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Complex Connections on Conformal Kahler
Manifolds with Norden Metric

Marta Teofilova

Faculty of Mathematics and Informatics, Bulgaria Blvd. 28003 Plovdiv, Bulgaria

Abstract. An eight-parametric family of complex connections on a slaé complex manifolds
with Norden metric is introduced. The form of the curvatueagor with respect to each of these
connections is obtained. The conformal group of the coms@ieonnections is studied and some
conformal invariants are obtained.
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INTRODUCTION

Almost complex manifolds with Norden metric were introdddsy A. P. Norden [9]
and studied in [4] as generaliz&Imanifolds. A classification of these manifolds with
respect to the covariant derivative of the almost complexcsire is obtained in [1] and
two equivalent classifications were given in [2, 3].

An important problem in the geometry of almost complex maldg with Norden
metric is the study of linear connections preserving theoalntomplex structure or
preserving both, the structure and the metric. The first ane<alled almost complex
connections, and the second ones are known as natural ¢cmmse@ special type of
natural connection is the canonical one. In [2] it is provieat ton an almost complex
manifold with Norden metric there exists a unique canorgoainection. The canonical
connection (called also tligconnection) and its conformal group on a conformal Kahler
manifold with Norden metric are studied in [3].

In [11] we have obtained a two-parametric family of complenrections on a
conformal Kahler manifold with Norden metric and have pibthat the curvature
tensors corresponding to these connections coincide ttctirvature tensors of the
canonical connections.

In the present work we continue our research of complex adiiores on the complex
manifolds with Norden metric by focusing our attention om thass of the conformal
Kahler manifolds, i.e., manifolds which are conformallyue@lent to Kéher manifolds
with Norden metric. We introduce an eight-parametric fgnoil complex connections
on such manifolds and consider their curvature propeiifesalso study the conformal
group of these connections and obtain some conformal eavewi In the last section we
give an example of a four-dimensional conformal K&hler rfdiwith Norden metric,
on which the considered complex connections are flat.
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PRELIMINARIES

Let (M,J,0) be a 2-dimensional almost complex manifold with Norden metrie, ,iJ
is an almost complex structure agds a pseudo-Riemannian metric bhsuch that

Px=—x,  gdxJy) =—-g(xy),xy € X(M) 1)

for all differentiable vector fieldg, y on M.

The associated metr@of g given byg(x,y) = g(x,Jy) is a Norden metric, too. Both
metrics are necessarily neutral, i.e., of signatuma).

If O is the Levi-Civita connection of the metrg; the fundamental tensor fiek of
type (0,3) onM is defined by

F(X7y7 Z) = g((DX‘J>y7 Z) (2)
and has the following symmetries
F(xY.2) =F(x,2y) =F(x,Jy,J2). 3)

Let {&} (i =1,2,...,2n) be an arbitrary basis ofpM at a pointp of M. The
components of the inverse matrix gfwith respect to the basis above are denoted by
g’ . The Lie 1-formsB and 6* associated witl, and the Lie vectof2, corresponding
to 6, are defined by, respectively as

6(x) =d'F(e,e,x), 0"=00J, 08X =g(xQ). (4)
The Nijenhuis tensor fieltll for J [7] is given by
N(x,y) = [I% Iy — [x,y] = I[Ix y] = I[X, Jy].
Itis known [8] that the almost complex structure is compfeanid only if it is integrable,
i.e., iff N=0.
A classification of the almost complex manifolds with Nordeetric is introduced in
[1], where eight classes of these manifolds are charaetbazcording to the properties

of F. The three basic class#4 (i = 1,2, 3) are given by
e the class?;

F(x.Y.2) = 4 [9(x,Y)8(2) +9(x.Jy)8(J2) +9(x,2)6(y) +9(x,I26(Jy)]  (5)
e the class#; of the special complex manifolds with Norden metric
F(XY,J2 +F(y,zJIX)+F(zx,Jyy=0, 6=0 < N=0, 6=0 (6)
e the class#;3 of thequasi-Kahler manifolds with Norden metric
F(X,Y,2) +F(y,zx)+F(zxy) =0. (7)

The special clas® of the Kahler manifolds with Norden metris characterized by the
conditionF = 0 (JJ = 0) and is contained in each one of the other classes.
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Let R be the curvature tensor di, i.e., R(x,y)z = Ox0yz — OyOxz — Oxyz The
corresponding (0,4)-type tensor is definedRfy,y,z,u) = g(R(x,y)z u).

