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1. INTRODUCTION

Let m: E — M be an oriented Riemannian vector bundle with a Riemannian
connection D,  its curvature matrix. Then the Euler characteristic class e(F) of the
bundle E can be represented by Pf (7(211)’1(2), where Pf is the Pfaffian polynomial.
As is well-known, the Pontryagin and Chern classes can be obtained from the Euler
classes. The characteristic classes are very important in the study of topology and
differential geometry.

In this paper, we study the relationship between the sections and the Chern or
Pontrjagin classes of a vector bundle by the theory of connection. The results are
natural generalizations of the Gauss-Bonnet Theorem which concerns the relationship
among the Euler class of the tangent bundle, the tangent vector fields and the Euler-
Poincaré characteristic number of the manifold.

As is well known, the top Chern class of a complex vector bundle Ec and the
Euler class of its realization vector bundle Ei are the same. This can be proved by
the splitting principle, see [1, p. 273], [4, p. 115] or [10, p. 158]. In §2, we give a
direct proof of this fact. Then we state some known results about the characteristic
classes which are needed in § 3.
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In §3, we study the relationship between the sections of the vector bundle and
the Chern or Pontrjagin classes of the bundle. Using the transgression, we show that
the Chern and the Pontrjagin classes can be represented by cycles in homology of
the base manifolds by Poincaré dual. These cycles are determined by the generic
sections of the vector bundles.

In the following, we assume that the base manifolds of vector bundles are all
compact and oriented.

2. PRELIMINARIES

The complex Euclidean space C" is naturally isomorphic to a real Euclidean
space R?". The isomorphism can be given by

E zie; — E Te; + E Yibnti, 2Zi=xi+V—1ly;, t=1,...,n,
where ey, ..., e, is a unitary basis of C*. The basis €1, €541, ..., €n, €2, of R?" also

gives an orientation on R**. For any matrix C = (Cj;) € so(2n), the Lie algebra
of SO(2n), let

T = (e1,ent1y---»ensean) AC(E1,€ni1,s-- -, En,ean)t.

The Pfaffian Pf(C') is defined by

Pf(Cles Nept1 A... Nep Aeap = 2nln!Tn'

Let U(n) be the unitary group and u(n) its Lie algebra, any element of u(n) can be
represented as A++/—1B, where A, B are real matrices. The canonical representation
U(n) — SO(2n) induces a representation between their Lie algebras. With the
oriented bases eq,...,e, and e1,...,€n,€n41,...,€2, on C* and R?" respectively,
the map u(n) — so(2n) can be represented by

A B

A+ V1B
+ H(-B A

), At = _A, B'=B.

A B
Denote C' the matrix obtained by rearranging the rows and columns of ( B A)

according to the oriented basis €1, €,11, ..., €, €2, of R?".
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Lemma 2.1. Pf(C) =det(—v/—1(4A ++/—1B)).
Proof. It is easy to see that T can also be represented by

A B
T: (61,...,€n,€n+1,...,€2n)/\ (—B A) (61,...,en,€n+1,...,€2n)t.

Let g; = e, — V—1lenti, gnti = € + vV—1lepy; and X =

(AT

2 \y=1r 1
U(2n). By
V2 — —
(617"'7€n76n+17~'~762n)X: 7(gn+17~'~792n7 71917"'7 71977.)7
_ V2 — —
X 1(617"'7€n76n+17"'762n)t: 7(917"'797177 7lgn+17"'77 719271))57
A B A++-1B
Xt X = + ,
-B A A—+/—1B

(gnt1s- - 920) A(A+V=1B)(g1,...,9n)"
= (gla s 7gn) A (A -V _1B)(g’ﬂ+17 s 792n)t7

we have T'= (gna1,---,92n) A (A +V/—=1B)(g1,...,g,)t. Then

T" =nldet(A+ V—1B)gnt1 Ag1 A ... Agan A gn
=nl(—2v-1)"det(A+ vV—1B)e; Aept1 A... Aen Aean.

