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Abstract. We choose a canonical transversal bundle of an affine immersion
if a pseudo-inverse of the fundamental form exists. In particular, well-known
canonical transversal bundles for a non-degenerate surface in R* are generalized
to those for a non-degenerate surface in 4-dimensional manifold with torsion-free
connection.
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81. Introduction

For affine immersions, some canonical choices of a transversal bundle are
known. Among them, the following are relevant to this paper. For a non-
degenerate hypersurface in R"*!, there exists a canonical equiaffine transver-
sal bundle which is spanned by the Blaschke normal field. For a non-degenerate
surface in R* Burstin and Mayer [3], Klingenberg [7], and Nomizu and
Vrancken [11] respectively gave canonical transversal bundles, where the last
is equiaffine. If the affine metric is positive definite, then Scharlach and
Vrancken [13] gave canonical transversal bundles which generalize these three
transversal bundles. For an immersion f : M" — R™™ (r < In(n + 1)),
Weise [14] gave a canonical transversal bundle under a regularity condition,
where he used a “konjugierte Elemente” of the affine fundamental form to
construct the transversal bundle. Recently, revising the regularity condition
and the “konjugierte Elemente” (pseudo-inverse elements), Wiehe [15] gave a
canonical equiaffine transversal bundle for an n-dimensional manifold in R™**"
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(r < %n(n + 1)). Investigating geometry of splittings for a short exact se-
quence of vector bundles with connection, Abe and Ishii [2] gave a canonical
unimodular splitting if a pseudo-inverse of the fundamental form exists. For
a regular immersion into R™*", this splitting gives the equiaffine transversal
bundle by Wiehe.

In this paper, for an immersion f : M — M, we first specify the theory
in [2] to the following short exact sequence of vector bundles over M:

0—TM 5 f#(TM) L f#(TM)/(TM)—0

with the pull-back V of a torsion-free connection on M. We note that a
transversal bundle for the immersion f is given by a splitting of this short
exact sequence. We set B := p@a and call B the fundamental form. We
include the proofs for the results shown in [2] in order to make this paper
self-contained. Moreover, the regularity condition and the pseudo-inverse of
the fundamental form defined by Wiehe in [15] for M = R™*" are generalized.
Our main purpose is to construct a two parameter family of splittings for a
non-degenerate surface of codimension two, which gives all known canonical
transversal bundles in the special case of M = R?.

In Section 2, we set up notation and terminology used in this paper. In
Section 3, we introduce the notion of a pseudo-inverse of the fundamental form
and recall some of the results in [2] to give a canonical choice of a transversal
bundle. This section also includes new result about the regularity condition.
In Section 4, we study affine surfaces of codimension two.

§2. Preliminaries

Throughout this paper we assume that all manifolds and mappings are
smooth and all vector bundles are real. Let M be an n-dimensional manifold.
Let V, W be vector bundles over M, I'(V') the space of cross-sections of V', and
(V) the set of covariant derivatives of connections on V. Let Hom(V, W) be
the vector bundle of which fiber Hom(V, W), at x € M is the vector space
Hom(V,, W) of linear mappings from V,, to W,. The space of vector bun-
dle homomorphisms from V' to W is denoted by HOM(V, W). We note that
HOM(V, W) can be canonically identified with the space I'(Hom(V, W)). For
non-negative integer k, we denote the space of V-valued k-forms on M by
AF(V) and A* := AF(M x R).

Let M be an (n + r)-dimensional manifold and f : M — M an immersion.
We denote the pull-back bundle through f of TM by T := f#(TM), the
bundle mapping by fu : T — TM, and its restriction to the fiber by fu, for
x € M. We define a linear mapping vy : TyM — Ty by 1y = (f#m)_1 o fia
for each x € M, where fi, : T, M — Tf(l,)]\;[ is the differential of f at z and
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the symbol o is used to denote the composition of mappings. We often omit
the symbol o for simplicity. We define a bundle homomorphism ¢ : TM — T
by t|r,m := tz. The mapping ¢ will be omitted if there is no ambiguity and
set T := TM = o(TM). Let i : T — T be the inclusion and p : T — T/T
the canonical projection. We set INV (i) := {y € HOM(T, T)|vi = idy} and
INVg(p) :=={p € HOM(T/T,T)|pn = idT/T}'

Take D € &(TM) and let V € &(T) be the pull-back connection on T
from D defined by Vo= f#D. We set B := pVi, where pVi is defined by
(pVi)x :=poVx oifor X € I(T). We call B the fundamental form of the
immersion f. We note that B € A'(Hom(T,T/T)) because of pi = 0. Let ~
be an element of INV (7). Then there exists a unique 4 € INVg(p) such that
iy +4p = ids. We set 7'V := Vi (resp. V7 := pV4) and call 7V (resp. V7)
the induced connection on T (resp. the transversal connection on T/T) Since
vi = idy and py = idp 7> We have

Lemma 2.1. For 'V and V7, we have
TV e &(T) and V7 € &(T/T).