A tensorL of type (0,4) is called aurvature-liketensor if it has the properties &
ie.,

L(X7ya Z, U) = —L(y,X, Z, U) = _L(vaa U,Z)

8
L(X,y,Z, U)—f—L(y,Z,X, U)—i—L(Z,X,y, U) =0. ( )

The Ricci tensop(L) and the scalar curvature$l) andt*(L) of L are defined by

p(L)(y.2) =d'L(a,y.z€)

(L) =g'p(L)(a,g), T(L)=dp(L)(a,le). ©)
A curvature-like tensok is called aKahler tensonf
L(x,y,JzJu) = —L(X,y,zu). (10)
Let Sbe a tensor of type (0,2). We consider the following tens8}s [
P1(S)(x,¥;z.u) = g(y,2)S(%,u) — 9(x,2)S(y; u) +9(%, U)S(y, 2) — 9(y, U)S(X,2)
Pa(S) (%Y, 2. u) = g(y,J9S(x,Ju) —g(x, IZ)S(y, Ju) (11)

+9(%, JU)S(y,J2) — g(y, Ju)S(x,J2)
= %4’1(9), B = %4’2(9), = —1(9) = Yr(0).

The tensonp, (S) is curvature-like ifSis symmetric, and the tensgr(S) is curvature-
like if Sis symmetric and hybrid with respectdpi.e.,S(x,Jy) = Sy, JX). In the last case
the tensok Y — Y} (S) is Kahlerian. The tensomg — 7 and7g are also Kéhlerian.
The usual conformal transformation of the Norden meagr{conformal transforma-
tion of type I [3]) is defined by
g=¢"g (12)

whereu is a pluriharmonic function, i.e., the 1-forduo J is closed.

A #1-manifold with closed 1-form® and6* (i.e.,d@ = d6* = 0) is called acon-
formal Kéhler manifold with Norden metridNecessary and sufficient conditions for a
#1-manifold to be conformal Kéhlerian are

(Ox0)y = (Oy0)x, (Ox6)Jy = (0y0)Ix. (13)

The subclass of these manifolds is denoted/4Y.

It is proved [3] that ano-manifoId is conformally equivalent to a Kahler manifold
with Norden metric by the transformation (12).

Itis known that on a pseudo-Riemannian manifidlddimM = 2n > 4) the conformal
invariant Weyl tensor has the form

WR) = R= g {tap) ~ gy - (14)
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Let L be a K&hler curvature-like tensor on an almost complex m&hiwith Norden
metric(M, J,g), dimM = 2n > 6. Then the Bochner tensBfL) for L is defined by [3]

B@):L—Ea%iﬁﬁu—udﬂp@D
1

T an—1n-2

{tr(L)(m—m)+1*(L)m}. (15)

COMPLEX CONNECTIONS ON #1-MANIFOLDS

Definition 1 ([7]). A linear connectioril’ on an almost complex manifold, J) is said
to bealmost complex ['J = 0.

We introduce an eight-parametric family of complex conitect in the following

Theorem 1. On a #3-manifold with Norden metric there exists an eight-parancetri
family of complex connections defined by

Oy = Oxy +Q(x,Y) (16)
where the deformation tensorQy) is given by

Q) = 5 [09YX— g(x )30

+} {A10(X)y+ A20(X)Iy+ A30(IX)y + A48 (IX) Iy
" (17)
+25[0(y)x— 8(Jy)IX + A6 [8(y)Ix+ O(Jy)X]

+A719(%,Y)Q — g(x,Jy)JIQ] + A [9(x,Iy)Q +9(x, y)IQ] }
withA eR,i=12,...,8.

