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77. On Submanifolds in Spaces of Constant
and Constant Holomorphic Curvatures

By Minoru KOBAYASHI
Department of Mathematics, Josai University

(Comm. by Kinjiré6 KUNUGI, M. J. A., May 13, 1968)

1. Fundamental formulas. Let M and M be two Riemannian
manifolds of dimension n and n4m respectively, with M immersed
in M. We shall denote ¢, > the Riemannian metric of M and 7 the
Riemannian connection of M associated with this metric. Let us also
denote < , > the induced Riemannian metric of M. Let V(M) be the
ring of the differentiable vector fields on M, NV(M) be the collection
of normal vector fields to M defined on a proper open subset of M,
which is spanned by mutually orthogonal m unit normal vector fields
Cy, -, Ch.

Let p: VIM)+NV(M)—V(M)
be a natural projection.

For X in V(M), we put
1.1 pVCi=—AX. G=1, ..., m)

Proposition 1.1. For X, Y in V(M), we have

(1.2) T Y=P;Y+3 (AX,Y>C; where FyY in V().
i=1

(1.3) V7 is a Riemannian connection of M associated with the induced
Riemannian metric and 4, are self-adjoint (1, 1) type tensors.
Proof. We may set

(1.4) Pr¥=x¥ + 3 fiC
Then, since (Y, C,;>=0, differentiating covariantly, we get
(1.5) FxY, C>+<Y,VxCi>=0.
Substituting (1.4) into (1.5) leads to
(1.6) Ji=<{AX, Y.
The properties of (1.8) can be easily checked. Q.E.D.
Let {E,, - - -, E,} be an orthonormal basis on an open subset of M.
We put
a.m H=3 (tr 4,)C,
t=1

where tr denotes the trace, tr A,= f} (AE,, E,>. H iscalled the mean
a=1

curvature vector field of M. A submanifold M is called minimal if
tr A,=0, totally geodesic if A;=0 and totally umbilical if (4,X,X>
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=(A,Y,Y) for all X and Y in V(M) with | X |=| Y.
Proposition 1.2. For X, Y, W, and U in V(M) we have

(1.8) PR(W,X)Y=r(W, X)Y+;Zf;1 (AW, YYAX —(AX, YA W}

(1.9) RU,Y, W, X)=(R(W, X)Y, U>
=r(U, Y, W, X)+§ (AW, YXAX, Uy—(AX, YYXAW, U

(110  R(Y, W=} RE, Y, W, B,
=r(¥, W)=y H, Y= 3, 5 (ALY, B)XAW, B

(1.11) R(Y)=R(Y, Y)
=r(¥)+ g_‘,l(tr ANAY, Y>— ﬁl zl (AY,E>
(1.12) Rsf_j R(E,)
—rt g (tr Ai)z—éa%"; (AE, B,y

where R(W, X)Y and (W, X)Y are the curvature tensor fields of M
and M respectively, (Y, W) is the Ricci curvature and r is the scalar
curvature of M. We also put r(Y)=r(, Y).

Proof. Differentiating covariantly (1.2) we have

(1.13) VWVXY=VWVXY+§”I (AW, VY DC, 4+ T(CAX, YY)C,
F(AX, YIT,C00.

Hence

(1.14) PP T Y =Vl xY — 3 (A X, YIAW.
i=1

Thus

PRW, X)Y =p@ VY —V V¥~V ¥
=r(W, X)Y+ié (AW, V)AX —(A X, YA, W}
which is the equation of Gauss.
For the proof of (1.10), we have
1.15) R(Y, W)= zl "B, Y, W,E)+ ijﬁ; §1{<A1W, YXAE.,, E>
—CAE., Y)CAE,, W)}
=r(Y, W)+ ii (AW, Y)(tr Ay

— 3 S CAE,, YXAE,, W.

i=la=1

On the other hand, differentiating (1.7) and making an inner product
VwH with Y, we get
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(1.16) (PyH, Y>= _i CAW, Y A)).

