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Article electronically published on October 1, 2002

CHARACTERISTIC CLASSES
AND TRANSFER RELATIONS IN COBORDISM

M. BAKURADZE, M. JIBLADZE, AND V. V. VERSHININ

(Communicated by Paul Goerss)

ABSTRACT. Decompositions of products of the Ray elements by free genera-
tors of small dimensions in the symplectic cobordism ring are obtained. In
particular it is stated that most of the 4n-dimensional generators, for n small,
after multiplication by the Ray elements ¢;, ¢ > 0, land in the ideal generated
by Ray elements of low dimension.

1. INTRODUCTION

Immediately after its first appearence in the papers of J. Milnor [12] and S. P. No-
vikov [14], the symplectic cobordism attracted attention of many homotopy theo-
rists. However, unlike the cobordism theories corresponding to other classical Lie
groups — e.g. nonoriented (O(n)), oriented (SO(n)) and complex (U(n)) — the
structure of its coefficient ring remains largely unknown. In the study of sym-
plectic cobordism various methods have been applied: the classical Adams spectral
sequence [14], the Adams-Novikov spectral sequence [18, 20], the Atiyah-Hirzebruch
spectral sequence [16], the use of characteristic classes and generalizations of for-
mal groups [15, 5], and cobordism with singularities [19]. In this paper we apply
the transfer maps to the study of the symplectic cobordism ring. Transfers first
appeared in group theory at the beginning of the twentieth century in the works of
I. Schur, as natural maps from the abelianization of a group to abelianizations of
its subgroups, and then were generalized to other homologies and cohomologies of
groups (see, e.g. [4]). In the work of J. C. Becker and P. H. Gottlieb [2], transfer
maps were constructed as morphisms in the stable category and since then have
been widely used in homotopy theory.

Since the work of S. P. Novikov [14] it is known that rationally the symplectic
cobordism ring MSp, is isomorphic to the polynomial ring on an infinite number
of generators which appear in dimensions 4n for all natural n. In the torsion part
the key role is played by the family of elements ¢; € MSpg, 5 of order 2 defined by
Nigel Ray [15].
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Most of the relations between the Ray elements ¢; and free generators in the
torsion part of the symplectic cobordism ring up to dimension 32 [18, 19] can be
conventionally subdivided into three types: to the first type correspond relations
which mainly follow from relations in the integral part coming from MSp,,. In
more detail, relations of the first type have form (z + y)@; = 0, and these relations
follow from the fact that the sum of free generators x + y is divisible by 2, whereas
the Ray elements are of order 2. Relations of the second type have form z¢; = 0
where z is again a 4n-dimensional generator from the free part. The aim of the
present paper is to elucidate origins of relations of the third type mentioned in the
abstract above.

Let ¢ denote the universal Sp(1)-bundle. Then (; ®c (2 ®c (3 is a symplectic
bundle over BSp(1) x BSp(1) x BSp(1). Also ¢; ®c (? and {; ®g (2 are symplectic
bundles over BSp(1) x BSp(1).

Section 2 is devoted to the calculation of transfers [1, 6, 2, 11]. In Section 3 we
prove the following main result:

Theorem 1.1. Let z; = pi1({;), © = 1,2, be the first Conner-Floyd symplectic
Pontyagin class. Let ¢;, j = 0, be the Ray elements, and let n be such that MSpy,,
1s torsion free for m < 2n — 1. Then:

a) the element ¢;p1(C1 ®c (2) is divisible by ¢oz1 + 122 + ... + ¢[n/2]$f[n/2] ;
b) ¢;p1(C1 ®r(2) =0
in the ring MSp*(HP(n)?) = MSp*[z, z2]/(z] ).

