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Abstract

In this paper, we consider a special case for the relevant work in a
2011 paper of Sharief Deshmukh and Suha B. Al-Shaikh
published in Beitr. Algebra Geom. [9] wherein we study the

tangent bundle of M 3 as a submanifold of R*. Since we know
that R* has three Hermitian complex structures, using them
together with the unit normal to the hypersurface M 3, we get
three orthonormal unit vectors on M 3. By means of these three

vectors, we study the properties of TM equipped with the induced
metric represented in [9].

1. Introduction

Given a Riemannian manifold (M, g), one can define several
Riemannian metrics on the tangent bundle 7(M) of M. Maybe the best

known example is the Sasaki metric introduced in [1]. Although the Sasaki

metric is naturally defined, it is very rigid. For example, the Sasaki metric is
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not, generally, Einstein. The tangent bundle 7(M) with the Sasaki metric is
never locally symmetric unless the metric g on the base manifold is flat (see
[2]). Musso and Tricerri [3] have proved that the Sasaki metric has constant
scalar curvature if and only if (M, g) is locally Euclidian. In the same
paper, they have given an explicit expression of a positive definite
Riemannian metric introduced by Cheeger and Gromoll in [4] and called this
metric the Cheeger-Gromoll metric. Sekizawa (see [5]), computed geometric
objects related to this metric. Later, Gudmundsson and Kappos in [6] have
completed these results and have shown that the scalar curvature of the
Cheeger-Gromoll metric is never constant if the metric on the base manifold
has constant sectional curvature. Furthermore, Abbassi and Sarih have
proved that T(M) with Cheeger-Gromoll metric is never a space of constant

sectional curvature (cf. [7]). Recently, efforts are made to study the geometry

of the tangent bundle of a hypersurface M in the Euclidean space R (cf.
[8]), where the authors have shown that the induced metric on its tangent

bundle TM as a submanifold of the Euclidean space R?"*? is not a natural

metric. Deshmukh and Al-Shaikh in [9], extend the study initiated in [8] and
computed geometric objects related to this metric. In this paper, we consider

a special case for the relevant work in [9], because we study the tangent

bundle of M7 as a submanifold of R*. Since we know that R* has three

Hermitian complex structures, using them together with the unit normal to

the hypersurface M 3, we get three orthonormal unit vectors on M 3, and

using those three vectors we study the properties of 7M equipped with the
induced metric represented in [9].

2. Preliminaries

Let (M, g) be a Riemannian manifold and 7M be its tangent bundle
with projection map n : TM — M. Then for each (p, u) € TM, the tangent
space  T(, )TM = 9(p,u) ®Y(p,u), Where Y, ) is kernel of

dn(p.u) T p,uyIM — T,M and $, ,) is the kernel of the connection
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map K, ,):1( p’u)(T M)—T »M with respect to the Riemannian connection
on (M, g). The subspaces Np,u) V(p,u) are called the horizontal and

vertical subspaces, respectively. Consequently, the Lie algebra of smooth
vector fields X(7M) on the tangent bundle 7M admits the decomposition

X(TM) = @ U, where § is called the horizontal distribution and U is

called the vertical distribution on the tangent bundle 7M. For each
X, € T,M, the horizontal lift of X, to a point z = (p, u) € TM is the

unique vector X é’ € 9, such that dn(X j )= X, o and the vertical lift of

X, to apoint z = (p, u) e TM is the unique vector X} € U, such that

XI(df) = X ,(f) for all functions f e C*(M), where df is the function
defined by (df)(p, u) = u(f). Also, for a vector field X € X(M), the
horizontal lift of X is a vector field X" e X(TM ) whose value at a point
(p, u) is the horizontal lift of X(p) to (p, u), the vertical lift X" of X is

defined similarly. For X e X(M) the horizontal and vertical lifts X", X"

of X are the uniquely determined vector fields on 7M satisfying
h h
dn(X?) = Xn(z)> K(Xx7)= On(z)’ dTC(X;) = 075(2)9 K(X;) = Xn(z)'

Also for a smooth function f € C*(M) and vector fields X,Y € X(M), we
have (fX)! = (f o) X", (FX) =(fom)X*, (X +Y) = X" +¥" and
(X+Y) =XV +Y". If dimM = m and (U, ¢) is a chart on M with local

coordinates x!, x%, ..., x™, then (Tc_l(U), @) is a chart on TM with local

. 1 1
coordinates x, .., x", ¥, .., y"

