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1.

Introduction:

MZn be 2n-

OnTZMZn .

It is an integrable

dimensional differential manifold of the

classC” andeMzn be its cotangent
bundle. K.P. Mok [2] and several
authors have studied metrics and
connections on the cotangent bundle
and tangent bundle, but no natural
conjecture has been presented for the
study of metrics and connection of the
complex structure on the cotangent
bundle. Almost complex product
manifold, the Riemann extensions and
the complete lift and the metric

T?(9,V) have been studied in section
2, section 3 and section 4 respectively.
Complex cotangent bundle as an
almost complex product manifold:

Let M., be an 2n-dimensional real

2
manifold of class C* and T pMZn the

cotangent space at the point P € M2n,
then the set

TZ(Mzn): U sz(MZn)

peM,,
is called complex cotangent bundle over

MZn.

For any point UEMzn, the mapping
0—> P  determines the bundle

projection defined by 7 T°M,, > M,,
. Let V be the field of 2n complex planes

2
distribution on T "My, which we call
the vertical distributions uniquely on

2
T°M,, an 2n-dimentional distribution

2
complementary to! "My, which we
call the horizontal distribution and is

denoted by H, the pair (H,V) defines
an almost complex product manifold.

{72'_1U ((z“,va),(z“,v)j}

Let a be an
7 (V)
spanned by 2n independent vector
fields.

induced co-ordinates to is

D, = 85 +I, i
(2.1) s op,
0s°® op-

(22) Where 1—15r = pargr,rﬁ = p;FEF
The vertical distribution V restricted to
7 (V)

vector fields.

is spanned by 2n independent

LR
st o8

S

(2.3)

It follows that {Ds}and {DE}

-1
constitutes a frame on 7 (U).As the
frame is adopted to he almost complex

structure (H,V), we call them adopted
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-1
frames on” (Y)and is components
are called frame components on

-1
7 (U)dual to the adopted frame are
given by
(2.4) D°® =dx*, D°® =dx°
(2.5)

D® =-T",dx" +dp,

D*=-T_dx" +dp.
The component matrix of the adopted
frame and its co-frame are
(2.6)
1) 0 0 O
r, o 0 O
[I—Z] _ sr rs
0 0 6. O

rs

0 0 FFE 5%?
and
(2.7)
s, 0 0 0
e |T. s, 00
i i B 5. 0
0 0 -T

st Yt
respectively.

The non holomorphic of adopted frame
are given by

(2.8)

Q, =[ D, (Ly) - D, (L)L} |

5 = 0.05) -0,

Vol.5, No 4, Oct-Dec 2015

Using (2.1), (2.3),(2.6),(2,7) and (2.8),
we get possible non zero

components of

Q?’

af aS
h m
(29) Qaﬁ = Pn Rsrh
h m
Q205 = PRG

The projective tensor of TzMznonto
H and V again denoted by H and V. They

2
are tensor of type (1, 1) on T°M,,
whose frame component matrix are

given by
5, 0 0 0
H = 0O 0 0 O
0 04, O
(2.10) 0 0 0 0
0O 0 0 O
045, 0 0
V=lo 0 0 o
0 0 0 6.

(211)H* =H,V? =V ,HV =VH =0,H +V = scalarMatrix

and torsion tensor © = Suy associated with
H and V reduces by virtue of (2.11) and
intergrability of V is

(2.12) S(P,Q) = -2V (HP, HQ)

Where Pand Q are arbitrary vector

. 2 .
fields on  T°My, and possible non zero
frame components of S are
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(2.13) Sq =—2p, R0,
S =-2p_RI;

Let V be an arbitrary linear connection on

2 _
T°M,, whose components in 7 "(U) are

ra r2 v
ce and * cg . The frame components of V

in7'(U) are defined by

(2.14)

ria {D (LA)+r7a LCLB}L;

r7, {D (L8)+r L LB}L

CB 4

If X is a vector field on T°M,, whose

\Y
frame components are X' then

(2.15) v XY =

D, (x )+ry X"

