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1. Introduction. Considering a 2n-dimensional Kahler®manifold

- with a vector valued tensor function F and a Riemannian metric ¢ which
. satisfy the following conditions

(1.1) X= Iz, where F(X)=X

9(X,Y) = g(X,Y)
'F(X,Y)=g(X,Y)

(DxF)Y =0

where D is the Riemannian connection,

Let R, S and r stand for the Riemannian curvature tensor, Ricci ten-
Sor, and the scalar curvature tensor respectively. If we define
r

(4 B(Y,2) = -3 R(Y, 2),
(b)Y H(Y,Z)= —'H(Y, Z)

(aYH(Y,Z) = S(Y, Z),
(b H(Y,2) = —'H(Y, 2) = §(Y, 2).

B
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A Kihler manifold is said to be i)i.—symmctric if 1t sutistes
(1.7) (DuDwR)X)Y,Z)=0
In this case

((L)(DuDWs)(Y, Z) =0

(18)
(())(Dan/R)Y =0

and

(1.9) DyDwr =0,

On a Kahler manifold the projective curvature tensor W , conformal cur-

vature tensor C, Conharmonic curvature tensor L, Coucircular curvature |
tensor V, H-projective curvature tensor P, H-conformal curvature tensor |
B, H-conharmonic curvature tensor T, and the H-concirenlar curvature |

tensor K “are given respectively by

1

(110)  W(X,Y,Z)=R(X.Y,Z) - —[S(Y,2)X - 5(X, Z)Y)

n

C(X,Y,Z)=R(X,Y,Z) - %%ﬁ[sm Z)X ~ S(X,Z2)Y -
(1.11) ~9(X,Z)RY + g(Y, A)RX] + .

2(n — 1}2n — 1)‘

. i . i o
(1.12) LX.Y,2) = R(X,Y,2) - 5(n = 1)[5(3’,Z)A ~ S(X,2)Y—
= 9(X,Z)RY +¢(Y, Z)RX]
V(X,Y,2) = R(X,Y, Z) — ———[¢(Y, Z)X —
(1.13) ( ) ( ) 211(21:——1)[”" )
— 9(X, 2)Y]
1

. P(X,Y,Z)= R(X.,Y,Z) + ¥ )

+5(Y,2)X — S(X,Z)¥ - 25(X,¥)Z]

[S(X,2)Y - S(¥,2) X+

| (22) T(X,Y,Z) = R(X,Y,2) +
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B(X,Y,Z) = R(X,Y.Z) + [S(X,Z)Y —

2(n 4 2)
S(Y,Z)X +g(X,Z)RY - g(Y,Z)RX — S(X, Z)Y +
+S(Y,2)X +' F(X,Z)RY —' F(Y. Z)RX +
+2'F(X,Y)RZ - 25(X,Y)Z]~
: Y, Z)X ~ g(X,Z2)Y +

dA{n + D){(n + 2)[’(1(
+ F(X,Z)Y - F(Y,Z)X +' F(X,Y)Z]

T(X,Y,Z) = R(X,Y, Z) - 2(—712‘—2)[5(3/, Z2)X - S(X,2)Y +

(1.16) +S$(Y,2)X - S(X,Z)¥ +
+28(X,Y)Z + g(V, Z)RX — ¢(X, Z)RY +
+' F(Y,Z)RX ' F(X,Z)RY — 2'F(X,Y)RZ]

YV . r )
papy NN RO D) - g m eV DX (X, 2)Y +
L. 4y

+' F(},’, Z).X’ ¢ F(X, Z)Y _ QIFEX, }'”:'Z]

If Q stands for any of the above curvature tensor, then it is said that the
Kéahler manifold is Q-bi-symmetric if it satisfies

(1.18) (DuDwQ)(X,Y,Z) = 0.

2. Conharmonic* bi-symmetric Kahler manifold. A Kahler
manifold will be called Conharmonic* bi-syminetric if it satisfies

(2D (DuDwT")X,Y,Z) =0,

- where T is the so called Conharmonic* curvature tensor which is given by

20 —(zn — 1) UV 2)X — (X, 2)Y].

' Differentiating covariantly twice we get

(D(;.DwT*)(X, Y, Z) — (DquR)(_X, Y, Z)+

 (2.3) DyDwr "
:- 3(n— 1)(2n = 1) Y3 DX —g(X. 2)Y).
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If the manifold is Conharmonic* bi-symmetric we have

Proof. If the manifold is Rice bi-recurrent we have

(2.4) (DuDwR)X,Y,Z) + o f‘{f; - 5590V, 2)X — g(X, 2] = 0.