, where x' =x'on and yi = dx’,
i =1,.., m. Throughout this paper we use Einstein convention for

summation, that is, the repeated indices are summed on their ranges. For

horizontal and vertical lifts of smooth vector fields, we have the following:

Lemma 2.1 ([6]). Let (M, g) be a Riemannian manifold and
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i O i 0
X,ZeX(M), be locally represented by X =¢ — and Z=n'—. Then
X Ox

the vertical and horizontal lifts X" and X h of X at the point Z € TM are
given by

; 0 h i 0 i ki O
(X", =€ —. X'), =8 -&nTy—,
£y £ 7 oy

where the coefficients F}k are the Christoffel symbols of the Riemannian

connection V on (M, g).
3. Tangent Bundle of the Hypersurface

Let M be an orientable hypersurface of the Euclidean space R*" with

immersion f : M — R*" and TM be its tangent bundle with immersion
F:TM — R*. We denote the induced metric on M, TM by g, g
respectively and the Euclidean metric on R*" as well as on R by (,).
We also denote by V, V, D and D the Riemannian connections on M, TM,
R?" , and RY respectively, and recall that the connection coefficient
(Christoffel symbols) l"g of the Euclidean connection are zero. Let N and S
be the unit normal vector field and the shape operator of the hypersurface M.

2n-1

We know that if xl, vy X are the local coordinates on M, then the

2

corresponding local coordinates on 7M are xl,xz,...,x "_l,yl,yz,...,

yZn—l’ where xi = xi om and yi = dxi, i=12,..,2n—-1.

2n

Similarly if ul, ..., u”" are the local coordinates on Rzn, then we get

corresponding coordinates u', 42, ..., u*", V', v2, .., v*" on R, where
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h
0 j 0 .
- | =—, i=1..,2n
(&t’ ou't

We have the following theorem which is a consequence of the fact that

an immersion of M in N induces an immersion of 7M in TN.

Theorem 3.1 [8]. The map F : TM — R¥" is an immersion with the
matrix for dFp : Tp(TM) —> TF(p)(R4") at P=(p, X,) € TM, as the

(4n) x (4n — 2) matrix given by

, 'dfp(2n)><(2n—l) 0(2n)><(2n—1)
dFP = ( 0 fl ( k 5
———(p)y"(P) df, (2n)x(2n-1)
ox/ ax* (2n)x(2n-1) g
where
1 2 2 o' i o i
F=|fom f“om, .., [ om, SOV oy |
ox Ox

Thus the tangent bundle 7M of the hypersurface M of the Euclidean
space R*" is a submanifold of R*'. For the hypersurface M of the

Euclidean space R*", we have the following Gauss and Weingarten
formulae

DyY = VY +(S(X), Y)N
DyN =-S(X),

where X, Y € X(M) and S denotes the shape operator (Weingarten map)
S:X(M)— X(M). Similarly for the submanifold TM of the Euclidean

space R , we have the Gauss and Weingarten formulae:

DyY = VY + h(X,Y)

DyN =-S4(X)+VgN,
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where X, Y € X(TM) and S 5 denotes the Weingarten map in the direction
of the normal N which is § 5t X(TM) — X(TM), and is related to the
second fundamental form /4 by

(h(X,Y), N) = g(S3(X), Y).

Also we observe that for X e X(M) the vertical lift X" of X to TM, as
X" e kerdn we have dn(X") = 0 thatis df(dn(X")) = 0 or equivalently
we get d(fomn)(X")=0, that is, d(Ro F)(X")=0 which gives
dF(X") € ker dit = 0.

We have the following lemma.

Lemma 3.1 [9]. If (M, g) is an orientable hypersurface of R*", and

(TM, g) is its tangent bundle as submanifold of R4n, then the metric g on
TM for P = (p, u) € TM, satisfies

(1) gP(Xél’a YI];) = gP(Xp’ Yp)+ gp(Sp(Xp)a u)gp(Sp(Yp)a u)
(2) Bp(Xp, Vp) =0
3) g(Xv’ YV) = gp(Xpr)'

Remark. We observe that the metrics defined on 7M using the
Riemannian metrics of M (such as Sasaki metric, Cheeger-Gromoll metric,
and Oproiu metric) are natural metrics in the sense that the submersion
n:TM — M becomes a Riemannian submersion with respect to these
metrics. However, the induced metric on the tangent bundle 7M of a

hypersurface M of the Euclidean space R*" , as a submanifold of R*" is not
a natural metric because of the presence of the term
g2p(Sp(Xp), u)g,(Sy(Yy), u) in the inner product of horizontal vectors in
™.
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In what follows, we drop the suffixes and it is understood from the

context of the entities appearing in the equation.