Now we state the relation between v € INV (i) and an affine immersion.
For y € INV (i), we have a decomposition T = T® N.,, where N, is defined by
Ny :=Im¥y = T/T. We call N, the transversal bundle with respect to . Con-
versely we see that a decomposition T @ N = T gives v € INV(4) as follows.
We set pr: T — T (vesp. py : T — N) the projection homomorphism. Since
pri = idp, the corresponding homomorphism 7 := pp € INV (i) is defined by
the decomposition. For T®& N = T, let V7 (resp. BN ) be the induced connec-
tion on T (resp. the affine fundamental form) defined by VT := prVi € ¢(T)
(resp. BN := pyVi € AY(Hom(T,N))). We call (f,N) an affine immer-
sion with the transversal bundle N from (M,VT) to (M, D). It follows that
the correspondence between an affine immersion (f, N) and pr € INV(7) is
one-to-one, where pp is defined by the decomposition T'@® N = T. The ho-
momorphism prp : T/ T — T induces the isomorphism pr : T/ T — N. Since
pN = prp, we see that BY = prB and p.' BN = B.

For ~,5 € INV (i), since (5 — )i = 0, we see that there exists a unique
A € HOM(T /T, T) such that Ap =7 — .

Theorem 2.2. Take 7,5 € INV (i) and let A € HOM(T/T,T) be the ho-
momorphism such that A\p = 5 —~. For %, the geometric objects Ve &(T)
and V7 € €(T/T) satisfy the following equations:

(2.1) TV =7V + AB,
(2.2) V7=V - B),
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Proof. We shall prove the last equation. The other equation can be easily
obtained. Since iy + 4p = id; = iy + Ap, we have ¥ = 4 — i\. Thus we have
V7 = pV7 = pV(§ —iX) = VI — BA.

O

83. A pseudo-inverse of the fundamental form

From now on, we assume that V is torsion-free. Since [X,Y] € T'(T) for any
X,Y € I'(T), we see that B is symmetric, i.e., BxY = By X. We first give
the definition of pseudo-inverses. For B € HOM(T, Hom(T,T/T)), we denote
the corresponding element of T'(T* ® T* @ T /T) (resp. HOM(T © T, T/T)) to
B by B (resp. B), where T™ is the dual bundle of T' and ® is the symmetric
tensor product. For a symmetric %8 € HOM(Hom(T,T/T),T), we denote the
corresponding element of I'(T© T'® (T/T)*) (resp. HOM(T/T, T ®T)) to B

A~

by B (resp. B).

Definition 3.1. If a symmetric 8 € HOM(Hom(T,T/T),T) satisfies the
following equations, we say that B is a pseudo-inverse of B:

(3.1) B o B =ridy and BoB = nid;, .

This is a generalization of the definitions of those of “konjugierte Elemente”
in [14] and pseudo-inverse elements in [15]. Even if there exists a pseudo-
inverse B of B, then B is not unique in general. Considering the ranks of the
affine subbundles with respect to INV(B) and INV (B), we have

1
Lemma 3.1. Forr=1orr= in(n—{—l), a pseudo-inverse B of B is unique

if a pseudo-inverse of B exists.

We secondly recall the theory in [2] to give a canonical transversal bundle.
We assume that there exists a pseudo-inverse of B. Let B be a pseudo-inverse
of B. We denote the corresponding element of HOM(Hom(T' /T, T), T*) (resp.
HOM(T*, Hom(T'/T, T))) to the dual mapping of B (resp. B) by B* (resp.
%*) and the corresponding element of HOM(T* @ (T/T),T) to 9B by the same
symbol B. From now on, X,Y, Z (resp. ) always denote elements of I'(T)
(resp. T'(T/T)). For v € INV (i), we denote the dual connection of ¥V by
TV* and set

(VB)(0,€) == "V x (B(1,)) — BOVx7,€) — B, V&),
where n € Al The symbol Cr denotes the contraction with respect to X and