Substituting this into (1.15), we have the required (1.10). Q.E.D.
Theorem 1.3. Let M be a minimal submanifold. Then

1.17) R(Y, W)=Y, W)—;Zl §<A1Y, E AW, B

(1.18) R(Y)=r(Y)
and the equality occurs if and only if M is totally geodesic.

2. Submanifolds in a space of constant curvature. Let M be a
space of constant curvature. Then the curvature tensor field of M is
given by
@.1) RW, )Y =k{(KX, Y)W —(W, Y )X}
where X,Y, W are in V(M) and k is a constant.

Lemma 2.1. For Y and W in V(M), we have

@2.2) 5 (B, Y, Wy={Y, W),

a=1
Proposition 2.2. Let M be a submanifold in a space of constant
curvature. Then for X, Y, W, and U in V(M)
2.3) (W, X)Y =k{(X, Y)W —(W, Y)X}
_STKAW, YA X —(AX, YSAW)
i=1
2.49) U, Y, W, X)=k{(X,YXW, U)—<W, Y XX, U)}

— 5 (AW, YXAX, Uy—CAX, YA, U))
(2.5) r(Y, W)=k —kn)(W, Y)— 3 CAW, ¥)(tr 4)
+5 5 B YXAE, W)

©2.6) r(V)=(—kn)| Y |*— ;i (tr A)AY, Y5+ ;21 ﬁﬂ (AR, Y

@.7) r=kn—kn—3 (tr A)+ 3 Y (AE,, E>.
t=1 (] B8=1

=1a,8=

Proof. For the proof of (2.5), we have
r(¥, W)=k Sy Y><Boy Wy—{W, Y><EB,, B.))

n

— 5 3 AW, Y)XAE,, B>)—(AB,, Y)XAW, B,))

a=1

= (k—kn)(W, Yy — 33 CAW, Yotr A)+ 3, 31 (AB., YXAE., W)
by the above lemma. Q.E.D.

Proposition 2.3. Let M be a submanifold in a space of constant
curvature. Then

@2.8) K=k— iz"”l CAX, VY t"‘zl (AX, XXAY,Y>
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where K is the sectional curvature of M spanned by an orthonormal
basis {X, Y}.
Proof. It is clear from the definition of the sectional curvature
K=rX,Y,X,Y). Q.E.D.
Theorem 2.4. Let M be a minimal submanifold in a space of
constant curvature. Then
2.9) r(V)zk(1—n)| Y |?
2.10) r=k(l—n)n
and the both equalities occur if and only if M is totally geodesic.
Theorem 2.5. Let M be a totally umbilical submanifold in a
space of constant curvature. Then
2.11) r=1—n)nK
and the equality occurs if and only if M is totally geodesic.
Proof. Since M is totally umbilical, (2.9) reduces to

2.12) K=k—3 (AX, Y+ 5 (AX, X for (X,Y>=0.
i=1 i=1
We put
2.13) a=31(AX, X
i=1

Then, since f} (tr A,)*=mna, (2.7) becomes
i=1

(2.14) r=kn—kn*—na+ 3 3 (AE,, E).

i=1 a,f=1

Since (E,, E;>=0 for a3, we get
2.15) 3 (AE, E)*=k—K+a.
t=1

m n

Hence, 7, (AE,, E)*=n(n—1)k—K+a)+na.

i=1a)B=1

Thus, substituting this into (2.14) we have
(2.16) nn—Da=r+m—-1nkK.

Since ¢ =0, we get r=1A—-n)nk. Q.E.D.

Remark. If M is a totally umbilical submanifold in a Rieman-
nian manifold M with the sectional curvature K, then

R—r=<n(n—1)(K —K).