Theorem 3.2 [9]. Let (M, g) be an orientable hypersurface of R*",

and (TM, g) be its tangent bundle as a submanifold of R*", and (M, g)

be equipped with the connection V and TM be equipped with the connection

V. Then the connection on TM is given as follows:
N h h 1 \Y
(i) V1 Y™ =(VyY) —E(R(X, Y)u)
(i) V4" = (Vx¥) + g(S(X), ¥)o nN"”
(iii) VXVY” = g(S(X), Y)onN"
. N~ vV _
(iv) V XVY = 0.

Moreover we have the following lemmas:

Lemma 3.2 [9]. Let M be an orientable hypersurface of R*". Then for
X,Y e X(M),

(D) A(X", Y") =0
) h(X*,Y") =0
@) h(x", ") = g(S(X), Y) o nN".

Lemma 3.3 [9]. For an orientable hypersurface M of R* and
X e X(M),

(1) BXVNV =0

2) D Xth 0

(3) DuN” = ~(S(X))
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@) Dy N" = ~(s(x))".

Lemma 3.4 [9]. For the tangent bundle TM of an orientable
hypersurface M of the Euclidean space Rzn,

() (XY, NV) =0, (ii) ?XVNV =0,
(iii) A(X", N") =0, (iv) V N = =(S(X), X € X(M).
4. Structure Induced on M

Let M? be an orientable hypersurface of the Euclidean space R* with
immersion [ : M 3 5 R* and TM be its tangent bundle with immersion
F:TM — R®. We denote the induced metrics on M, TM by g, g
respectively and the Euclidean metric on R* as well as on R® by (,). We
also denote by V, V, D and D the Riemannian connections on M, TM, R4,
and R® respectively. Let N and S be the unit normal vector field and the
shape operator of the hypersurface M. We know that R* has 3 Hermitian
complex structures Jq, J,, J3, Hermitian in the sense that J,-2 =—/ and
(J;X,J;Y)=(X,Y),Vi=1,2,3, which give that (J;X, X) = 0. For those
three complex structures we have the relations

Jyody==JyolJ| =J;
Jyoldy==J30Jy =J;
JyoJy =—=JyoJ3 =J;.

Suppose that N is a unit normal to the hypersurface M. Then this unit normal
will induce 3 unit vector fields on M, defined by &, = —J;N, Vi =1, 2, 3,

with dual 1-form n;(X) = g(X, &;). The set {§;, &,, &3} is a set of normal

orthonormal vectors of M > , because
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g€, &) = (i&, J/1&2)
= (N, J1&)
= —(JIN, &)
= (J3/2N, &)
= ~(/3&2, &)
=0
and g(&;, &) = (Ji&;, J;&) =(N, N) = 1.
Note. For X € X(M), J; X = ¢;(X)+n;(X)N, where ¢;(X) is the
tangential component of J;X. Then it follows that ¢; is a (1, 1) tensor field
on M3. Using Jl-2 = —1, it is easy to see that (¢;, &;, n;, g) defines an

almost contact metric structure on M 3, that s,
2
07 X = -X +m;(X)Eg;, (€)= Lmio¢; =0, ¢;(§;) =0
and g(¢;X, ¢;Y) = g(X, V) —n;(X)n;(Y), X, ¥ € X(M).
We immediately obtain the following

Lemma 4.1. Let M> be an orientable hypersurface of R*. Then the
structure (¢;, &, n;, ), Vi =1,2,3 on M3 satisfies

(i) (V) (X) = 1, (X)X - g(SX, X)g,
(i)) Dx&; = J;S(X)
(iii) Vx& = ¢;X.

Note. We have the following relations

(1)
0,8 = -&

®y83 =&

D8, =0
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@)
D38 = &
38 =&
D3E3 =0
)
D& =0
18y = &3
D&y = &),

Note. Let @S = S®;. Then use ®SX = Vx&;, and take X =&,
= @15 = Vg, & = Ve & = 50§ = 8(0) = 0.