Hence Pf(C) = (—v/—1)" det(A 4+ v/—1B). 0

Let m: Ec — M be a Hermitian vector bundle with fibre C", D¢ a Hermi-
tian connection on E¢c. The bundle E¢ naturally determines a real Riemannian
vector bundle 7: Er — M with fibre R2” and a Riemannian connection Dg. If
$1,.-.,8p 18 a unitary basis for the sections of E¢ over an open set U C M, then
S1, Spt1 = V—=1s1,...,8n, Son = V/—18, form an orthonormal basis for the sections

no .
of Er over U, see [10, p. 155]. If DZs; = > Qijs5, Qij = Qij + V/—1Q; 5,4, are the
j=1
curvature forms of connection D¢, we have
Digs; = Z Qijs; + Z Qi ntjSn+s)
Disnti = — Z Qintjs; + Z Qijsn+j-

Denote Qp. and g, the curvature matrices of D¢, Dg, respectively. By
Lemma 2.1, we have

723



Corollary 2.2. The top Chern class of the bundle Ec and the Euler class of Eg
represented by g, and Q) g, respectively are the same, that is,

det(gsz&) - Pf<;—iQEQ>.

From the vector bundle w: Ec — M, we can construct fibre bundles ;:
V(Eg,i) — M, i = 1,...,n. For any p € M, the fibre 7, '(p) is a complex
Stiefel manifold formed by all unitary i-frames on 7~*(p). For each i, we have an
induced bundle 7} E¢c — V(Eg¢,4) which can be decomposed by 7} Ec = &; & Fi—_;.
The fibre of F,,_; over (s1,...,8;) € V(Ec,i) is the orthogonal complement of
1,...,8; in the vector space 7~ 1(p), the bundle &; is trivial. Then we have the

following commutative diagram

F1 Fn—l — Fn:EC

l ! l

V(Bc,n) —2— V(Ee,n—1) —== V(Ec,1) —2— M.

The maps in the diagram are all defined naturally. By the theory of characteristic
class and Corollary 2.2,
Tn-iCi(Ec) = ci(m,_Ec) = ci(En—i ® F;) = ¢i(Fi) = e(Fig).

The map «j: V(Ec,j) — V(Eg,j—1) defines a fibre bundle with the fibre S27~2/+1,
As in [10, §14], applying the Gysin sequence to the vector bundle F,_j;1 —
V(Ec,j — 1), we know that the pullback map

o HYV(Eg,j—1),2Z) — HYV(Ec,j), Z)

is an isomorphism for any k < 2n—2j+1. Since 7,—; = @1 ... an—i: V(Ec,n—1i) —
M, the maps

7t _c HY(M,Z) — H*(V(Ec,n—1i),Z), k<2i+1,

are all isomorphisms.
Proposition 2.3. ¢;(Ec) =" ic;(F) =n'"te(Fip),i=1,...,n.
Then ¢;(Ec) = 0 if the bundle F; — V(E¢,n — ) has a non-zero section.

For the real vector bundle 7: £ — M, we can also construct fibre bundles 7;:
V(E,i) — M,i=1,...,n = rank E. For any p € M, the fibre 7; ' (p) is a Stiefel
manifold formed by all orthonormal frames on 7~!(p). For any i, we have a pullback
vector bundle 7} E = £ @ F,_; — V(E,i), where £ is a trivial bundle of ranki.
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Proposition 2.4. Assume the vector bundle F is oriented, then the vector
bundles F,,_1, — V(E, k) are all oriented. We have p;(E) = 7" 5;[e(Fa;) - e(Fy;)],

where p;(FE) is the ith Pontrjagin class.

Proof. Similarly to Proposition 2.3, we have p;(E) = W;:éipi(ﬁzi). By [10,
COI‘OH&I‘Y 158], pz(F21) = B(in) . B(in). O

3. THE TRANSGRESSION AND THE POINCARE DUAL

In [2], [3], Chern gave an elegant proof of the Gauss-Bonnet theorem and intro-
duced the concept of the transgression for the characteristic classes. Let m: F — M
be an oriented Riemannian vector bundle with rank 2n, p: S(F) =V(E,1) — M be
the associated sphere bundle. The induced bundle p*E — S(F) can be decomposed
as p*F = Fon_1 ®E. Then

pe(E) = e(Fyp 1 ®E) =0 in H>(S(E),Z).