Proof. By (5), (16) and (17) we verify thdtl,J)y = O, Jy— JO0,y = 0, and hence the
connections!’ are complex for anyj e R,i=1,2,...,8. O

Let us remark that the two-parametric family of complex ceetions obtained for
AM=A4, A3= =22, A5=A7=0,Ag= —Ag = %1, is studied in [11].

Let T’ be the torsion tensor df’, i.e., T'(x,y) = O}y — 0Ly — [x,y]. Taking into
account that the Levi-Civita connectidnis symmetric, we hava@’(x,y) = Q(x,y) —
Q(y,x). Then by (17) we obtain

T(%Y) = = (A= As) B0y ~ OY)H] + (A~ Ae) B9y — B(y)N -

N <)\3—/\6—%) 103Xy — B(IYN + (Aa+ As) [9<Jx>ay—e<ay>ax1}.
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It is easy to verify the following identities

! _ ! _ / —
X,G)/,ZT (Xa Y, Z) - X,G)/,ZT (JX7Jy,Z) - X,G)/,ZT (X’ yv‘JZ) =0 (19)

where@ is the cyclic sum by the argumentsy, z
Next, we obtain necessary and sufficient conditions for thraglex connectiongl’
to be symmetric (i.eT’ = 0).

Theorem 2. The complex connectiond defined by (16) and (17) are symmetric on a
#1-manifold with Norden metric if and only My = —A4 = A5, Ao = Az — l = Ag.

Then, by putting; = —A4 = As = U1, A = A = Az — 5 = Lo, A7 = U3, Ag = [

in (17) we obtain a four-parametric family of complex symmetonnectlonst]” ona
#1-manifold which are defined by

1
%Y = Oxy+ - [6(3y+ 6(Iy)x—g(x ¥)IQ]

[ [009y+ B(y)x— B(INIy— B(3y)IX
+H2[6(IX)y+ 8(JIy)x+ B(x)Jy+ 6(y)I¥
+ H3[9(%,Y)Q — g(x, JY)JQ] + pa[g(x, Jy)Q +g(x,y)IQ]} .

(20)

The well-known Yano connection [12, 13] on#4-manifold is obtained from (20) for
p1=p3=0,s=—fp=1.

Definition 2 ([2]). A linear connectiorill’ on an almost complex manifold with Norden
metric (M, J, g) is said to benaturalif [’'J = O’'g = 0 (or equivalently'g = 0'g = 0).

From (16) and (17) we compute the covariant derivativeg ahdg with respect to
the complex connectioris’ as follows

(D;(g) (ya Z) = _Q(Xa Y, Z) - Q(Xa Z y)
= T {2(mOXGY.2) +220(Xg(y.32 + AsB(IN(Y.2

+A46(IX9(y,J2)] + (A5 + A7) [B(Y)9(X,2) + B(2)g(%,y)  (21)
—0(Jy)9(x,J2) — 6(I2)g(x,Jy)] + (A6 + As) [B(y)9(X,I2)
+6(2)9(x,Jy) + 6(Iy)g(x,2) + 6(IZg(x,y)] }

and

(D;(g) (y7 Z) = —Q(X,y,JZ) - Q(X7‘]Zay)
Then, by (21) we get the following

Theorem 3. The complex connectioris’ defined by (16) and (17) are natural on a
#i1-manifold if and only il; = Ao = A3 =A4 =0, A7 = —Ag5, Ag = —Ag.
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If we putdg=—-Ag=5 A7=—-A5=1, A =0,i=1,23,4, in (17), we obtain a
two-parametric family of natural connection$’ defined by

1-2s 1
XY = Dxy+ — = [0(9)x—g(x ¥)IQ + ~{s[g(x, IY)Q — 6(y)IX
(% Y)Q — g(x, Iy)IQ — B(y)x+ 6(Jy)IN} .
The well-known canonical connection [2] (Brconnection [3]) on &/1-manifold with
Norden metric is obtained from (22) fere= %1, t=0.