(2.9) (DyDwSYY, Z) = o(U, W)S(Y, Z)

Contracting this equation with respect to X we obtain From this we Lave

DyDwr (2.10) Dy Dwr = o(U, W)y

9(¥,Z) = 0. -
Now multiplying (2.2) by (U, W) we get

Theorem 2.1. Every bi-symmetric Kihler manifold is Conharmonic*
bi-symmetric.

Theorem 2.2. A Conharmonic* bi-symmetric Kihler manifold is bi-
symmetric if and only if the first covariant derivative of the scelar curvature
13 constant.

Theorem 2.3. On o Conkarmonic* bi-symmetric Kihler manifold
we have (2.5).

Theorem 2.4. 4 Conharmonic® bi-symmetric Kihler manifold is
Ricci-bi-symmetric if and only if the first covariant derivative of the scalar
curvature 8 constant,

Now barring Z in (2.4) and contracting with respect to X we get by
using (1.3) and (1.6)a

S o A . . (U, Wr
o(U W)X Y, Z) = o(U, WR(. :
(1) (U)X Y, Z) (U, WIR(X,Y, Z) + 50— D@m= 1)

oY, 2)X — g(X, Z)Y).

Substituting from (2.11) in (2.4) by using (2.10) we get (2.8). Now from
(1.10} and {2.2) we can have

T*(X,Y,Z) = W(X,Y,Z)+ 9—-1—1[5(1/, Z)X - 5(X,2)Y)+
{2.12) b=

TS = 1)1}2” (¥ 20X — (X, 2)Y)]

DyDwr

Differentiating covariantly twice we get

(2.6) (DuDw 'H)Y,Z) = An=1) 'F(Y,Z)
DuDvT*)X.Y.Z) = (DyDyWYX.Y. 2V 4+ — - _.

Hence we have : SR )= (Do Dy 2n—1

Theorem 2.5. On a Conharmonic* bi-symmetric Kihler manifold {2,131 [(DyDyS)Y,Z)X - (DuDvSHX,Z)Y)+
the second covariant derivative of '"H wvanishes if and only if the first covari- Dy Dyr ) ) )
ant derivative of the scalar curvature is constant. 3 —1)(2n — 1) (7Y, 2)X - g(X, Z)Y B

Theorem 2.6. Every bi-recurrent Conharmenic™ bi-symmetric - -
Kihler manifold is flat. Heneo i consequence of (1.8),{1.9).(1.18) and {2.1) we can have

Proof, If the manifold is Conharmonic* bi-recurrent we have for a

I'heorem 2.8. [f on a Kéihler manifold any twe of the following hold,
non zero recurrence vector v

thew thard also holds
w) It 1s Conharmaonic* bi-syrmmetric manifold
h) 1t is projective bi-symmetric manifold
) It ws Ruecr-bi-symmetric manifold,
! Theorem 2.9. If on o Kihler manifold any two of the following hold,
' then third also holds
n) It is Conharmonic* bi-symanetric manifold
b) It 1s conformal bi-symmetric manifold
c) It 18 Ricci-bi-symmetric manifold,

(2.7) (DuDwT*)(X,Y,Z) = o(U,W)T*(X.Y, 2)

Since the manifold is Conharmonic* bj symmetric, and v non zero, therefore, ;

we have the statement from (2.1). ;
Theorem 2.7, If a Conharmonic® bi-recurrent Kihler manifold is |

Ricei-bi-recurrent we have "

(28) . (DuDwR)(X,Y,2) +o(U,W)[T"(X,Y,Z) -~ R(X,Y, Z)]
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Theorem 2.10. If on a Kihler manifold wny two of the follounny
hold, then third also holds '

a) It is Conharmonic* bi-symmectric manafold

b) It 1s Conharmonic br-symmetric mantfold

¢} It s Ricci-bi-symmetric manifold

Theorem 2.11. If on ¢ Kihler manifold any two of the follownng
hold, then third also holds

a) It 1s Conharmonic* bi-symmetric manifold

b) It 1 concircular bi-symmetric manifold

¢) It is of constant first covariant derivative of the scalar curvature.

Theorem 2.12. If on a Kihler manifold any two of the Jollounng
hold, then third also holds

a) It is Conharmonic* bi-symmeiric manifold

b) It 1s H-projective bi-symmetric manifold

c) It 13 Ricci-bi-symmetric manifold.

Theorem 2.13. If on a Kihler manifold any twoe of the follounng
hold, then third also holds

a) It 1s Conharmonic® bi-symmetric manifold

b) It is H-conformal bi-symmetric manifold

¢) It is Ricci-bi-symmetric manifold.

Theorem 2.14. If on a Kihler manifold any two of the following
hold, then third also holds

a) It is Conharmonic bi-symmetric manifold

b) 1t 13 H-Conharmonic bi-symmetric manifold

c) It is Ricei-bi-symmetric manifold.