Theorem 4.1. Let M be an orientable real hypersurface of R*. If
DS = SOy, and ©»S = SO,, then
g(SE;, &;) = 0 when, i # j
and
g(SEy, &) = (88, &7) = g(SE3, &3).
Proof. We have
1.
g(8¢y, &) = —g(8&;, @1&3)

= g(®;S¢), &3)

= g(SD&), &3)

=0
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g(8¢), &3) = g(S¢;, @1&;)
= —g(?5¢, &)

= g(S®&, &)

=0

888y, &) = g(5&;, ®1&y)
= —g(D15¢,, &)
= —g(S®&;, &)
= —g(8¢83, &)
= —g(&;, &)

= (8¢, &) =0

g(8&3, &3) = g(S®&,, @1&;)

= g(8&;, &)

and similarly

g(8g), &) = g(SP@,&3, D1E3)

= g(8&s, &3).

From this theorem we get the following

Corollary 4.1. Let M be an orientable real hypersurface of R4, Then

under the assumption that the shape operator S of M in R* has the

conditions
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S®; = DS, and D,5 = SO,
we have
g(SX,Y) = (S8, €)g(X, ¥), VX, ¥ € X(M).

Proof. For X € X(M), we can write X = a&; + b&y + c&3. This
implies that

g(SX, X) = g(aS§; + bS&, + cS&3, a&) + bE) + c&3)

= a’g(Sg), &) + b°g(SE,, &) + ¢*g(SE3, E3)

= g(Sg), &)[a* + b* + c?]

= g(8¢), &)g(X, X)

= g(g(Sg;, &)X, X)

= g(Sg;, &)g(X, X).
This gives

g(S(X + ), (X + 7)) = g(S, &)g(X +7, X +7)

which implies that g(SX, ¥) = g(S&;, & )g(X, Y), VX, Y € X(M).

Note. Since S = f1I, where f = g(S&;, &;), (VyS)(¥Y)=X(f)Y, and
(VxS)(Y) = (VyS)(X), for a hypersurface of the Euclidean space. This
implies that X (/)Y = Y(f)(X). Taking Y as a unit vector field, and taking

inner product with Y for both sides of the equation, it follows that
X(f)er,Y)=Y(/)g(X,Y)
X(f)=Y()g(X,Y).

Assume X =& and Y =&, = &;(f) = 0. Then we get &,(/)=0 and
E3(f)=0, which imply that X(f)=0, VX = f =g(S§,&) is a

constant.
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Theorem 4.2. Let M be an orientable real hypersurface of R4, and TM

be its tangent bundle. Then {&], €5, E3} is a set of linearly independent

vectors.

Proof. Assume that
MET + A€y + A8y = 0.
Taking inner product with &}, we have

7‘15(51}’ E)i}) + XZE(&E’ E.:i}) + >“3§(§‘3}’ Ezr) =0

=

Mg(Er, &)+ hog(&n, &) + Aag(Es, €)= 0
=

A = 0.

Similarly we can show that A, = A3 = 0.

Theorem 4.3. Let M be an orientable real hypersurface of R4, If
SO = DS, and DS =SO,, then the sectional curvature of the

horizontal plane sections is a constant.
Proof. Since
R" Yh zh o wh) = {g(S(Y). 2)g(S(X), W) - g(S(x), 2)g(S(Y). W) o m

using that g(SX,Y) = g(S¢;, &)g(X,Y), and that o = g(S§, &) =

constant ¢, we get

Rx", vhs b wh) = o (g(Y, 2)g(X, W) - (X, Z)g(Y, W)} o m,

which proves the result.
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Theorem 4.4. The tangent bundle TM 3 of the hypersurface M 3 of R*
under the conditions S®; = 1S, and ©,S = SO, is flat if and only if M is
flat.

Proof. Because of the existence of the Hopf condition on the
hypersurface M, we get that M has a constant sectional curvature, say c¢. Thus

RX,Y; Z, W) = c{g(Y, Z)g(X, W) - g(X, Z)g(Y, W);.

Substitute this in the relation
R y" 2" wh) = o g(v, Z)g(X, W) - g(X, Z)g(Y, W)}on
to get

2
Rx", v 2" owhy =2 Rx, v; Z, W).
C

Since R =0 except for the horizontal vectors, it follows that R=0
< R =0, which proves the result.

Corollary 4.2. The tangent bundle TM 3 of the hypersurface M 3 of R*
under the conditions S®; = ©S, and ®,S = SO, is locally symmetric if
and only if M is locally symmetric.