Below we summerize the above results in the following table

(22)

| Connection typg Symbol | Parameters |
| Complex 0’ AeER,i=12..8.
Comol Wi, i=1,2,3,4
ompiex ng A= As=As, =Mz =Ag=As—}
symmetric Hi=A1=—A4=As5, I =A2=Ag=A3— 3
Uz = A7, Us = Ag
st
Natural o” S=Ag=—Ag, t=A7=—Ag
Ai=0,i=1234

Our next aim is to study the curvature properties of the cempbnnections!'. Let
us first consider the natural connectidh obtained from (22) fos=t =0, i.e.,

Y=y + o (009X~ g(x )30, (23

This connection is a semi-symmetric metric connection, aeconnection of the form
Oxy+ w(y)X—9(x,y)U, wherew is a 1-form andJ is the corresponding vector af, i.e.,
w(xX) = g(x,U). Semi-symmetric metric connections are introduced in & atudied
in [6, 14]. The form of the curvature tensor of an arbitrarywecection of this type is
obtained in [14]. The geometry of such connections on almastplex manifolds with
Norden metric is considered in [10].

Let us denote byR® the curvature tensor ofl°, i.e., RO(x,y)z = OQ0z —

0909z — D&y]z. The corresponding tensor of type (0,4) is definedR8yx,y,z u) =

g(RO(x,y,)z u). According to [14] it is valid

Proposition 1. On a#4;-manifold with closed 1-forr@* the Kahler curvature tensorR
of 0° defined by (23) has the form

R =R - 4a(P) (22)
where
PcY) = (0x0) Jy+ - 00060y) + - Dg(cy) + 25D gy, (25)
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Since the Weyl tenstW (y1(S)) = 0 (whereSis a symmetric (0,2)-tensor), from (24)
and (25) we conclude that
W(R%) =W(R). (26)

Thus, the last equality implies

Proposition 2. Let(M, J,g) be a#3-manifold with closed 1-forr*, and1° be the nat-
ural connection defined by (23). Then, the Weyl tensor igiambby the transformation
0— O,

Further in this section we study the curvature propertigh@efcomplex connections
[’ defined by (16) and (17). Let us denote Rythe curvature tensors corresponding to
these connections.

If a linear connectio]’ and the Levi-Civita connectionl are related by an equation
of the form (16), then, because@f) = 0, their curvature tensors of type (0,4) satisfy

g(R,(X7 y)Z, U) = R(Xa Y, Z, U) + (DXQ) (yv Z, U) - (DYQ) (X7 Z, U)
+Q(Xa Q(ya Z)? U) - Q(ya Q(Xa Z)= U)

whereQ(x,y,z) = g(Q(x.Y),2).
Then, by (16), (17), (24), (25), (27) we obtain the relatie@tvieenR andR° as
follows

(27)

Fy(x7 Y. Z, U) = RO(X7 Y, Z, U) + g(y7 )A]_(X U) - g( Z)Al(y7 U)
—I—g(X, U)Az(y, Z) - g(y7 )A2<X Z) (yv‘] )A]_(X, U)
+9(%,J2)A1(y, Ju) — 9(X, Ju)Ax(Y,J2) + g(Y, Ju)Ax(X,J2)

(28)
+ [)\5)\7;/\6)\8 0(Q)+ A7*A5+2(2)r‘]g)‘8+’\6’\7 8(JQ) ] {m -1} (X Y,z )
_ [%9(9) _ /\G—As+2(2)r\]g)\7—)\s/\s ] 13(X, Y, Z, U)
where
ruixy) = 1 { (00)y+ Hio001) — 06(x60y)]
+’\_ns {(Dx9)3y+ - r32‘8[9009(3/) - 9(JX>9(JY>]}
+—/‘7(4£\r?2‘ Y 16x)0(3y) + 03 6(y)
(29)

pelxy) = £ { ()~ El609009) - 89981y |

_’\_ne {(Dxe)Jy+ 12?6[9(@96/) - 9(JX>9(JY)]}

As5(4A6+1)
+ 2n?

