in equation (E9), we get

(3.8) N(X,V) = N(X,V).

Equation (88) shows that N (X, V) vanishes if and only if N(X,V) vanishes.
Also, we know [d] that the necessary and sufficient condition for a contravariant
almost analytic vector field V' to be strictly contravariant almost analytic vector
field, is that the Nijenhuis tensor vanishes. But the condition of Kahler-like
manifold is the necessary and sufficient condition [d] for vanishing of Nijenhuis
tensor.

Hence, we can state:

Theorem 3.2. Let (M, F,g) and (M, F,q) be almost Hermitian manifolds,
conformally related by equation (), then the necessary and sufficient condi-
tion for a conravariant almost analytic vector field V to be strictly contravariant
almost analytic is that the manifold (M, F,g) is a Kahler-like manifold.

4. Covariant almost analytic vector field

A 1-form w is said to be a covariant almost analytic vector field [d] in an
almost Hermitian manifold if the following condition holds:

(A1) w(VxE)Y — (VyF)X) - (Vexw)Y + (Vxw)(FY) =0,

where X, Y are vector fields.
Let us define 1-form @ in almost Hermitian manifold (M, F,g) such that

(12) B(X) = (X, ).
By using (), equation (E=2) can be written as
(4.3) @(X) = e g(X,p) = e Hw(X),

where p is the associated vector field defined by w(X) = g(X, p).
The condition (BTI), for @ to be a covariant almost analytic vector field in
(M, F,g), becomes

(44)  B(VxF)Y - (VyF)X) - (Vex@)Y + (Vx@)(FY) = 0.
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Now we propose:

Theorem 4.1.  Let (M, F,g) and (M, F,q) be almost Hermitian manifolds,
conformally related by equation (), and w, W are 1-forms in (M, F,g) and
(M, F,q) respectively. If w is covariant almost analytic vector field in (M, F, g)
then @ is covariant almost analytic vector field in manifold (M, F,q) if and
only if one of the following conditions hold:

() X(Nw(FY) = (FX)(f(Y).
(i) The manifold (M,F,g) is homothetic.
Proof. Using equation (E) in (E), we can write
S(TxF)Y — (VyF)X) =a((VxF)Y — (Vy F)X) + Y()@(FX)

(4.5) = X(Nw(FY) + (FX)(fw(Y) - (FY)(f)w(X)
+29(X, FY)w(o(f))-

Using equation (B33) in (A1), we can write
G(VxF)Y — (VyF)X) = e Y w(VxF)Y — (VyF)X) + Y(f)@(FX)
(4.6) — X(N)w(FY) + (FX)()w(Y) = (FY)(f)w(X)
+29(X, FY)w(a(f))-
Using equation (1) in (E8), we have
G(VxF)Y — (VyF)X) = e [(Vexw)Y — (Vxw)(FY)]
(4.7) +Y(Nw(FX) - X(w(FY) + (FX)(fw(Y)
— (FY)(N)w(X) + 29(X, FY)w(o(f))-
Again by straightforward calculation, we can write
(4.8) (Vex@)Y — (Vx@)(FY) =Vpx 0(Y) —w(VpxY
' = Vx®(FY) +®(Vx(FY)).
Using (I2) in (EX), we have
(ﬁpxw)y — (ﬁxw)(FY) = VFXw(Y) — w(VFXY) + Y(f)w(FX)
(4.9) — VxW(FY) +@(Vx (FY)) — (FY)(f)w(X)
+29(X, FY)w(o(f)).
Using (E23) in (B9), we get
(ﬁpxw)y — (ﬁxw)(FY) Vexe —2f ( ) E(VF)(Y)
(4.10) LY (fB(FX) — Vx e w(FY) + 2(Vx(FY))
— (FY)(f)w(X) +29(X, FY)w (o (f))-
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Above equation implies

(Vox@)Y — (Vx@)(FY) = 2X(f)@(FY) — 2FX)(/)a(Y)
(4.11) +Y(Nw(FX) - (FY)(f)w(X)
+e Y [(Vrxw)Y — (Vxw)(FY)] + 29(X, FY)w (o (f)).
Subtracting (EI) from (E2), we have

(Vrx®)Y — (Vx@)(FY)—(Vrx@)Y + (Vx@)(FY) =

(4.12) =3[X(NHB(FY) — (FX)(f)w(Y)].

Equation (E132) can also be written as

(VEx@)Y — (Vx@)(FY)~(Vrx@)Y + (Vx@)(FY) =

(4.13) — 3¢ Y [ X(f)w(FY) — (FX)(fw(Y)].

From above equation, we can say that if
(4.14) X(f)w(FY) = (FX)(f)w(Y),

then @ is a covariant almost analytic vector field in (M, F, g).

Hence, the first part of the theorem is completed.

Again, if the manifold (M, F,g) be homothetic then by definition (W) the
function f:M— R will be a constant function and then we have

(4.15) X(f)=0.