Proof. This follows immediately from the relations
5(vh vh. -h h (Xz
R(X", YY", 2", w )=7R(X,Y;Z,W)
=
= Evvh gk O
(VXhR)(Y ,ZTOWT = —(VxyR)(Y, Z)W
c

and (V :R)(Y/, ZMyw! =0, for i, j, k,1  {h, v}.
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5. Curvatures of TM
Assuming the conditions S®; = ®S, and ®,S = SP,, we obtain that

g(SX’ Y):g(SE;l:E:l)g(Xﬁ Y)’ VX,YE.%(M), where o = g(SEJI’ EJI) is a

constant. Then Lemma 3.1 takes the form:
() gp(XP, YB) = g,(X . Yp) + 02, (X ) g (¥, )
(ii) gp(Xp, Y2) = 0
(it)) Ep(Xp, Y) = g,(X ), V)
and Lemma 3.2 takes the form:
(i) h(XV,Y")=0
(i) (X", Y") =0
(iii) h(X", Y") = ag(X, Y) o n N
Note. We can choose an orthonormal frame for 7M as follows.
For a given point (p, u) € TM, with u =0, let {e], e;, e3} be an
u

orthonormal basis for M at p, such that ¢; = ﬁ Then from this basis, we
u

define the horizontal and vertical lifts by f; =%elh, where

h=1+(aul)®, fi=el', for j={2,3} and fj3=e}, for j =112, 3}
Now, we can easily prove that the set {f], />, f3, fa, f5, fo} forms an

orthonormal basis for 7M.

Proof. We have

(1)

g(h fi) = g[ix{f% j

>
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1 2
= 5o igler, &) + a"gley, u)gler, u);

1 o’
= x{l + Wg(u, u)g(u, u)}

=+ ouf)
=1
)
g(fZ: f2) = g(eéla eél)

2
= gl(ey, ) + agley, u)gley, u),

=1, (sinceel =4 ezj.

|ul
Similarly, we obtain that g(f3, f3) = 1.

(3) We can easily show that
g(fa, f4) = 2(fs, f5) =&(fe> f6) =1,

and that the inner product of any pair of the set {f], f5, f3, f4» f5, fo} 1S

Z€ro.

Lemma 5.1. For M a Hopf hypersurface of R4, the mean curvature
o = g(Sg, &).

Proof. We have

n
1
a = ;Zg(Seia e)
i=1
for the orthonormal basis {e;, e,, e3} of M, and hence

3
1
o= Zg(Seia el')
i=1

W
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= Jla(Ser, @) + g(Sey, e3) + g(Ses, )]
= (5, &)lger, @) + gle, )+ gles, e3)]

= (55, &) 3]

= g(S¢;, &)

Theorem 5.1. For the tangent bundle TM 3 of the hypersurface M 3 of
R* under the conditions SO = OS5, and ©,5 = SO,,

T+ 2N | h
H—oc[ o }N .

Proof. Since for the orthonormal basis {e|, e, e3} of M, we have that

1 .
{1s 25 f3 fas f5s S} = {th, A, el el ey, e§} is an orthonormal

basis for 7M. Hence

1 6
H = 2)(3{;}1(]3:]3)}

el )+ ek &)+ el &)+ el ef )+ (el ) + el €f)|

N —
> —

171 h h h
N E[To‘g(el, e))N" + ogley, e)N" + agley, )N }

_ofl h
_6[k+2}N

1T+ 20 | h
—o{ o }N,

where o = g(S€;&;) is the mean curvature.



240 Suha B. Al-Shaikh

Lemma 5.2. The tangent bundle ™ of the hypersurface M3 of R*
under the conditions S®; = ©S, and ©,S = SO, has a non-negative

sectional curvature K which satisfies the following
K(fi. fj) =0, fori, j={,2,34i# ]
and
K(fi, fr)=0, fori=1{, 2,3} k=145 6}

Proof. At a point (p, u) on TM, using {f, f>, f3,» fa> f5, f5} as an
orthonormal basis for the tangent space T{, ,\TM, the sectional curvature
K is given by

% E 5 ) 5
K(fi’ f2)= (fi f2 f22f1)
Ifinfal

s o opon 1 h)
Rl—e1,ey,60, —e
:(/—ll 2> € =€

2
h ‘

H _1 eh N €
ﬁ 1 2
1 > 2
7 {g(er, ex)gley, e) — gler, e2)}

%{g(ez, er)gle, ) - gler, )}

= O(.z.

Similarly, we get that K(f;, f3) = o, and

R(f2. f. fas o)

K(fs, fo) =
A PO

5.0 h h h
=R(€2,€3,e3,62)

|3 nef I
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_ o {g(er, e2)gles. e3) - gles, 1)’}
{g(er; ex) gles, e3) — g(e3, 62)2}

= (12.

Similarly,

R(f. f) = RUis Sie fie 1)
’ |fin Sl

(1 h v v 1 h)
Rl —ey, e, e,—e
~ (/_7»1 ko Ck /_XI

B 2

1 5 \%
Hﬁel N €
=0,
and K(f3, /i) = K(f3. /i) =0

Theorem 5.2. If TM 3 is the tangent bundle of the hypersurface M 3 of
R*. Then under the conditions SO, = DS, and ©,S = SD,, the Ricci

curvature Ric of (TM, g) satisfies the following:

. 2
Rie(x",¥") = S—{g(X",7")-207¢(X,u)g(¥,u)} +30’¢(X,Y)

and
Ric(X",Y")=Ric(X",Y")=0.

Proof. We have

6
RlCXYZZ (. X.Y, f)

for Xh, Yh, and hence

Ric(X",v")
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6

=D R(f X" Y 1)

i=1

w

= Y R(f, X" Y 5)

i=1

=1?(Le{“,)(”,1/’z +R(e, X", YY", &b

N3

-I—E(eé‘, Xh, Yh, eé’)

%)

= az{%g()(, Y)g(el, el)+%g(€1, X)g(Y’ 61)}
+a?{g(X, Y)gler, ex)} + a*{g(X, Y)gles, e3) + gles, X)g(Y, e3)}

2
= S {g(X. V) + gl X)g(Y, e)) + o {g(X, ¥) + gleg, X)g(Y. &)}

+o*{g(X, V)gles, X)g(¥, e3)}
o? 2 o?
= g(X, Y){T+ 20 }+Tg(ela X)g(Y’ el)
+o’gley, X)g(t, ep) + a’g
o’ D) o’ b
= g(X’ Y)7+30' g(X’ Y)"‘(T_ a ]g(el’ X)g(Ys 61)
2 2
g(X Y)+30L g(X,Y)+ (” ”2J ,u)g(Y, u)
2 2( 2 u 2
= OLT g(X, Y)+30%g(X, Y)+ %(WJ g(X, u)g(Y, u)

2
= S {g(X, V) - a’g(X, w)g(r, w)} + 3o’g(X, Y)
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2
- aT{g(Xh, Y = 202g(X, u)g(Y, u)} + 302g(X, Y).

Similarly we can calculate that
—_— 6 ~
Rie(X",¥")=Y R(f;, X",¥", £;)=0

i=1

and

6
Ric(X",¥")= Y R(f;, X", Y", ;) =0.
i=1

Theorem 5.3. Let TM> be the tangent bundle of the hypersurface M 3
of R4, Then under the conditions SO = ®S, and ©,S = SO,, the scalar

curvature S of (TM, g) satisfies the following:

- 2
5= a—z{— 24 3x(§ + 3a2x)} .
A 3

Thus, TM has a constant scalar curvature.

Proof. We have
(1) Ric(f;, f;)=0, for i = {4, 5, 6}.

a u

(2) Ric(f, f):ﬁ,z(Leh Leh):_z 1_£g(u _)2 1302
1> J1 \/x 1’\/% N 0y 5 |u||
aZ 2 2 242 aZ 24 2
= {h =207 Ju "+ 307 == {A -2+ 24 + 30707}
A A

2
=i‘—2{—2+ 3 (1+ o))}

. o 2
(3) Ric(fy. f3) = Ric(eh, o) = % {g (e ) ~207g (3. ) g (s, 1)
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2
+30L2g(e2,e2)=aT+3oc2.

aZ

(4) ﬁ:(fSa f3) = }%(eél, eél) :T{g(eél’ eg)_2a2g(63’ u)g(637 u)}

2 az 2
+3a g(e3,e3)=T+3oc

6
i=1
= Ric(fi, )+ Ric(fo, f>) + Ric( f3, f3)

OLZ 2 OLZ 2
=—2{—2+3x(1+a M)+ 29—+ 3a
N A

o? 2 o? 2
= x—z{—2+37u(1+a 7\,)}4‘?{27\,4‘67\.(1 }

2
= a—{—?. + 3%(2 + 3oc2kj}.
22 3
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