[6(x)8(Jy) +0(INO(y)]-
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We are interested in necessary and sufficient condition® ftr be a Kahler curvature-
like tensor, i.e., to satisfy (8) and (10). From (11), (28§ 4R9) it follows thatR' is
K&bhlerian if and only ifA; (x,y) = A2(X,y). Hence we obtain

Theorem 4. Let (M, J,g) be a conformal Kahler manifold with Norden metric, ant
be the complex connection defined by (16) and (17). THes,adKahler curvature-like
tensor if and only il; = —A5 andAg = —Ag. In this case, from (16) and (17) we obtain
a six-parametric family of complex connectidiiswhose curvature tensors Rave the
form

R = R+ g g} (8022 (91— 4o} (9

%{Wl— W2} (Ss) + )\7(1_2:28)6(JQ) {m -} (30)
+2A7A§29(Q) i

where R is given by (24), (25), and
276(Q)

Si(6Y) = (DO)y+ 7 10008(y) - 0300y "o D g(x.y)
+A762<r‘3 gy
S(6y) = (06) dy+ - 2%[6(x)6(y) - 0(316(3y) (31)
280(Q) (1—2g)0(3Q)

5, a(x,y) + TQ(X,JY)
S(xy) = 8(x)8(Jy) + 6(Ix)6(y).
From (30), (31) and Theorem 4 we get

Corollary 1. Let(M,J,q) be a conformal Kahler manifold with Norden metric ant
be the eight-parametric family of complex connections ddfioy (16) and (17). Then
R =R’ifand only ifA\; = 0fori =5,6,7,8.

Let us remark that by putting; = 0 fori = 1,2,5,6,7,8 in (17) we obtain a two-
parametric family of complex connections whose Kéhler atuke tensors coincides
with RO on a#/;-manifold with closed 1-forn®*.

Theorem 2 and Corollary 1 imply

Corollary 2. On a conformal Kahler manifold with Norden metric the Weyl tenso
invariant by the transformation of the Levi-Civita conneatiin any of the complex
connection’ defined by (16) and (17) fo =0, i=5,6,7,8.

Since for the Bochner tensor o1 — Y} (S) itis valid B ({yn — yr}(S)) =0, where
Sis symmetric and hybrid with respectdpfrom Theorem 4 and (11) it follows that

B(R) = B(RO). (32)
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In this way we have proved the truthfulness of the following

Theorem 5. Let (M, J,g) be a conformal Kahler manifold with Norden metric, e

the curvature tensor dff defined by (16) and (17) fot; = —As, Ag = —Ag, and ¥ be

the curvature tensor ofl® given by (23). Then the Bochner tensor is invariant by the
transformationg1® — [,

CONFORMAL TRANSFORMATIONS OF COMPLEX
CONNECTIONS

In this section we study the usual conformal transformatimiithe complex connections
[’ defined in the previous section.

Let (M,J,g9) and(M,J,g) be conformally equivalent almost complex manifolds with
Norden metric by the transformation (12). It is known thad tlevi-Civita connections
0 andO of g andg, respectively, are related as follows

Oy = Oxy+ a(X)y+ a(y)x—g(x,y)® (33)

whereo(x) = du(x) and® = grado, i.e., g(x) = g(x,®). Let 6 be the Lie 1-form of
(M, J,9). Then by (4) and (33) we obtain

8=06+2n(00J), Q=e?(Q+2nJ0). (34)

In these settings is valid the following

Lemmal. Let(M,J,g) be an almost complex manifold with Norden metric &vidJ, g)
be its conformally equivalent manifold by the transformat(12). Then, the curvature
tensors R andR of (] and [, respectively, are related as follows

R=e{R-y1 (V) -1m0(0)} (35)

where x,y) = (0x0)y— a(X)a(y).