~ B ~ - ~H
VX = D;(X)jtl“%H X
The frame component of the torsion tensor

and curvature tensor of V is given by

~7 ~7 ~7

(2.16) Tﬂa =Fﬂa_raﬂ Qﬂ}/
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,]/ -_—
- -7 -7

TEE = Fﬁa—raz QF
And

~7 ~7 ~7 ~r =7 ~7 =~ ~7
Rpaﬂsz Rﬂa _Da Rpﬂ +rperﬂa—raﬂrpﬂ—g};arpﬂ]f

N -y

_r - -
~ ~7 ~7 - -
Ros = Dp[Rﬂaj— Da[RpﬂJH”p [op-Tos Fﬁﬁ—Q%ﬁ [opr

3. The Riemannian extension and
complete lift of complex cotangent

bundle

Let V be free linear connection on M5, .

h " _
If I'sand ~ 5 are component of z7*U

in U of v. The component matrix in v of
the Riemannien extension is
(3.1)

[-2r,. & 0 0 |

sr sr

1) 0 0 0

sr

0 0 —2F§ O0—

sr

0 0 5§ 0

The corresponding frame component

matrix is
(3.2)
[0 5, 0 0]
o, 0 0 O
T 5
0 O 5?? 0

Let V°be the Riemannian connection

2
T°M,,  associated with Riemann



¥
I'op
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extension called the complete lift of V
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h

F}ksr = pa (ka:rs _vs R:rk)
toT°M,, . The frame components Ty , h
7 Rir = p- (V.R:. —V_R2_
ap  of its associated Riemann “ pa( k*hrs s hrk)
connection are given by Rl?sr _ R,
(3.3) z )
h r
1 .., 1 Rer = R
=G’ (Daeaﬁ+DﬂGpa—Dpeﬁa)+§(ggﬁ+gga+ggﬂ) )
RI?sr = _Rt?rk
n s
Rier = _RHFE
_y 1 — 1 From (3.7) we have
—_Tcrp.c G _D.C__ (O Y 7
Fep = ZG (D“GW " DﬁGﬂ“ DPGﬁ"Z)Jr Z(Q“ﬁ +I§%6(b3rs%w 3.1: Let Vbe a torsion

Where [Gaﬁ] is the inverse of [Gaﬂ
and
(3.4)

O, =G"’G,, O

pe !

QF =G’°G._Q
ap By pa
Using (3.3), we get possible non zero

frame components of the complete lift

V¢ as

h h h h
(35) 1—‘sr = 1—‘sr ’Fsr = Fg;
F:r = _r;h’r:r = Fgﬁ and
h
(36) Fg; = pa Rr?rs
_h
Tsr = pRE

By using (3.6) and (2.16), we get the
possible non zero components of the

curvature tensor R of V° as

R =R

ksr Ksr

(3.7) R = Re;

2
ree linear connection on n., then
free | t "My th

(TzMszC) is locally flat if (M, V)is
locally flat.

4. The metricT2(9,V):

Let g be a metric and V be torsion free

T2M2n,

linear connection on which we

call T?(9,V).The line element of

T?(9,V) on 7*(U) are
g,.dx"dx* +g"op,op

(4.1) gngdexg + 9;55 p.op-

Where 5ps = dps - pal—‘grdxr ;

§7pS =dp. - pfl“idxF

a Sr
Are the usual covariant differentiation

2
(4.1) defines a global metric on T°M,,

and its frame component matrix of

Tz(g!v) is
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(4.2)
g, 0 0 0]
0 sr 0 0
(6, . °
0 0 g. O
0 0 0 g;;

Let g be the metric tensor of T?(9,V) ,
by a simple calculation the possible non

zero frame components of V are given
by

(4.3) ViGy =V 0y
ViG; =V, 9,
ViG, =V, 0,
ViG; =Vi9;
VEGsr =V, g™
ViG; = Vig¥

From (4.3), we have
Proposition 4.1: Let g be a metric and

V torsion free linear connection on My,

_then V° is a metrical to T°(9, V).
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