Hence, from (ET3) we can say that if the manifold (M, F,g) be homothetic
then @ is a covariant almost analytic vector field in (M, F,g).
Hence, the second part of the theorem is completed. O

5. Some properties of conformal transformation
Let us denote
(5.1) 'F(X,Y)=g(FX,Y), and 'F(X,Y)=g(FX,Y).

Now, taking covariant derivative of "F(Y, Z) with respect to X, easily we can
conclude

(Vx'F)Y,2)=Vx'F(Y,Z) - "F(VxY, Z)

(5:2) ' F(Y,VxZ).

Using equation (6) in (532), we get

(Vx 'F)(Y,Z) =Vxg(FY, Z) - g(F(VxY), 2)

(53) ~g(FY,Vx2).
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Using equation (2) in equation (B=3), we have

(Vx 'F)(Y,2) = Vxg(FY, Z) = g(F(VxY), Z)
(5.4) +Y(Ng(FX,2) - g(X,Y)g(Fo(f),Z) = g(FY,VxZ)

+ X(Ng(FY, Z2) + Z(f ) (FY, X) = g(X, 2)g(FY,0(f)).
By interchanging Y and Z, above equation gives
(Vx'F)(2,Y)=Vxg(FZ)Y)-g(F(VxZ).Y) + Z(f)§(FX.Y)

(5.5) —9(X, 2)g(Fo(f),Y) —g(FZ,VxY)+ X(f)g(FZ,Y)
Adding equations (64) and (B3), we get
(5.6) (Vx F)Y, 2) + (Vx F)ZY) =0,
Equation (58) can be written as
(5.7) (Vx'F)(Y,Z) = —(Vx F)(Z,Y).
Thus, we conclude:

Theorem 5.1. Let (M, F,g) and (M, F,g) be almost Hermitian manifolds,
conformally related by equation (), then (Vx'F)(Y,Z) is skew-symetric in
Y and Z.

Now, we propose:

Theorem 5.2. Let (M, F,g) and (M, F,q) be almost Hermitian manifolds con-
formally related by equation (). If the manifold (M, F,g) is homothetic then
Y (Vx'F)Y, Z) is conformally invariant.

Proof. Interchanging X,Y, Z in cyclic order in equation (4), we get

(Vy 'F)(2,X) =Vyg(FZ,X) - g(F(VyZ), X) + Z(f)3(FY, X)
(5-8) —9(Y, Z2)g(Fo(f),X) —g(FZ,VyX) +Y(f)g(FZ, X)
+X(Ng(Fz,Y) = g(Y, X)g(FZ,0(f)),
and
(Vz2'F)(X,Y) = Vzg(FX,Y) - §(F(V2X),Y) + X(f)g(FZ,Y)
(5.9) —9(Z, X)g(Fo(f),Y) —g(FX,VzY)+ Z(f)g(FX,Y)
+Y(Ng(FX, Z) = 9(2,Y)g(FX,0(f)).
Adding equations (64), (6) and (5H), we have
(Vx 'F)Y,Z2) + (Vy 'F)(2,X) + (V7 'F)(X,Y) = Vxg(FY, Z)
L (VXY FZ) ~G(VxZ,FY) + Vyg(FZ, X) + Z(Dg(FY, X)

+3(VyZ, FX)—g(VyX,FZ) +Vzg(FX,Y) + X (f)g(FZ,Y)
+Y(f)G(FX,Z2)+G(VzX,FY) —g(VzY, FX).

(5.10)
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Using equation (CW) in (610), we can write

(Vx F)Y, Z) + (Vy 'F)(Z,X) + (V2 'F)(X,Y) = Vxe > g(FY, Z)
+9(VxY,FZ)—G(VxZ,FY) + Vye ? g(FZ,X)
(5.11) + Z(f)g(FY,X) +G(VyZ, FX) - G(VyX,FZ)
+ Ve g FX,Y)+ X(fg(FZ,Y)+Y(f)g(FX, 2)
+G(VzX,FY) —g(V,Y,FX).

The above equation implies

(Vx'F)Y,2) + (Vy 'F)(Z,X) + (Vz'F)(X)Y) =
(5.12) e Hg(VxF)Y,2) + g(Vy F)Z, X) + g((VzF)X,Y)]

=3¢ Y [X(Ng(FY, 2) + Y (f)g(FZ,X) + Z(f)g(FX,Y)].
Now, we know that in an almost Hermitian manifold
(5.13) (Vx'F)(Y, 2) = g(Vx F)Y, 2).
Using (B13) in (B12), we get

(Vx'F)(Y.2) + (Vy 'F)(Z.X) + (V2 'F)(X,Y) =
(5.14) e H(Vx'F)Y, 2) + (Vy 'F)(Z,X) + (V2 F)(X,Y)]
— 3¢ M [X(f)g(FY.2) + Y (f)9(FZ,X) + Z(f)9(FX,Y)].

Now, if the manifold (M, F, g) is homothetic then X (f) = 0 and above equation
gives

(Vx'F)Y,Z) + (Vy 'F)(Z,X) + (Vz'F)(X,Y) =

(5.15) B / /
e (Vx'F)Y,Z) + (Vy 'F)(Z,X) + (V7' F)(X,Y)].
(5.16) Z (Vx'F)Y,Z)=e? Z Vx'F)(Y,Z).

From (BM), we can say that > (Vx 'F)(Y, Z) is invariant under the conformal
transformation defined in (I).
Hence, the theorem is proved. O
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