Let us first study the conformal group of the natural conmecfi® given by (23).
Equalities (23) and (33) imply that its conformal group i$iled analytically by

—0
Ocy = O%y+ 0(X)y. (36)

It is known also that if two linear connections are relatedalbyequation of the form
(36), whereo is a 1-form, then the curvature tensors of these connectiminside iff o
is closed. Hence, it is valid

Theorem 6. Let (M, J,g) be a’#1-manifold with closed 1-forn@*. Then the curvature
tensor R of (% is conformally invariant, i.e.,

R = R, (37)
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Further in this section we will assume thad, J, g) is a conformal Kahler manifold
with Norden metric. TheriM, J, ) is a K&hler manifold and thug = 0. From (34) it

follows 0 = (6 0J). Then, from (16) and (17) we g& =0 and henc® = Rfor all
AeR,i=12..8.1In particular,ﬁ’ -R. Then, Theorems 5 and (32) imply
Theorem 7. On a conformal Kéhler manifold with Norden metric the Bochnewature
tensor of the complex connectionsdefined by (16) and (17) satisfying the conditions
A7 = —As and Ag = —Ag is conformally invariant with respect to the transformation
(12), i.e.,

B(R) = ¢é“B(R). (38)

Let us remark that the conformal invariancy of the Bochnesaermf the canonical
connection on a conformal K&hler manifold with Norden neeisiproved in [3].
From Theorem 6 and Corollary 1 we obtain

Corollary 3. Let(M,J,g) be a conformal Kahler manifold with Norden metric ant
be a complex connection defined by (16) and (17); ¥ O for i = 5,6,7,8, then the
curvature tensor ofl’ is conformally invariant by the transformation (12).

AN EXAMPLE

Let G be a real connected four-dimensional Lie group, grx its corresponding Lie
algebra. If{e;, e, e3,e4} is a basis ofy, we equipG with a left-invariant almost complex
structurel specified by the relations

Ja=g, Jo=¢, Jg=-6, Jg=-& (39)
We also define a left-invariant pseudo-Riemannian metdn G by

g(er,e1) = g(e, ) = —g(e3,€3) = —g(€s4,84) = 1

40
g@.e) =0, i£) ij—1234 (40)

Then, because of (1), (39) and (403, J,9) is an almost complex manifold with Norden
metric.
Further, let the Lie algebrgbe defined by the following commutator relations
[€1,62] = [e3,€4] =0
[e1,€4] = [€2, €3] = A(e1+€4) + H(€2 — €3) (41)
le1,63] = —[e2,€4] = p(e1+€4) — A (B2 —€3)
whereA, u € R.
The well-known Koszul's formula for the Levi-Civita connext of g on G, i.e., the
equality
Zg(DerveK) = g([ei7ej]79K) +g([ema]7ej) +g([a<=ej]7ei) (42)
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and (40) imply that the following non-zero components of tlesi-Civita connection
are
Oe,€1 = Ue, €2 = pez+Ae€s,  [Ueez =0 = —Aer1+ e

Oey€3 = H(e1+€4), Ue €4 = A€y — pes (43)
Oe,€3 = He1+Aey, Ue,4 = A (82— €3).
Then, by (2), (3) and (43) we compute the following essemital-zero components
Fik =F(e,ej,&) of F
2F111=Fa20=2U, Fooo=—F311=2A
Flio=—Ru=FRu=-F12=24, Ri=—FRu=Rp=-FRu=
Having in mind (4) and (44), the componer@is= 6(g) and 8* = 8*(g) of the 1-
forms @ and6*, respectively, are

=03=0{=—-6;=4A, O=—-04=—-65=—-0;=4u. (45)

(44)

Via (4) and (45) we compute

Q=4u(er+e)+4A(e2—e3), JQ=14A(e1+es)—Au(e—e3)

(46)
8(Q) = 6(JQ) = 0.