1. Then we have Cp(V?9B) € HOM(T/T,T). We define Hy, € HOM(T/T,T)
by
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HY = ———(Cr(V'B) — B*(B*(Cr(V'9)))).

n+r n —+ 2r

Theorem 3.2.([2]) Let B be a pseudo-inverse of B. For 2 € HOM(T/T,T),
there exists a unique vy € INV (i) which satisfies

Hr =L,

Proof. Take 7,5 € INV(i) and let A € HOM(T/T,T) be the homomor-
phism such that Ap =4 — ~. From (2.1)—(2.2), we have

(VXB)(1,€) = (Vi B)(1,€) + ABxB(1,€) + B((AB)51,€) + B(n, BxA())

for n € AL, where (AB)% : T* — T* is the dual of ABx : T'— T. From (3.1),
we have

Cr(VIB)E = Cr(VIB)E + (n + r)A(E) + B(Cr((AB)*), £).
Since Cp((AB)*) = tr(AB) = B*()), we have
B(Cr((AB)7), &) = B(B*(A), &) = B*(B*(A))(§)-
Since B* o B* = ridp«, we obtain
B*(Cr(VB)) = B*(Cr(VB)) + (n+ 2r)B*(\).

Thus we see that

Hy = Hy — \.
Hence we have 5+ (Hg —)p = 7+ (Hgs — A)p. We set yq := v+ (Hgp — A)p.
Since vy = Y + (Hg' — A)p, we have HE* = 2. O

Next, we define an equiaffine v € INV (7). Hereafter we assume that 7" and
T are orientable. We define the line bundle DetT by DetT := A"T"T*. We
set (T) := {& € T'(DetT)| is everywhere non-zero } and call & € (T the
volume element on T. Let i* : A"T — Det(T) (resp. p* : Det(T/T) — N'T*)
be the induced homomorphism with respect toi : T — T (resp. p: T — T/T).
For & € (T, we define the induced volume element wr € B(T) from & with

respect to a volume element wg € (T /T) on the quotient bundle T/T by
wr = i*wr,

where &p € A"T* satisfies wr A p*wg = w. For a given w, the correspondence

between wg € UV(T'/T') and wr € V(T') is one-to-one.

Definition 3.2. Let v be an element of INV (). For wy € U(T), if "Vwr =

0, we say that v is equiaffine with respect to wr.

For v € INV (i) and wy € B(T), let v}, € A! be the connection form of
TV relative to a frame field wr, i.e., v, (X)wr := 7"V xwr. Then we have

Lemma 3.3.  Takey,75 € INV1 (i) and let \ € HOM(T /T, T) be the homo-
morphism such that \p =5 — . Then for wp € B(T'), we have
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Vi = Uy — B*(N).
Proof. From (2.1), we have

Wwr = "Vwr — tr(AB)wr = (v, — B*(\))wr.
g

We shall use the following lemma to obtain an equiaffine v € INVz(4). From
Lemma 3.3 and the equation: Hgy = Hgj, — A, where Ap = 7 — v, we have

Lemma 3.4. Let wr € UB(T) be a volume element on T. For v,7 €
INV (i), we have

Vp — B*(Hy) = v, — B*(Hy,).

For v € INV (i) and wr € U(T), we set vy, 9 = Uy, — B*(Hg). Lemma
3.4 shows that v, » is independent of the choice of v € INV(i). Then we
obtain

Corollary 3.5. The homomorphism ~yq in Theorem 3.2 is equiaffine with
respect to wr if the following equation is satisfied:

1
QL = 7;%*(7/101“,‘3)'

1
Proof. Take v € INV(i) and set vy = v + (Hg + ;%*(VWTV%))]). Since

B* 0%* = ridp+, we have
B*(%B*(k)) = rk
for k € AL. Then we have
B*(Hy + %%*(VJT _B(HY)) = v
From Lemma 3.3, we obtain 1% = 0. 0

Now we introduce a regularity condition on the immersion and apply Corol-
lary 3.5 to generalize the result of Wiehe [15]. Take wg € U(T'/T) and let
woB € T((®*T)*) be defined by