3. Submanifolds in a space of constant holomorphic curvature.
Let M be a space of constant holomorphic curvature. Then the cur-
vature tensor fields of M is given by

3.1 RW,X)Y=k(X, YW W, VXX, YOIW
—(IW, YYJX —-2(JW, X)JY}
where X, Y, and W are in V(M), k is a constant and J is the Kéhler
structure of M. We may assume the Riemannian metric to be Her-
mitian,
For X in V(M), we put
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3.2.) JX=TX+NX
where TX is in V(M) and NX is in NV(M).

A submanifold M in an almost complex manifold is called invari-
ant if JX=TX, anti-holomorphic if JX=NX.

Proposition 3.1. Let M be a submanifold in a space of constant
holomorphic curvature. Then, for X, Y, W, and U in V(M)
3.3) r(W, X)Y =k{{X, YW W, Y>X+(TX, YTW
—(TW, Y)TX—-2{TW,X)TY}

— BCAW, YIAX (AKX, YYAW)

34 U, Y, W, X)=k((X, YW, Uy—(W, Y)(X, U

—SAW, YY(A X, Us—(AX, YSCAW, US)
35 ¥, W)=k _n)<;fl, Y)—8I(TW, TY) ~ $CAW, ¥ (tr A)
+5 5CAB, YocAR, W)
(3.6)  r(¥)=(6—km)|Y|*~8k| TY|*~ H(tr A+ 3 ; (AE., E,>

i=la 1

=

and for an orthonormal basis {X, Y},
3.7 K=kQ+3<TY,X)%— %(AiX, Y 4 §;<A1X, X>CAY, Y.
i=1 i=1
Proof. For the proof of (8.5), we use the fact

n

31 (TY, EXTW, By=(TY, TW)

a=1
and the identity <JX, Y)= —<(X, JY). Q.E.D.
Theorem 3.2. Let M be a totally geodesic submanifold in a space
of constant holomorphic curvature. Then for Y with |Y||*=0, we have
3.9) k—En)b=r(Y)=(—2k—kn)b for k>0
3.10) kB—En)b=<r(Y)<(—2k—Ekn)b for k<0
and the equality 7(Y)=bk—bkn occurs if and only if M is anti-holo-
morphic and 7(Y)= —2bk—bkn occurs if and only if M is invariant.
Proof. Since M is totally geodesic, (3.6) reduces to
3.11) r(Y)=bk—bkn—3k|TY
Since 0 |TY|*<b, we have (3.9) for £>0 and (3.10) for £<0. If
M is invariant, then |Y|’=<(JY,JY)>=|TY|? which implies r(Y)

= —2bk—bkn, and vice versa. Q.E.D.
Theorem 3.3. Notations being as above. Then we have

3.12) kn—kn*=r=—2kn—kn? for k>0

(8.13) kn—kn*<r< —2kn—kn? for k<0,

Especially, if (TX, TY»=0 for all orthogonal pairs {X, Y} then the
equality r=kn—kn® occurs if and only if M is anti-holomorphic,
r=—2kn—kn? occurs if and only if M is invariant.
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Proof. If M is invariant, then |TE,|*=1, which gives r
= —2kn—kn?. Convercely, if r=—2kn—Fkn? then |TE,|*=1. Hence,

for X=3 1.E,
a=1

(3.15) | TX |*= 21 FXTE, TE>+ 3 f.f{TE.,, TE,

a,p=1 (a%p)
=3 Si= X=X

that is M is invariant. Q.E.D.

As was proved in Theorem 2.6, we can state the following
Theorem 3.4.

Theorem 3.4. Let M be a totally umbilical submanifold in a
space of constant holomorphic curvature. Then
(3.16) r=znl—n)K
and the equality occurs if and only if M is totally geodesic.

Proof. Since M is totally umbilical, (5.8) reduces to

(3.17) K=k +3(TY, X)) — ﬁl (AX, Y>z+§1 CAX, X

Thus applying the similar calculations used in Theorem 2.5 we have
the required (3.16).
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