Let D be a Riemannian connection on E and p*D the pull back connection on p*E.
Let e1,...,e2,_1, €2, be oriented orthonormal frame fields on p*F, £ be generated
by ez, € S(F). Define another connection D on p*E:

Bea:ZJjgeﬁ, a,Bf=1,...,2n—1, Eegn:(),

where & = p*w? are defined by De, = > wPes + wes,. Let p*Q and Q be the
curvature matrices of the Riemannian connections p*D and D on p* E respectively.
Then e(E) can be represented by e(Q2) = Pf(52(2) and e(Q) = 0 on p*E. By
Chern-Weil methods, there is a 2n — 1 form 1 on S(E) such that

1 oo,
pe() =—dn, n= W/o Pf(&0 — p*w, Qy, ..., Q) dt,

where ), is the curvature matrix of the connection p*D + t(l~) —p*D). Restricting n
to each fibre of S(E) — M is the volume form of the fibre. For the computation of
Pf(® — p*w, Q4, ..., ), see [7, p. 297].

When E' =TM is the tangent bundle of a Riemannian manifold M, the form 7 is
the same as Chern obtained in [3].

Let ¢: [0,400) — R be a smooth function, ¢(r) = —1 for r € [0,1], o(r) = 0 for
r > 2. Then the 2n-form ® = d(o(|e|)7*n) is a Thom form on E, where |e]| is the
norm of e € E and 7: E— M — S(FE) is the projection, e € E — M, 7(e) = e/|e|.
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For a proof, see [1, p. 132, Proposition 12.3]. For the construction of Thom form,
see also Mathai and Quillen [9].
Similarly, for the complex vector bundle 7: E¢ — M defined in §2, we have

Theorem 3.1. For any i = 1,...,n = rank FE¢, there is a 2¢ — 1 form 7; on
V(Ec,n — i+ 1) such that 7, _; ,c;(Qp. ) = —dn;.

The theorem follows from Proposition 2.3 and the result on the Euler classes.
Using the transgression form 7;, we can construct a Thom form ®; for the vector
bundle F;.

Let s1,...,s,—44+1 be sections of the Hermite bundle E¢ which are linearly in-
dependent on M — Z. Assume that Z is a set of submanifolds of M. From these
sections, we have a section §: M —Z — V(E¢,n—1i+1). Then on the subset M — Z,
we have

¢i(Qp. ) = —d(5™m).

Let U. be an e-neighborhood of Z in M. For any closed m — 2i form £ on M,
m = dim M, we have

/ Ci(QEE)/\f = lim :Sv*T]z /\6.
M e—0 i

U
The left-hand side of this equation is independent of the choice of the sections of the
bundle FE¢. This equation is useful for our understanding the relationship between
the characteristic classes and the sections of the vector bundles as we know for the
Euler classes.

Theorem 3.2. Let sj,...,S,—,+1 be sections on E¢ which are linearly inde-
pendent on M — Z, where Z is a subset of M. If there is a nonzero Chern number
a= [y Q). .ci,(Qg.), i2 = ... > iy, k > 1, then the set Z cannot be
contained in any submanifold of M with dimension less than 2is.

A similar result holds on real vector bundles.

Proof. If Z is contained in a submanifold N of dimension less then 2is, let
Uy C Us be open neighborhoods of N such that N is a deformation retract of Us.
Then on Us, we have E¢ |y, = E1 ® Es and Fj is trivial with rank > n — io. Then
we can construct a connection D¢ on E¢ such that ¢;, (Qc )|y, = 0, where Q¢ is the
curvature matrix of D¢. Hence

/ Ci, (QEC ) .. -Cik(QE@) = lim 5*771'1 /\ciz(QEE ) .. 'Cik(QE@) =0,
M =0 Jou.

contradicting to the fact that a # 0. O
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For example, let CP™ be the complex projective space and T.CP" its holomorphic
tangent space. It was proved in [10] that all Chern numbers of T.CP™ are nonzero.
Let 41 = n — k, 72 = k in this case. Then for any submanifold N of CP", dimg N <
2k, there do not exist vector fields X1,...,Xp41 € T'(T.CP™) which are linearly
independent on CP™ — N.

In the following we give a geometric proof of the fact that the Chern classes can
be represented by some submanifolds of the base manifold of the bundle which is the
Poincaré dual.

As in [6, Chapter 3], let 0 = {s1,...,8,} be a set of C* sections of the bundle E¢
and let the degeneracy set D;(o) be defined by

D;=D;(c)={peM: si(p)A...Asi(p)=0}, i=1,...,n.