(weB)(Y1,Y2, ..., Yor—1,Y2r) i= w@(By, Y2, ..., By,,_, Yar)

for Y1,...,Ys, € T(T). Let Y, ...,Y>" be elements of I'(T). We define
(weB)™ € T((®*(®"T))*) by
(woB)™ (Y, ...,V Y2 L Y2

sy fno

= (WQB)(Ylla s ’Y127’) T (WQB)(YJ’ SRR Yn%)v
and 2, ((weB)") € T((@* (A"T))*) by
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(3.2) A, (woB)™) (Y, .. Y YR Y2
1
= Z sgnoy - - - sgnagr(wQB)(Yall(l), cey Yf;(l)) e
01,021

x(WQB) Yz, )+ > Yo )

where o71,...,09, are permutations on {1,...,n}. Take & € U(T) and let
wr € B(T) be the induced volume element form & with respect to wg. There
exists a unique det,, (wgB) € A° such that

A, (woB)") = dety, (woB)wr ® -+ - @ wr.
We set
w(B) = ]deth(wQB)|ﬁwT.
Note that w(B) depends only on B and the orientation given by wr.

Definition 3.3. If the fundamental form B satisfies w(B), # 0 at each
x € M, we say that the immersion f is regular.

The assumption that f is regular is depends only on the immersion f : M —
M and the connection D on M. Let N be a subbundle of T such that T& N =
T and BY the affine fundamental form. We set wy = prFwg € B(N). Since
B = ﬁ;lBN, we obtain wgB = wnBYN. Then we have

\det,, (wy BN) |75 wr = w(B),

whose left hand side coincides with that of Wiehe [15] in the case of M = R™",
Let X1,...,X, be a unimodular local frame field for T" with respect to wr,
Le, wr(Xy,...,Xy) = 1, and &, ..., & a unimodular local frame field for
T/T with respect to wg. Let X1 ..., X™ (resp. &',...,€") be the dual of
X1,..., X, (resp. &1,...,& ) and Bj = §*(Bx; Xk). We set

Qjyojo, = (WQB) (X, - .- Xop) = Oay o, By, -+ By

j1j2 Jor—1j2r"
Then we have
1

dety,, (woB) = .

1....n -1 n
J191 . §2r d2r . e (s .
(5 (5 T Taj%m]%r a]{z...]gr.

If f is regular, then we define B’ € HOM(Hom(T,T/T),T) by requiring

det,, (woB)B' (X7, X* €,) = dety,, (woB)BI*
=7rd BY ...RB% adij (wQB)jkj3“'j2’“,

R R Jar—1j2r



320 R. ISHII

where
_
(n—1)!

is the classical adjoint as in Wiehe [15]. Since

adj,,, (woB) 7 =

S 5j2rl§r"'lgral2...12 CeeanLn
1 2r 1 2r

ndet,,, (wgB) = Aj ooy adj, . (wQB)j1~nj2r’
we see that B’ satisfies
‘ngBJ?"l = 7*5{“ and %ngfk = nég,

that is, B’ is a pseudo-inverse of B. For the independence of the choice of
the transversal bundle N, we use B’ instead of the pseudo-inverse BY €
HOM(Hom(T, N),T) of BY by Wiehe. Then we have

Lemma 3.6. If an immersion f : M — M is reqular, then there exists a
unique pseudo-inverse B’ € HOM(Hom(T,T/T),T) which is independent of
the choice of the transversal bundle N.

Corollary 3.7. If an immersion f : M — M is reqular, then there exists a
unique equiaffine v,(py € INVL(i) which satisfies

Yw 1
Hy = —;%/* (Vu(B),1)-

Note that if M = R"? and V& = 0, then the equation of Corollary 3.5
reduces to

Vo L s
Hay” = — B (vum) ) = 0,

where the transversal bundle Im?Y,p) coincides with the transversal bundle
given by Wiehe [15].

If r = 1, then f : M — M is regular if and only if f is non-degenerate, that
is, the affine fundamental form is non-degenerate. From Lemma 3.1, we have

Corollary 3.8. If an immersion f : M — M with r = 1 is non-
degenerate, then there exists a unique pseudo-inverse B’ and the transversal
bundle Im4,,(p) gwes the Blaschke immersion.

For an immersion f : M — M with r = %n(n + 1), we say that f is non-
degenerate if B is surjective (see [12]). If r = in(n + 1), then f : M — M is
regular if and only if f is non-degenerate. From Lemma 3.1, we have
Corollary 3.9. If an immersion f : M — M with r = %n(n + 1) is non-

degenerate, then there exist a unique pseudo-inverse B’ and a unique equiaffine
Yw(By € INV (i) which satisfies

Vo T
H%I(B) = —;SB' (Vw(B),%’)'
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In particular, if M = R"Jr%"(”ﬂ), then Im?,,(p) coincides with the transver-
sal bundle given by Weise [14], where the regularity condition coincides with
that in Wiehe [15].

84. Non-degenerate surfaces of codimension two

Hereafter we assume that dimM = 2 and dimM = 4. We shall generalize
various notions on affine immersions into R* to those into M. We first intro-
duce the affine metric g given in Nomizu-Vrancken [11], for example. Take
& € B(T), wg € B(T/T), and let wy € V(T) be the induced volume element
from @ with respect to wg. Let X7, X2 be a local unimodular frame field for
T with respect to wr. Let G be a symmetric bilinear form on M defined by

G(Y Z ngna WQB)( o(1)» Y7 Xo‘(2)7 Z)v

where o is a permutation on {1,2}. We set
dety,, G = det(G(X;, Xi)).
For a local frame field X7, X5 for T and &3, & for T/T, we write B as B;?‘ka ®
XFeé, e (T T @ (T/T)).
Proposition 4.1. It follows that
dety,, (wgB) = 4det,,,.G.

Proof. Let X, X5 be a local unimodular frame field for T" with respect to
wr. We first compute det,,,G. By a straightforward calculation, we have

dety, G = wq (&1, 52)2(?1113313%2332 — B}, B3, B3, B}, — By, B}, B{y B3,
+Bj, B}, B3, B}, — Z((BlllB%Q)2 + (B3, B},)* — 2B}, B3, B3, B}))).

Next, we compute det,,.(wgB) by (3.2). Then we have

1

dety, (woB) = ) wq(é1,62))*(—(B11 BYy — BlyB}) (B3, BS, — By B3)
- 3111321 3213%1) 3223 312B§2)
+(B1, B3, — B22B B; 2B — B, B3,

B B22 B%2B§1
B B%l BllB%I
BlQBQQ B%QB%Q

N AN AN N N N /S

—~

S
[N}

[\o}

U:J
[\l o)

—

U:J
N =
—_

Sy
NS
[N}
\_/l\D
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Comparing det,,,G with det,,,(wgB), we have the assertion. O

If G is non-degenerate, we say that f is non-degenerate (see [11]). From
Lemma 4.1, we have

Corollary 4.2. The symmetric bilinear form G is non-degenerate if and
only if the immersion f : M — M is regular.

In the remainder of this section, we assume that the immersion f : M — M
is non-degenerate. We define the affine metric g on M by

g(Y, Z) == G(Y, Z)/|det,,,. G|3.
It is clear that g is non-degenerate and
1 1 1 1 1
wy = |detur g bwr = [dety, Glbwr = (3)3 detup (woB)|wr = (3)3w(B).

Note that g and w, depend only on B and the orientation given by wr.

From Lemma 3.6 and Proposition 4.1, there exists a pseudo-inverse B’ of
B. But in this section, we shall show the uniqueness of the pseudo-inverse of
the fundamental form and actually construct the pseudo-inverse by B. Let
X1, X5 be a local orthonormal frame field for T with respect to g, that is,

9(X1,X1) = e,
g(X17X2) = 07
9(X2, X2) = €,

where ¢, = 1 or —1 for ¢ = 1,2. The following lemma can be proved in the
same way as in the proof of Theorem 4.1 in [11].

Lemma 4.3.  Let X1, X3 be a local orthonormal frame field for T' with respect
to g. Then there exists a unique local frame field &1,& for T /T such that

wr (X1, Xo)wg(&1,62) = 1,

Bh =1, B%l =0,
B%Q — O, B%Q = €2,
B%Q = —€1€9, B%Z =0.

Let X1, X5 be a local orthonormal frame field for 7" with respect to g and
&1,& alocal frame field for T'/T that satisfies as in Lemma 4.3.

Lemma 4.4. A pseudo-inverse of B is unique.

Proof. Let %', be symmetric pseudo-inverses of B and set D := B — B’
Then ® € HOM(Hom(T,T/T),T) satisfies ® o B =0 and Bo® = 0. We
compute ®© by the frame field as in Lemma 4.3. Then we have © = 0. a

Let B := B’ be the pseudo-inverse of B. For X1, X»,&1,&, we write B as
%éka X, el(T'eoT ® (T/T)*). From Lemma 4.3, B satisfies the
following:
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Lemma 4.5. We have

Byl =1, B! =0,
B2=0, BP=e,
%%2 = —€1€9, %32 =0.

From Theorem 3.2, for 2 € HOM(T/T, T), there exists a unique 7y €
INV(i). In order to give a canonical choice of % € HOM(T/T,T), we shall
construct A from the fundamental form B as follows. We set P(X,Y) :=
Vxi(Y) — i(V%Y), where V9 € €(T) is the Levi-Civita connection for g. Let

trgP € I'(T') be defined by
trgP = e1(Vx, X1 — V{, X1) + e2(Vx, Xo — V¥, Xo).
From Lemma 4.3, we see that tr,P € I'(T"). We set
vy =y (X (tryP)) X" € Al
i.e., the metric dual of try P and
g = X1 (tryP)X? — X%(tr,P) X! € AL

Note that pg is independent of the choice of a positively oriented orthonor-
mal frame field with respect to g and wp. Since the equation: vy A pug =
g(trg P trgPlwg = v4(trgP)wy, we see that if g(try P, tryP) # 0, then v, and
pig are linearly independent. For s,t € R, we obtain the element B (v,,(py» +
svy + tpg) of HOM(T /T, T), which is given by B. Then we have

Theorem 4.6. For s,t € R, there exists a unique y(s,t) € INV(i) which
satisfies
H’Y(Svt) — 1%*
B ) (Vw(B),‘B + svg + thg).
In particular, v(0,0) is the equiaffine with respect to w(B).

If M =R* e = e = 1, and V& = 0, then ~(s, t) gives a family of transversal
bundle Im#4(s,t) which coincides with the family of transversal bundle given
by Theorem 5.3 in [13], where the complex number ¢ in [13] satisfies

c=—(6s—1+6y—1t).

Let vpar € INVL(7) (resp. vi,ynv € INVL(7)) give the transversal bundle
ImApps (resp. Im9g, Imyny) by Burstin-Mayer (resp. Klingenberg, Nomizu-
Vrancken). We set

C(X,Y,Z) = (ViB)yZ =V%ByZ — BwyyyZ — By'VxZ,
and call C the cubic form. Then we obtain

Corollary 4.7. If M =R* and V& = 0, then v, Vi, and Yy satisfy the
following:
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1
YBM 27(5,0),
1
7K :’7(670)7
ynvv = 7(0,0).

Proof. From Theorem 4.6, we see that yxv =~(0,0). For A\ € HOM(T/T,T),
we set \h = X7(A\(&)). We take v € INV (i) and set Apyp = YBM —
Y, Akp = YKk — 7, and Ayyp = ynv — 7. To obtain s,t of y(s,t) for vy
and v, we express Apa, Ax, and Ayy by using the cubic form C. Since
YNV = v+ Hg,, we obtain yny = Hy. We express yyy by C as follows. From
(3.1), we have

(Vi B)B+BoVLB=0 and (VxB)B + BoV}yB =0.
Since the ambient space is an affine space, we see that C' is symmetric in all
three variables. We write V}j‘B as %Igf;ij ®X;®&Y and C as C]‘?‘lej ©XkFo
X! ® &,. Then we have the following:
%%-11 = _01111>
%%;12 - _011127

B3 = —%201211 + %1012227

23%;22 = *%201212 + %10322,

23%;21 = *011227

%%;22 - = 21227

%%;11 = _6201112 - %01211 %C%Q%
%%;12 = —e2Clp — %01212 %ngw
%%,21 - C'1127

%%;22 = —C’122,

B = 10l — 5Ch — N0k,
SB%;22 = 6101122 - %(11212 - %02222-

It follows that we have the following equations:

ANVi = i(501111 + €201y — 36105, + 16201,
ANvi = i@cgm — €10y, + 36207, + e162C1y),
ANvs = 5(56201112 + 3e162C3, + TC%5 + €1C3y),
ANV = 5(701212 — 5610y + 3e16205, — e2C143).
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We compute ypas by virtue of (5.2) in [11]. Then we have

1

)‘BM% = 5(01111 - 6201212 - 61‘5201122 - 3610%22)’
1

Apmi = E(3€201211 — 1620115 + €1CT5 + C3yy),
1

ABMy = 6(26201112 + C}y + €1C5y),
1

ABaS = 6(_6201111 —261Clyy + Chpp).

We compute yg by virtue of Theorem 6.1 in [11]. Then we have

1
)\K% = 6(01111 - 6102222),

1
AkT = (€20}, + Clyy),

6
1
)\K% = 5(301222 + 36201112 + 610%11 + E16202122)7
1
)\K% = 5(3(]1212 — 36101122 - 6201111 + 616202222)'
Computing B*(v,) and B*(uy), we have the assertion. U
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