Theorem 2.15. If on a Kihler manifold any two of the following
hold, then third also holds

a} It is Conharmonic* bi-symmetric manifold

b) It is H-concircular bi-symmetric manifold

¢) It is of constant first covariant derivative of the scular curvature.

Now before proving the next theorem lot us state two well known |

results of Walker
Lemma 2.1. A Riemannian space satisfies the following relation

(DwDyR)(X,Y,Z) - (DyDw R)(X,Y,Z,V)+
(2.14) +(DzDvR)(X,Y,W,U) - (Dy Dz R)(X, Y, W,U)+
+(DxDyR)(2,V,U,W) —(Dy DxR)Z,V,U,W) = 0

Lemma 2.2. If a;;, by are numbers satisfying

(2.15) aij = @i, aijbr + a;ib; +arib; =0
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for iop k=1, . N, then wither ty are all zero, or all the by are zevo.
Theorem 2.16. If ¢ Conharmonic* bi-symmetric Riemannian space
of non zero sceler cuwrvature is Ricci-recurrent, then the recurrence tensor
15« gradient.
Proof. Let us put

(2.16) THX,Y,Z,V) = R(X,Y,2,V) - Q(X,Y,Z,V)

where

XY 2V) = ool X, Z2)y(X, )
— oY, 2)g(X, V)]

(2.17)

If the manifold is Ricei-recurrent we have
(2.18) (DuSUY,Z) = o(U)S(Y, Z)
From whicly we have

(2.19) Dyr =o(U)r

| Henee from (2.17) we Lave

(2.20) (DuQ)X.Y,Z,V) = o(U)Q(X,Y,Z,V)

- Now from (2.16) we have by using (2.20)

(221) (DuT*)X,Y,Z,V)= (DuR)X,Y,Z,V) - o(UYQX,Y, Z, V)
Differentiating covariantly we get by using (2.20)

(DwDyT*)(X,Y,2,V) = (DwDyR)X,Y,Z,V)-
(222) (-DVVU)(U)Q(Xy Y1 Z,V) =
—v{Up(W)RQ(X,Y,Z,V)
: the manifold is Conharmonic® bi symmetric we have
(DwDyR)X,Y,Z,V) = (Dw e ) (U)X, Y,Z,V)

2.23)
] - v(U)(W)Q(X,Y, Z,V)
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Henee we can have ANALELE STHTIFICE ALE UNIVERSITATII "AL.LCUZA” 1AS]
Tomul KXXIX, s.l.a, Matematica, 1993, .3,

{DH,»D(.-R)(_\', Y, Z, 17} - (DuDwRIN. Y, Z. V)=

’ s(WUNHX.Y, 2. 17}
where o(W, 1) = (Dw o)) - (Duo)(W). Therefore. M consequence of
(2.14) we have

CURVATURE TYPE FUNCTIONS FOR PLANE CURVES
R UIAN Y, ZV) 4 (2 v )Qux. v v 14

Te(X.)QZ Vv Uy =g

(2.25) By

Hence sinee we Lave X, Y, Z, V)=Q(X. V. X1 1 02.23) are of the
forin (2.15) in which the indices 7, j. & are replaced by paips, IV, XY, W

Since r # (), Q are not all zero. Accordingly we have

STANISLAW GOZDZ

Introduction. I the paper we define a curvature type function
which imitates the curvature of a plane curve. I, the definition of the usual
curvature we put vector function s — P(s) mstead of the tangent vector.
- The curvature type functions have properties similar to the logarithin of

a number (see formulas (6.1)-(9.1)). Let kr,p denote the curvature type
| function with respect to the vector-funetion 2(s) for a plane curve I'.

The main result of the Paper concerns equality kp , = kr . Namely

the last equality holds if and only if the angle v between vectors (s} and
9{s) is constant. To show applications of the curvature type function we
| consider the class Q plane curves described in [1] which contains the class of
all ovals (3], We present a special curvature type function kr ., associated
‘with curves with constant n-width. Exactly we prove that curvature type
function krp, is equal to the curvature & of the examined cupve if and only
if the curve has constant n-width. Next we give necessary and sufficient
condition so that the relationship of the perimeters of the two described
n-polyeon and m-polygon was constant. In the end we give examples of
curves for which the relation Is constant,

Univorsity of Caleutd 1. On the curvature type fun'ctions. Let R and € denote the

: INDIA real line and the complex plane, respectively. Let o C-class regular plane

' Curve ' be represented by the following equation

o(W. 1) =g

or

(Dsyo)(U) = (Dy o)1)

which is the condition for 4 to be gradient.,
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s o z(s) = a(s) +iy(s) eC
S varies on an opened interval (a,0) C R With the curve T' we

M3socinte 4 real function Initating the curvature for a plane curve, For this
PUTDOSe we hook a vector-function

5 — ])(.S) = .‘I.‘!,(._f;) + [,'ypfq;;