We say that o is generic if, for each 4, s; 11 intersects the subspace of E¢ spanned by
S1,...,S; transversally, so that D, is, away from D;, a submanifold of dimension
m—2n+2i. Thus sections s1, ..., s;4+1 are linearly independent everywhere if m+2i <
2n. We can give each N;1 1 = D;;1 — D; an orientation defined naturally. Then
D, represents a cycle in homology, called the degeneracy cycle of the sections o.
In a neighborhood of a point p € N,;1, complete the sections e; = s1,...,€; = s; to
a frame for Ec, and write s;+1 = Y. fiej, fi = fj1 +V/—1f;2, where f;1, fj2 are

J
real functions. N;y; is then locally given by f;11 = ... = f, = 0. Let ¥, 1 be the
orientation on ;1 near p such that the form

Vgt Adfizia Adfigio A A Adfp i Adfn2

is positive for the given orientation on M. Note that the set Nj is discrete when
dim M = 2n and ¥, = +£1 in this case.

Theorem 3.3. For k = 1,...,n, the Chern classes cy(Ec) are the Poincaré
duals to the cycles Dy, 1. Thus cx(Ec) =0, if Dyy_gy1 = Dp—g or Dyy_g41 IS a
boundary.

Proof. The theorem has been proved in [6] by using the Grassmann manifolds,
see also [1, p. 134]. In the following we give a direct proof.

For any k > 1, we have ¢y (Fy) = 7 _,cx(Ec). Thus there is a 2k — 1 form n;, on
V(Ec,n — k+ 1) such that

16k, = —dny.

The restriction of 7y to each fibre of a,,—11: V(Ec,n —k+1) = V(Ec,n — k) is
the volume form. By Gram-Schmidt process, from the sections si,...,S,_kt1, We
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have a section 0,_g41: M — Dp_py1(0) — V(Ec,n — k + 1), where 7,41 =
{$1,...,50—k+1} is a Hermite frame field on M — D,_j1(c). Let U;(e) be
e-neighborhoods of D; respectively, i = 1,...,n, Uj(e) C Uj(e) if i < j. Then
for any closed m — 2k form £, we have

[ et ne = tim B i A6
M =0 Jou, _ri1(e)

The space 9U;(e) — OU;_1(e) can be viewed as a fibre bundle over N; with fi-
bre $2"~2i*1 The normal bundle v(N;,1) of N;y; in M is oriented and the orienta-
tion is given by that of M and N;41. Let @ = (21, ..., Tm—2k, Tm—2k+1,- - - » Tm) be
oriented coordinates in a neighborhood of p € Ny,_j41 in M such that, restricting
on Np_g+1, (1, .., Tm—2) are oriented coordinates on N,,_gy1. By

Vo pp1t Adfp—pp11 Adfp—gr12 A Adfr1 Adfn2

a - ) - 2000 )
_ (fn k+1,1 fn k+1,2 fn,l fn,Q) \Ijn—k+1 /\dxm—2k+1 /\/\dSCm,

6($m—2k+13 oo 7$m)

we have 3(fn,k+111,fn,k+112,...,fn,l,fn’Q)/a(SCm,QkJrl,...,.’,Em) > 0. As noted
above, integrating along the fibres of the map U, _j11(¢) — OUp_1(e) — Np_j11
yields

lim On—hg1Me NE = / £
e—0 OUp _p41(e)—0U,_ () Np k41

As 2n —2i+1 > 2k — 1 when i < n — k, we have

lim On—kr1Me NE=0.
£—0 aUn—k(E)

/Mck(QEE)Aﬁ/DnM 13

This completes the proof of the theorem. O

Hence

Corollary 3.4. If N,,_y1 is a closed submanifold of M, i.e. Ny_g+1 = Np—k+1,
then N,_jy1 is the Poincaré dual of the Chern class ci(Ec). Furthermore, if
dimg M = 2n, there is an oriented real vector bundle Fr over N,,_j41 such that

/ () A () = / (),
M Nn—k+1

where Qp, is the curvature of Fp with respect to some connection on Fp.
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Proof. By Theorem 3.3, we have
/ ck(Qe: ) N en—k(Qe ) :/ pren—k(Qe ),
M Ny k41

where p: N,_ry1 — M is the inclusion, dim N, _;+1 = 2n — 2k. By dimensional
reason, the pull-back bundle p* EF¢ can be decomposed as p* E¢ =2 Fe @& on Ny 41,
where &}, is a trivial bundle. Hence

pen—ik(Ec) = cn—ik(Fc) = e(Fr).

d

Remark. On the other hand, by the assumption of Corollary 3.4, there is a
natural decomposition p*E¢ = Fg @ &,,_, where &, _ is a trivial bundle generated
by the sections s1, ..., s,_ restricted on N,,_py1. If k < %n, we have

pien—ik(Ec) = Cnfk(ﬁc) = 0.