Due to the characteristic condition (5) and equalities ,(#45) we actually prove that
the manifold(G, J,g) with Lie algebrag defined by (41) belongs to the basic cl&és
Moreover, by (43) and (45) it follows that the conditions (b8Id and thus

Proposition 3. The manifold(G,J,g) defined by (39), (40) and (41) is a conformal
K&hler manifold with Norden metric.

According to the equations (23), (40), (43) and (45) the comemts of the natural
connectior1° are given by

08 e = —0Q,e1 = pey, Qe =0e=Ae
0 —_r0 - _ 0 P
Ue, €2 Doez pes, Re=00e=-e 47)
(09 &3 = —003,e3 = pey, Jes=02es=Aey

08,e4 = — g, €4 = — ey, DO 8,04 = g8 = —Aes.

By equation (47) we obtain th& = 0. Then, by (24) and (25) the curvature tenBor
of (G,J,9) has the form

1 1
R=ZU1(A).  A(XY) = (0k8)Iy+ 76(08(y). (48)
Moreover, having in mind the equations (31), (43), (45) a#@),(we compute that

S =S = $ = 0. Hence, for the tensoiR of the complex connections’ given by
(30), is valid thatlR = 0.

Proposition 4. The complex connectiofi defined by (16) and (17) are flat §6, J, g).

107

Downloaded 10 Oct 2012 to 89.215.31.84. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions



ACKNOWLEDGMENTS

This work is partially supported by the Fund for Scientific Bah of the University of
Plovdiv, Bulgaria: Project for Young Researchers MU-5, caett# 494/08 and Project

RS09-FMI-003.
REFERENCES

1. G. Ganchev, A. Borisov, Note on the almost complex madsolvith a Norden metric,
Compt. Rend. Acad. Bulg. S8B, 31-34 (1986).

2. G. Ganchev, V. Mihova, Canonical connection and the caabconformal group on an almost
complex manifold withB-metric, Ann. Univ. Sofia Fac. Math. Inforn81, 195-206 (1987).

3. G. Ganchey, K. Gribacheyv, V. MihovB;connections and their conformal invariants on conforynall
Ké&hler manifolds withB-metric, Publ. Inst. Math. (Beograd) (N.4R, 107-121 (1987).

4. K. Gribachev, D. Mekerov, G. Djelepov, GeneraliZzéananifolds, Compt. Rend. Acad. Bulg. Sci.
38, 299-302 (1985).

5. A. Hayden, Subspaces of a space with torsimc. London Math. So&4, 27-50 (1932).

6. T.Imai, Notes on semi-symmetric metric connectidie)sor N.S24, 293-296 (1972).

7. S. Kobayshi, K. NomizuFoundations of Differential Geometwpl. 1 & 2, Intersc. Publ., New York,
1963, 1969.

8. A.Newlander, L. Nirenberg, Complex analytic coordirsdtealmost complex manifoldgnn. Math.
65, 391-404 (1957).

9. A.P.Norden, On aclass of four-dimensional A-spaBessian Math. (Izv VUZ)7, 145-157 (1960).

10. S.D. Singh, A. K. Pandey, Semi-symmetric metric corinastin an almost Norden metric manifold,
Acta Cienc. Indica Math27, 43-54 (2001).

11. M. Teofilova, Almost complex connections on almost ca@rphanifolds with Norden metridn:
Trends in Differential Geometry, Complex Analysis and Mathtical Physicseds. K. Sekigawa,
V. Gerdjikov and S. Dimiev, World Sci. Publ., Singapore (2D(p. 231-240.

12. K. Yano, Affine connections in an almost product sp&oelai Math. Sem. Refil, 1-24 (1959).

13. K. Yano,Differential Geometry on Complex and Almost Complex Spdde® and Applied Math.
vol. 49, Pergamon Press, New York, 1965.

14. K. Yano, On semi-symmetric metric connectidtev. Roumanie Math. Pure Apfl5, 1579-1586

(1970).

108

Downloaded 10 Oct 2012 to 89.215.31.84. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions



