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In this paper the authors have defined birecurrent and symmetric birecurrent
Kahler and almost Tachibana manifolds. Various properties of curvature
tensors have also been studied in these manifolds.

1. INTRODUCTION

We consider a 2n-dimensional real manifold M,, of differentiability
class Cr+1. Let there be defined in M,, a vector-valued linear function F,
such that

f—{—X = 0, for arbitrarv vector field X, ... (1.1la)
where

X & P(X). o (1.1B)
Then F is said to give an almost complex structure to M,, and M,, is called
an almost complex manifold (Yano 1965).

Agreement (1.1)—All the equations which follow hold for arbitrary vector
fields X, Y, Z, ..., ete.

Let the almost complex manifold M ,, be also endowed with the Hermitian
metric tensor g :

97X, ¥7) = g(X, 7). o (1.2)

Then M, is called an almost Hermite manifold.
Let us put B

'F(X,Y)% g(X, T). .. (1.3)
Then from (1.1a), (1.2) and (1.3), we have the following :

"F(X,Y)+'F(Y,X)=0,

'FX, Y)+'F(X,Y)=0,

"X, 7)—'F(X,Y)=0.
If in an almost Hermite manifold M, ,

(vF)(X, Y) = 0, .. (1.4)

where (gF)(X, Y) = (DyF)(X) and D is Riemannian connexion with respect
to g, is also satisfied then the manifold is called a Kahler manifold.
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An almost Hermite manifold for which,
(VENY, X)+(yF)X, Y) =0 )

is satisfied, is said to be an almost Tachibana manifold.

In an almost Tachibana manifold, we also have

(WWENY, X, T)+(ywF)(X, ¥, T) = 0. o (16)
Let K be the curvature tensor of M,,
K(X,Y,Z)= DxDyZ—DyDxZ—Diy v\Z o (1)
where
[X, Y]® DxY—DyX. . (L8)

Let Ric be the Ricci tensor of M,,, given by
Rie(Y, Z) &L (C1K)(Y, Z). . (1.9a)

where by (C1K)(Y, Z), we mean the contraction of K(X, Y, Z) with respect
to the first slot.

For Ricci tensor, we also have

Ric(Y, Z) = Rie(Z, Y) e (1.9D)
Ric(Y, Z) = g(1(Y), Z) . (1.9¢)
(Cir) = R, .. (1.94)

where R is the scalar curvature.

Let W, C, L and V of projective conformal, conharmonic and concircular
curvature tensors respectively, be given by (Mishra 1965)

WX, Y, Z) — K(X, ¥, Z)—%—l:l—[Ric(Y, Z)X—RioX, 2)Y] ... (1.10)
CX,Y, Z)y= KX, Y, Z)—g%—l:—l—) [Rie(Y, Z)X—Ric(X, Z)Y +9(Y, Zw(X)
—9(X. DN ey [0(Y, X —g(X, )¥]
.. (1.11)
LX,Y, 7) = K(X, Y, Z)—%_l:r) [Ric(Y, Z)X—Ric(X, Z)Y
1Y, Zr(X)—g(X, Zp(¥)] . (L12)
VX, Y, 2) = KX, Y, Z)— .~ [o(Y, 2)X—g(X, Z)Y]. . (113)

2n(2n—1)
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Let us define

'K(X, Y, Z. T g(K(X, Y, 2),T), ... (1.140)
WX, Y, Z, T« g(W(X, Y, 2),T), .. (1.14h)
'O(X, Y, Z,T) &t g(O(X, Y, Z), T), ... (1.14¢)
'L(X. Y, 2,T)% g(L(X, Y, 2),T), .. (1.14d)
'V(X. Y, Z,T) % gV(X, Y., 2), T). v (1.14¢)

2, DEFINITIONS

We know that a Riemannian manifold is said to be a birecurrent manifold,
if
(KX, Y, Z, 8, T)= A8, KX, Y, Z), .. 25
where A(S, T) is a non-vanishing ¢ function (Takano 1971),

The manifold is called Riecci birecurrent, if

(yvRie)(Y, Z, 8. T) = A(S, T)Rie(Y, Z). .. (2.2a)

Contracting (2.2a) successively, we have
(wordY, 8, T) = A(S, T)r(Y) ... (2.2b)
(g8, TY = A(8.T)R. .. (2.2¢)

The manifold is said to be symmetric and Ricei-symmetric, if A(S, T) is zero
in (2.1) and (2.2) respectively.

Let @, a vector-valued trilinear function, be any one of the curvature
tensors K, W, (', L or T, then an almost Hermite manifold is said to be (1)
birecurrent (i.e., birecurrent of first order or recurrent of first order and second
kind) in @, if

(v X, Y, Z, 8, T)-H(vQ)(vFNX. T). Y. Z, §)
HyQUvFNX, 8). Y, Z, T +-QUyvF) X, 8. T), Y, Z)
= A8.TQX. Y, 2). .. (2.3)

Tt is said to be (1, 2) birecurrent (i.e., birecurrent of second order or
recurrent of second order and second kind) in @, if

(wwX, Y, Z, 8, M+ (vOyFIX,T), Y, Z, 8)
HyX, (vFUY, T), Z, S)+H(yQ)X, (vF)Y, 8), Z, T)
HyQUVFNX. 8), Y, Z, T)+QUyvF)X, 8, T), Y, Z)
+QUyFNX, 8), (yFUY, T), Z)+QUyF)X, T), (vFUY, 8), Z)

T ),
+QX, (ywFNY, 8, T), 2) = A8, T'QX. ¥, 2). o (24)
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It is said to be (1, 2, 3) birecurrent (i.e., birecurrent of third order or recurrent
of third order and second kind) in @, if

(wWX. Y. Z 8, T)+HvQ(vHX.T). Y, Z, 8
\%

X, ()Y, 1), Z, §)+-(v(X. ¥, (vF)(Z
HVRVFIX, 8), Y, Z, TH—Q((VVF (X, 8,7, Y, Z)
+QUVENX, 8), (vFNY. T), Z)+QUvF)(X, 8). Y, (vF)(Z, T))
+ X, (vFUY, 8), Z, T)+QUvINX, T), (vF)(Y, 8), Z)

)

+QX, (ywFNY, 8, 1), 2)--QX, (VF)Y, 8), (vF)(Z, T)
HAX, Y. (vF)(Z, 8), T)+Q(vF) (X T), ¥, (VF)Z, 8
+QX, (vFY, T), (yF)(Z, )H+QX, ¥, (ywFNZ, 8, T))

( )

Note 2.1—Similarly. (2), (3), (4), (2, 3), (2, 4), (1, 3), (1, 4), (3,4), (1,2, 4),
(1,3,4), (2,3,4) and (1, 2, 3, 4) birecurrence in @ can also be defined.

A birecurrent almost Hermite manifold is said to be @-symmetric, if
A8, T)= 0. .. (2.8)
3. Armost TacHIBANA MANIFOLD

Theorem 3.1—A necessary and sufficient condition for an almost Tachi-
bana marifold to be (1) birecurrent in € is:

(w)X, Y, Z, 8, T)+(yQ)(vF)X. T), Y. Z, 8)
LYY FNS. T). Y, 2, X)-+(yv@Q)(S. ¥, Z, X, T)
— A8, TQX, Y, 2)+AX. T)QS, Y, 2). . (31)

Proof : TInterchanging 8 and X in the equation (2.3) and adding the
resulting equation obtained in (2.3). then using (1.5) and (1.6) in the new
equation, we get (3.1).

Theorem 3.2—A necessary and sufficient condition for an almost Tachi-
bana manifold to be birecurrent of second order in @ is:

<va>fX Y. %8, T)+(VQ)((VF)(X T), Y, Z, 8)
Hy)X, (yFNY.T), Z, $)+-(yv@)(B, Y. 2, X, T)
HYQUYFNS. T)., ¥, Z, X)+(y)S, (VF><Y T). Z, X)
+2AyQUyF)X, Y), 8, Z, T)+2Q(vF)(X, Y), (vF)S, T), Z)
+2QUyvF)NX, Y, T), §, Z)+(yw@)X. 8, 2, 7, T)
+YQVFNX, T), 8, 2, V)+(vQIX, (vF)(S8, T), 2, 7)
= A8, TQX, T, 5)+AX, QS ¥, Z)+AY, TQX, 5, 2). ... (3.2)
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Proof : We know that the condition for an almost Hermite manifold
to be (1, 2) birecurrent in @ is (2.4). Writing two other similar equations
by interchanging § and X and S and Y in (2.4) and adding the three equations
together, then using the eqns. (1.5), (1.6) and the fact that @ is skew-symmetric
in the first two slots, in the resulting equation obtained, we get (3.2).

Note 3.1 : Similarly, we can also obtain necessary and sufficient condi-
tions for (2), (3), ..., (1, 2, 3, 4) birecurrent almost Tachibana manifolds.

Definition 3.1-—A (1) birecurrent almost Tachibana manifold is said to
be @Q-symmetric, if
(v, Y, 2,8, T)+(y@)AF)X, T), ¥, Z, 8)
+H(YQVFNS.T), ¥, Z, X)+(yy@)(S, ¥, Z, X, T) = 0. - (3.3)
Definition 3.2—A (1, 2) birecurrent almost Tachibana manifold is said
to be Q—svmmetric if
(WX, ¥, Z, 8, T)+(vQ)((VF)(X 7,7, % 8)
+HyX, (vFUY, T), Z. 8)+(vyv@)S, Y, Z, X, T)
+yQ)(VF)S, T), ¥, Z, X)-+(v@)(S. (VF)(Y= T), 2, X)
+2AyQN(WF)X, V), 8, Z, T)+2Q(vF)X, Y), (vF)(S, T), Z)
+2Q(yvF)X, ¥, T), 8, Z)-+(yw)(X, 8. 2, ¥, T)
+HVQUYFNX. T). 8, Z. V) +(vQ) X, (WF)S. T). 2, ¥) = 0. .. (34)
Corollary 3.1—The necessary and sufficient condition for an almost
Tachibana marifold to be K-birecurrent of first order is :
(WE)(X, Y. 2. 8, T)-+(vEN(vF)X. T), Y. Z, §)
+yE(VF)S, T), ¥, Z, X)+(yvK)(S. Y. 2, X, T)
= A8, TK(X, Y, Z)+-AX. T)K(S. Y, Z), ... (3.5a)

or

(vyRico)X, Z, 8, T)+(vRio)(vFUX, T), Z, §)
+(vRie)(yF)(S, T), Z, X)+(yvRic)(S, Z. X, T)

= A(S, T)Rie(X, Z)+ A(X, T)Ric(S. Z) ... (3.5b)
or, _
(yvn)(X, S, T)+H(yr)(vFNX, T), 8)+(vr)(vF)(S, T), X)
+wv)(8, X, T) = A8, TN X)+AX, Tx(8), ... (3.50)
or

(v )X, 8, T)—(yn)(yF}X, T), S)—(yr)(vF)S, T, X)
+yvr)(S, X, T) = A(S, Tir(X)+AX, T)n(S). .. (8.5d)
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Proof :  Substituting K for the general curvature tensor @ in eqn. (3.1),
we have (3.5a). Contracting (3.5a) with respect to ¥ and using (1.9a), we
get (3.50).  The equation (3.5¢) is obtained by the contraction of (3.5b) with
respect to Z and using (1.9¢). Barring § and X in (3.5¢) and using (1.1a),
we obtain (3.5d).

Corollary 3.2—The necessary and sufficient condition for (1) birecurrent
almost Tachibana manifold to be K-symmetric is :

(vwENX, Y, Z, 8, T)+(yEX(yF)X,T), Y, Z 8)
HvEgFNS, T, Y, Z, X)+(ywK)S, ¥, %, X, T) =0, ... (3.6a)

or
(vvRie) X, Z, S, T)+(yRie)(gFUX, T), Z. 8)
+(yRie)(yF)S, T), Z, X)+(yyRie)(S, Z, X, T) =0, ... (3.6h)
or
(von)(X, 8, T)+(y)(vF)X, T), S)
HyUF)S, T). X)+(yyr)S. X, T) = 0 . (3.60)
or

(vy(X. 8, T)—~(yr)(vF)X, T), S)
—(yI(yP)S, T), X)+(gyr)(8, X, T) = o, e (3.6d)

Proof :  The corollary follows from the Theorem 3.3 and the Definition 3.1.

Theorem 3.3—The necessary and sufficient condition for an almost
Tachibana manifold to be conharmonic birecurrent of first order (ie., L(1)
hirecurrent) is : p

AS,. TYIUX, Y, Z)+AX, T)L(S, Y, 7)
HVE(GENS, T), Y, Z, X)+(yyK)XS, ¥, 4, X, T)

[{(yyRie)(Y, Z, 8. VX +(yRic)(Y. Z, SHyFUX, T)

T3 —-1)
+(yRiel Y, Z, X)(yF)(S, T)+(yyRie)( T, Z, X, T)S)
—{(yvRie)(X, Z, 8, T)+(yRic)(vF)X, T),Z, S)
(yRic)(vF)(S, T), Z, X)+(yyRic)(S, Z, X, THY
+9(Y, Z){(gyr( X, S, T)-H(vr)(wF)X, T), 8)+(wn(vF)S, T), X)
+(yvn)(S, X, T —{g((yF)X, T), Z)(yr)(Y, S)
+9(X, Z)gyr)(Y, 8, T)+g((yF)S, T), Z)(yI(Y, X)
+9(8, Z)(yyr)(¥, X, T))]. - v (87
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Proof : We know (Mishra 1965) that

X, Y,2) =KX, Y, Z)— [Ric(Y, Z)X—Ric(X, Z)Y +g(Y, Z)r(X)

1
2(n—1)
—g(X, Zy(Y)]. ... (3.80)
Differentiating (3.8a) covariantly and using (3.8«), we have
(vL)ZX, Y, Z, 8)+L(yF)X, 8). Y, Z)

= (vE)NX, Y, Z, 8)+ K(vF)(X, 8). Y, Z)

—2(,‘@'1:  HURIONY, Z. §)X+Rie(Y, Z)(yF)X. 8))
_{ vRio)(X, Z, 8)+Ric(vE)(X, 8), Z)}Y

I
g(Y, ZY{(yi(X, 8)+r((yF)X, 8)}
—{q((VF) X, 8), Zy(Y)+9(X, Z)(vr)(Y, S)}]. .. (3.8b)

Again, differentiating (3.86) covariantly and using (3.8b), we have
(vwwiNX, Y, Z, 8, T) (g L(vFUX,T), Y, Z, S)
HvD(vENX, 8), ¥, Z, T)+LUyvF)X, S, T), ¥, Z)
= (wwK)(X, Y, Z, 8, T)+(vK)(VF)(X,T), Y, Z, 8)
HVENVFNX, 8), Y, Z, T)+-K(ywF)X, 8. T), Y, Z)
“‘é'(‘;{l:T) [{(yyRic)(Y, Z, S, )X - (yRic)(Y. Z. S)(yF)(X. T)
(VRie)Y, Z, THyF)X, 8)+(Rie(Y, Z)(yvF)(X, S, T);
—{(yvRic)(X, Z, 8. T)+(yRie)(vF)X, T), Z, S)
+(vRie)(vF)X, 8). Z, T)+Ric((yw )X, 8, T). Z)}Y
+9(Y. D){(yyri(X, 8, T)-Hyr)(vFIX. T), 8)
+Hvn((vF)X, 8), T)+r((wwF)X, 8, 1))
—{g(vvENX, 8, T), Z)r(Y)+g((vENX, 8), Z)(yr)(Y, T)
+9((vFUX, T), Z)(yr)(Y, S)+g(X, Z)(gyr)(Y, S, T)}]. .o (3.8¢)
Adding (3.8¢) in the equation obtained by interchanging S and X in (3.8¢)
and then using the fact that the manifold is an almost Tachibana, we have
(wINX, Y, Z, 8, T)+(vL)(vF)X, T), Y, Z, 8)
+(vL)(VF)NS, T), ¥, Z, X)+(yyL)(S, ¥, Z, X, T)
= (ywwK)(X, ¥, Z, 8, T)+-(vEX(vF)X, T), ¥, Z, §)
+H(vE)(VENS, T), ¥, Z, X)+(yvK)(S, ¥, 2, X, T)

— 51 [{vvRIeNY, Z, 8. T)X+(yRie)(Y, Z, S)(vF)(X, T)

+(VRicN Y, Z, X)(vF)(S. T)+(yyRic)Y, Z, X, T)S}
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—{(yvRic)X, Z, 8, T)+(yRic)(vF)(X, T), Z, 8)

+(yRie)(vF)(S, T), Z, X)+(yvyRic)(S, Z, X, T)}¥

+9(¥, Z{(yv( X, 8, T)+(yn)(vFIX, 1), 8)

+(y(VE)S, T), X)+(gvr)(S, X, T)}

—{g(gFNX. T), Z)(yr (Y, 8)+9(X, Z)(yyr)(Y. 8, T)

+g(vF)S, T), Z)(g N Y, X)+g(8, Z)(yyr)(¥, X, T)). ... (3.8d)

Let the manifold be conharmonic birecurrent of first order, then com-

paring (3.8d) with the equation obtained by substituting L for the general
curvature tensor @ in (3.1), we obtain (3.7), which is the necessary condition.
Conversely, let (3.7) be satisfied, then subtraecting (3.7) from (3.8d), we have
(vwwINX, Y, Z, 8, T)-+(yD(vF)X, T), ¥, Z, 8)+(vL)(vFXS, T), ¥, Z, X)

+(yvI)S, Y, Z, X, T)—A(S, T)L(X, Y, )~ A(X, T)L(S, Y, Z) = 0.
Hence the condition is sufficient.

Theorem 3.4—The necessary and sufficient condition for (1) birecurrent

almost Tachibana manifold to be L-symmetric is :
(vwENZX. Y. Z, 8, T)--(yK)(vF)X, T). Y, Z, S)

(yKY(YFXS, T, Y, Z, X)+(yvK)S, Y. 2, X, T)

— 2.@1_7) [{(yyRie)(Y, Z, 8, T)X +(yRic)(Y, Z, S)(yF)(X. T)

1(yRie)(Y, Z, X)(yF)(S, T)+(yyRie)Y, Z, X, T)8}

—{(yvRic)(X, Z, S, T)+(yRic)(vF)X, T), Z, S)

+(yRie)(yF)S, T), Z, X)+(yyRic)S, Z, X, T)}Y

+g(Y, ZX(ywn(X, 8, T)+(yr)(vF)I(X, T), 8)

v (TF)NS, T), X)+(yyr)(S, X, T}

—{g(vF)X, T), Z)(w) Y, 8)-+9(X, Z)(yyr)(Y, 8, T)

+g(wF)(S, T), Z)(yr WY, X)+9(8, Z)(yyn ¥, X, T =0. ... (3.9)
Proof : Suppose (1) birecurrent almost Tachibana manifold is L-symme-

tric, then (3.9) follows from eqn. (3.7) and the Definition 3.1.

Theorem 3.5—If an almost Tachibana manifold be conharmonic bire-
current of first order and K-birecurrent of first order, then it is Ricci-bire-
current, for the same recurrence parameter, provided

(yRie)(Y, Z, S(yF)NX, T)+(yRie)Y, Z, X)(yF)(S, T)

—g((vFNX, T), ZYyrN(Y, 8)—g((yF)(S, T), Z)(yr)(Y, X) = 0.
. ... (3.10)
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Proof : We have

AS. TLE. Y, 7) — A8, VKX, Y. Z)— (wl_ sy [A(8. TIRic( Y. )X
—A(S, T)Ric(X, Z)Y -~ A(S, TYg(Y, Zw(X)
A8, TYX. BV, . (311a)

Interchanging § and X in (3.11¢) and adding the resulting equation in (3.11a),
we have

AS. DX Y, Z)+AX. TI(S. Y. Z)
= A8. KX, Y. Z)+A(X. TYK(S. Y. Z)
vqﬁ]tﬂ [A(S. TYRie(Y, Z)X — A(X. T)Rie( Y. Z)8

—{Rie(X, Z)A(S. T)+Rice(S. Z)A(X. T)\ T

Y, 2 XA(S, TV -r(S)AX. T)

—{g(X. Z)A(S, T) - g(S. Z)A(X. T)jr(Y)]. .. (3.11B)
Now, subtracting (3.118) from (3.8d). we have

(wwI)(X. Y. Z. 8. Ty —(vLY(VFWX.T). Y. Z. 8)
YD FNS. T). Y. Z, X))+ (yyl)S. Y, Z. X. T)
— A8, MIX. Y, Z)~AX. TR, Y, Z)
= (wwKIX. Y, %, 8, T)--(vK)(vF)X. T). Y. Z, S)
HVEINS, T). Y. Z. X) - (yoK)S. Y, Z. X, 1)
— A8, KX, Y, 2)—AX. T)K(S. 1. Z)
1) {(yyRie)(Y. Z, 8. T)—A(S. T)Rie(Y, Z)1X
+{yvRie)(Y, Z, X, T)—A(X. T)Rie(Y, Z)}8
H(yRie)(T. Z, S)(yF)X. T)--(yRie)(¥. Z, X)(gF)(S. T)
—{(vvRie)(X, Z. 8, T)+(yRic)(yF)X. T), Z, 8)
+-(yRie)(yF)S. T), Z, X)+(yyRic)(S, Z, X, T)
—A(8, T)Ric(X, Z)—A(X, T)Ric(S, Z)}Y
+9(Y, Z{(yy (X, 8, T)-Hy(vFIX, T). 8)
HVIVES, T), X)+(gvr)(S, X, T)
—A(8, T)r(X)— AX, T)r(8)}
11
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—{9(X, Z)((yyr(Y, S, T)—A(S, T)r(Y))
+9(8, Z)(vvr)(¥, X, T)—AX, T)n(Y))
+g(WFNX, T), Z)(gr)(Y. S)-+g((vFNS, T), ZY(yr)( Y, X)}].
... {3.11¢)
If the manifold be conharmonic birecurrent of first order and K-birecurrent
of first order, then from (3.11¢), we have
(yvRie)(Y, Z, 8, TV —A(S8. T)Rie(Y, Z) = 0,
for arbitrary vector-fields, Provided
(VRie)( ¥, Z, S)(yF)(X, T)+(yRic)(Y, Z, X)(yF)(S, T)
—g(vFUX, T), Z)(yr)(Y, 8)—g((wF)(S, T), Z)(yr)(¥, X) = 0.
Hence the statement.

Similarly, we can also prove that if an almost Tachibana manifold be
Ricei-birecurrent and either conharmonic—birecurrent of first order or K-
birecurrent of first order, then it is either K-birecurrent of first order or con-
harmonic-birecurrent of first order, for the same recurrence parameter, pro-
vided (3.10) is satisfied.

Theorem 3.6—If (1) birecurrent almost Tachibana manifold be L-symme-
tric and K-symmetric, then it is Ricci-symmetric, for the same recurrence
parameter, provided

(VRio)(¥, Z, S)(yF)(X, T)+(yRic)( ¥, Z, X)(yF)S, T)

—g(WF)X, T), Z)(vr(Y, 8)—g((vF)S, T), Z)(yr)(¥,X) = 0. ... (3.12)

Proof : The proof of the theorem follows from the Theorem 3.5 and the
Corollary 3.2.

Similarly, we can also prove that if the manifold be Ricci-symmetric and
either conharmonic symmetric or K-symmetric, then it is either K-symmetric
or conharmonic syvmmetrie, for the same recurrence parameter, provided
(3.12) is satisfied.

4. KAHLER MANIFOLD
Theorem 4.1-—The necessary and sufficient condition for a Khiler mani-
fold to be (1) birecurrent (i.e., birecurrent of first order) in @ is (Mishra and
Pandey 1975)
(w)X, Y, 2,8 T) = A8 TQX, 7Y, 2). ... (410)
or equivalently,
(VWX. ¥, Z, 8, T)+(vww)(8, ¥, 2, X, T)
= A(S, TQX, Y, Z)+ AX, T)Q(S, ¥, Z). ... (4.1b)
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Proof: The theorem follows from eqns. (2.3) and (1.4).

Theorem 4.2—The necessary and sufficient condition for a Kahler mani-
fold to be (1, 2) birecurrent (i.e., birecurrent of second order) in Q is (Mishra
and Pandey 1975)

(ww)X,Y,Z,8,T) = A8, TQX, Y, 2). . (4.20)
or equivalently
(v} X, 7, 2. 8. T)--(yw@)(8, ¥, Z, X, T)+(yw@)X. 8, 2, Y, T)
= A8, TQX, Y, 2)+AX, T)QRS, Y, 2)+AY, T)QZX, 8, Z). ...(4.2b)
Proof : The theorem follows from eqns. (2.4) and (1.4).

Theorem 4.3—The necessary and sufficient condition for (1) birecurrent
almost Tachibana manifold to be (1) birecurrent Kéhler manifold is :

(VOVF)X.T), Y, Z, ) +H(vQ)(vF)S8. T). Y, Z. X) = 0. e (43)

Proof : Suppose (1) birecurrent almost Tachibana manifold is (1) bire-
current Kabler manifold. Then comparing (3.1) with (4.1b), we obtain (4.3),
which is the necessary condition.

Conversely, let (4.3) be satisfied. Then using (4.3} in (3.1) we get (4.1).
Hence the condition is sufficient.

Theorem 4.4—The necessary and sufficient condition for (1, 2) birecurrent
almost Tachibana manifold to be (I, 2) birecurrent Kahler manifold is :

VQUWF(X, T), 7, Z, 8)+(vQ(X, (WF)Y.T), Z, 8)
+HVQVF)S, T). Y. Z, X)+(yQ)(S, (yF)(Y. T), Z, X)
+2AyQ(VF)NX, T), 8, Z, T)--2Q((vF)X, ), (vF)(S, T). Z)
+2QUyvF)X, Y. T), 8, Z)-(vQ)(VFNX.T. S, Z. Y)

+(vUX, (VF)S, T), Z, Y) = 0. . (49)

Proof : The proof follows the pattern of the proof of the Theorem 4.3,
making use of eqns. (3.2) and (4.2).
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