Thus, if [, cx(Qe.) A k() # 0, then there do not exist generic sections on
the vector bundle E¢ such that N, _j41 is a closed submanifold of M.

Notice that when dim M = 2n, [, c,(Ec) is the intersection number of s; (M)
with M in TEc, where the orientation on the fibres of F¢ are determined by the

complex structure.

Theorem 3.5. Assuming dim M > 2n, let i: S — M be an embedding which
intersects transversally with Ny, where S is a 2n dimensional oriented submanifold.
Then fs cn(i* Eg) is the intersection number of S with Nj.

Proof. It is easy to see that the section s; of the vector bundle E¢ pulls back
to a section i*s; of the bundle i* E¢z — S. The zeros of the section i*s; correspond
exactly to the points of intersection of S with N;. If p is a point in S N N, we have

T,M = T,N, & v,(N1) = T,N, & T},

where v,(N7) is the normal space of Ny at p. Furthermore, the tangent map of
s1: S — Eg at p is an isomorphism of T},S to the fibre of Ec at p. The tangent
map Si«p: IpS — Eg|p, preserves the orientation if and only if the orientation of
T,S ® T, Ny defined by those of T,,S and T, N is the same as that of T,,M, see the
proof of Theorem 3.3. This completes the proof of the theorem. O
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As pi(E) = (—=1)*coi(E ® C), the Pontrjagin classes are Poincaré duals to some
cycles on the base manifold by Theorem 3.3. For example, let T'M be the tangent
bundle of a 4k-Riemannian manifold. Then there is a decomposition: TM ® C =
Fy, @ &y, and

pe(TM) = (=1)*ca(TM @ €) = (=1)Fear(For) = (=1)"e(Farn).

Hence the Poincaré dual of the Pontrjagin class pi(T'M) is that of the Euler class
(—1)*e(Forr). In what follows we give some further study.

Let 0 = {s1,...,8,} be a set of sections of a real vector bundle E with the
degeneracy set D; = D;(c) defined as in the complex case. We call o generic if the
sections o satisfy the similar conditions. Denote N;11 = D;41 — D;, dim N;1 =

m — n + i, where m = dim M.

Theorem 3.6. Let m: E — M be an oriented Riemannian vector bundle and
o be a set of generic sections defined as above. If N, _oy1 is a closed submanifold
of M, the Poincaré dual of the Pontrjagin class pi(F) can be represented by the
Poincaré dual of the Euler class of the normal bundle v(Ny,_2+1) of Np_2p4+1 in M.
Thus pi(E) = 0 if the bundle v(N,,_or+1) has a nowhere vanishing section or the
cycle D,,_or11 is a boundary.

Proof. Foreachk, we have E|p—p = ng@(ﬁn,%, where &, _o, is generated

n—2k
by the sections si,..., Sor. The bundle sz is oriented and s, _9i+1 is a transversal
section of this bundle. In Proposition 12.7 of [1], Bott and Tu proved that the vector
bundle sz — Np—2k+1 is isomorphic to the normal bundle of N,,_ox41 in M. This
also shows that the submanifold N,, o541 is oriented.

By Proposition 2.4, we have 7*_,, pr(E) = [e(Fax)]2. There is a 2k — 1 form 1,
on V(E,n — 2k + 1) such that ay _,,  e(Qax) = —dng, where Qg is the curvature
matrix of the naturally defined connection on the bundle Fs;. From s1,..., sp—2k+1,
we have a section & of m,_or11: V(E,n—2k+1) — M on M — D,,_op4+1. It is easy

to see that, on M — D,,_2k11,
pr(E) = 5*7:72k+1pk(E) = —dnk A 5*a;72k+1€(F2k)~
On the submanifold N, _ox11, we have

505 _gpy1€(Fok) = (n—aks1 05) e(Fa) = e(Fai) = e(v(Nn s 41))-

730



The rest of the proof is similar to that of Theorem 3.3. Let U,_axrt1(¢) be a
e-neighborhood of D,,_sx11 in M. For any m — 4k form £ on M, we have

| m@m)ne= - i A A 5 g1 €(S2a1) A €
M e—0 M—-Uy, _2r+1(¢€)

= / o _opy16(Qak) A&,
Ny —2k+1

where 7*a o, 1e(Q2) is the Euler form of the vector bundle Fyp — Np—ok41. If
the submanifold N, _sr11 is closed, then ON,,_2x+1 = () and

[ Famne@ng= [ @ung,
Np_2k41 Ny —2k41

where (NZ% is the curvature matrix of the normal bundle v(N,,_2x+1). The theorem
is proved. (I

In Proposition 12.8 of [1], Bott and Tu proved this kind theorem for the Euler
class.

Lemma 3.7. Ifdim M = rank F = 4k, we can choose a set of generic sections
such that N; N D,;_1 = 0 for each i < 2k + 1. Thus N; are closed submanifolds of M
for i < 2k + 1.

Proof. We prove the lemma by induction. Assume we have chosen generic

sections si,..., Sor such that the lemma holds for each ¢ < 2k. Thus the sets IV; are
all closed submanifolds of M and N; N N; = ) for any ¢ # j < 2k. On M — N,
FE can be decomposed as E‘M—U N, = sz @B Es, where Eyy; is generated by si, .. ., Sog.

Let U; be a neighborhood of N; such that N; is a deformation retract of U;. Since
dim N; = ¢ — 1 < 2k, the bundle sz — U; — N; has a nowhere vanishing section.
Thus we can construct a section § on E|y, such that § is nowhere zero on U; — N; and
3|n, = 0. By the partition of unity we have a section § on E such that s1,...,s2x, §
are linearly independent on each U; — N;. With a perturbation of § on M — |JU;,
we can get the desired section so11, cf. [1, p. 123]. O

Corollary 3.8. Let M be an oriented manifold of dimension 4k and N = Naj41
be a closed submanifold defined as in Lemma 3.7 for an oriented vector bundle E of
rank 4k. Then we have

[ m(®) = xto(),
M
where x(v(N)) is the Euler characteristic of the normal bundle v(N).
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Let TM be the tangent bundle of a 4-dimensional oriented manifold. Then
Jos 5p1(M) = ix(v(N)) is the signature of the manifold M. As we know, the
signature of 4-manifold M is a multiple of 8. Furthermore, if M is spin, sig(M) is a
multiple of 16, see for example [8, p. 280]. Thus x(v(N)) is a multiple of 24 or 48
respectively.

References

[1] R. Bott, L. Tu: Differential Forms in Algebraic Topology. Springer GTM 82, 1982.
Zbl 0675.55002
[2] S.S. Chern: A simple intrinsic proof of the Gauss-Bonnet formula for the closed Rie-

mannian manifolds. Ann. Math. 45 (1944), 747-752. Zbl 0060.38103

[3] S.S. Chern: On the curvature integral in a Riemannian manifold. Ann. Math. 46 (1945),
674-648. Zbl 0060.38104

[4] S.S. Chern: Characteristic classes of Riemannian manifolds. Ann. Math. 47 (1946),
85-121. Zbl 0034.25002

[6] S.S. Chern: On curvature and characteristic classes of a Riemannian manifold. Abh.
Math. Sem. Univ. Hamburg 20 (1955), 117-162. Zbl 0066.17003

[6] P. Griffiths, J. Harris: Principles of Algebraic Geometry. Wiley-Interscience, New York,
1978. Zbl 0836.14001

[7] S. Kobayashi, K. Nomizu: Foundations of Differential Geometry, Vol. 2. Interscience
Publishers, New York, 1969. Zbl 0526.53001

[8] H.B. Lawson, H. Michelsohn: Spin Geometry. Princeton University Press, Princeton,
1989. Zbl 0688.57001

[9] V. Mathai, D. Quillen: Superconnections, Thom classes and equivariant differential
forms. Topology 25 (1986), 85-110. Zbl 0592.55015
[10] J. W. Milnor, J.D. Stasheff. Characteristic Classes. Ann. of Math. Studies, No. 76.
Princeton University Press, Princeton, 1974. Zbl 0298.57008

Author’s address: Department of Mathematics, Suzhou University, Suzhou 215006,
P.R. China, e-mail: jwzhou@suda.edu.cn.

732



		webmaster@dml.cz
	2020-07-03T16:07:37+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