In Section 4 we will see that in terms of the coefficients ay;, of the first Conner-
Floyd symplectic Pontryagin class

(G 8:® G)= Y. aumpf(C)pi(C)PT(Cs),

k+l4+m2>1

the structure of MSpyy, k < 4, can be interpreted as follows:

k MSpyy, generators

1 Z ao11

2 Z+Z ap12, 4111

3 Z+Z+7Z ap22, 401104111, G211

4| Z+Z+Z+Z+Z| aoa, ao116211, G122, G111, 2Ya

Then Theorem 1.1 implies

Corollary 1.2. Fori > 0 one has:

a) @iago1 = PiGo12 = PiGoz2 = Piao14 = 0;
b) ¢ia111 and ¢;a1z0 belong to the ideal ¢poMSp*;
¢) ¢saz11 belongs to the ideal poMSp* + ¢1 MSp*.

Relations of Corollary 1.2 imply that multiplication by the elements ¢;, ¢ > 0,
carries most of the low-dimensional generators from the free part of MSp,,, to the
ideal generated by the elements ¢y and ¢;.
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2. PRELIMINARIES AND CALCULATIONS WITH TRANSFER

Let £ and A be, respectively, the universal U(1)-bundle and the universal Spin(3)-
bundle. Thus the sphere bundle of A is 7 : BU(1) — BSp(1), and one has

(2.1) () =¢+¢,
(2.2) m(A) =€ +R,
(2.3) (®C=A+R,

where ( is the universal Sp(1)-bundle as above. Let N denote the normalizer of the
torus U(1) in Sp(1). The classifying space BN coincides with the orbit space of the
complex projective space CP(c0) under the free involution I, which acts via

I: [Zo, 21, ] — [—21, 20, ]

in homogeneous coordinates.
The bundle p : BN — BSp(1) coincides with the projective bundle of A and one
has the canonical splitting

(24) p*(A)=p+v,

defined by projectivisation p, where y and v denote real plane and line bundles,
respectively. Of course for the double covering g : BU(1) — BN one has ¢*(u) = ¢2
and ¢*(v) =R.

Let 7, and 7, be the transfer maps of the bundles = and p [2, 6, 11]. The next
lemma follows from [7].

Lemma 2.1. 7*7f =14 1I* and 77*7; = q*.
The next lemma follows from the definitions.

Lemma 2.2. (£,63+61€2)1 = (&1+&1) ®r p, where ()’ denotes the Atiyah transfer
for the double covering 1py(1) X q.

Consider the map f : BN — BZ/2 induced by the projection of N onto the
Weyl group Z/2 and let 77, be the transfer homomorphism for the above double
covering 1py(1) X g.

Lemma 2.3. For some elements o; € ]\/fS/p* (BZ/2) the following formula holds:
TeaPEG +EE) =pi(@+ &) 8w + Y (@p(E +E) @),
20

Proof. Taking into account Lemma 2.2 the proof follows from the following formula
[17]: let ¢ be the double covering q : X — B, let n — X be the symplectic line
bundle, i — B the Atiyah transfer bundle, 7, the transfer map of the covering ¢
and f: X — BZ/2 the classifying map of the real line bundle associated with q.

Then for some elements «; from ]\/([\SB*(BZ/ 2) the following formula holds:
75 (1(m) = pr(m) + ) f*(ci)ph(m)-
>0
g

Lemma 2.4. Let 7 be the transfer of the sphere bundle of a Spin(3)-bundle. Then
¢;jIm7*=0,5>0.
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Proof. Of course it suffices to prove this for the universal Spin(3)-bundle A, that
is, ¢;75(a) =0 for all a € MSp*(BU(1)).
Let 6, be the Boardman map [3]. Then as it is known from [2],
7x(a) = 6x(ae(£3)).
Here e(£2) is the Euler class of the bundle £2 which is the bundle of tangents along
the fibers. Then from [13, 8], ¢;e(£2) = 0. This proves Lemma 2.4. O

Recall from [13, 8, 9] that the bundle A is MSp-orientable and the corresponding
Euler class has the form

(2.5) e(A) = dop1(O) + 3 697 (¢

721

The restrictions of 7 and p to the symplectic projective space HP(n) will be
denoted by the same symbols. Total spaces of these bundles coincide, respectively,
with the complex projective space CP(2n+1) and with the orbit space CP(2n+1)/I
under the free involution I which acts via

[20, Z1y eeey R2ny 22n+1] (g [_21» 203 sy _22n+1» Z21'1']
in homogeneous coordinates.
Proposition 2.5. ¢;77,1(p:(r§ ®r(¢)) = 0 for m x 1 = 7 x 1ggp(1y : BU(1) x
BSp(1) — BSp(1)%,j >0, and i = 1,2.
Proof. Tn MSp*(BU(1) x BSp(1)) = MSp*(BU(1))[p1(¢)] one has pi(ré @ C) =
> k>0 w,(;) p¥(¢). Then it follows from Lemma 2.4 that
(O wdE ) =Y g wpk() = 0.

k>0 k>0

3. PROOF OF THEOREM 1.1

The bundle 7 x 1 : CP(2n + 1) x HP(n) — HP(n) x HP(n) coincides with the
sphere bundle of the pullback of A — HP(n) along the projection on the first factor
HP(n) x HP(n) — HP(n). So taking into account the formula (2.5) we have to
prove that

(m X lupen))* (5p1(C1 %C%)) =0

in MSp*(CP(2n+1) xHP(n)). The transfer 7* = 77, . of the bundle 1¢cp(zn41) X7
is a composite of two transfers, namely

=i ()

where 71 is the transfer of the bundle lcpan41) X ¢ and 72 is the transfer of
1cp(2n+1) X P, where the bundles p, ™ and g are the bundles defined above; that is,

1xg:CP(2n+1)xCP(2n+1) —» CP(2n+1) x CP(2n+ 1)/1,
1xp:CP(2n+1) x CP(2n+1)/I — CP(2n+ 1) x HP(n).
Using (2.2) one obtains (& + &1) ®c (2 = (&1 + &) ®r(A + R), hence
(3.1) pi((&+ &) %Cz) =p1((&+ &) ®A) +pi(& +&).
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Applying Lemma 2.2 and Lemma 2.3 one obtains
168+ 6B) =6 +E)@n) + 3 1 (@p(E + &) @),

i>0

Then by (2.4)
P+ &)@ = (Lx P PE +E) @A) - p(6 +6) @v),

hence
™ (p1(&185 + &83))
=75 (p1((&1 + &) %,u))
+ 72*(2 F(ea)ph((61 + &) %M))
>0
(52) — 72 ((1 % p)* (pr (€1 + &) ®N) = 75 (Pr((E + &) @)

+ 7'2*(2 FHaa)ps((6+ &) ® 1))

i>0

=pi((& +&) ®M)75(1) — 3 (P& + &) ®v))

+ 733 (ea)pa((E+E) @ p).

i>0

Now we have to prove that 75 (1) = 1, the second summand in (3.2) coincides
with z; = p1 (€1 + £1), and the third summand is zero.

Note that the bundle (£14£;) ®g v is the pullback of the bundle ¢ ® n — BSp(1)x
BZ/2 along the map (7, f). Thus p;(¢ ® n) is an element from MSp*(BZ/2)[p1(¢)],
hence

pi(¢®n) =pi(¢) + Y Bipi(Q)

>0
for some elements f3; € ]\//I\é;)*(BZ/ 2). This implies
pi((&+&)@v) =pi(&+ &)+ (B)pi (& +&)-
>0

Similarly the bundle (& + &) ®g p is the pullback of the bundle ¢ ® n(2) —
BSp(1) x BO(2), where 7n(2) — BO(2) is the universal O(2)-bundle. Hence

p2((&1 + &) ®u) € MSp™(BN)[p1 (&1 + &)l
and for the third summand of (3.2) one has

D o Fre)ph(G+&)@p) =Y i +&)
>0 R i>0
for some ; € ]\//I\SY)*(BN).
So using (3.1) one has

n

(3.3) T*(p1(6283 + &183)) = m((61 + &) %42)75(1) —zi(m3 (1) + 1) + ) 713 (6:)a
=0

for some 4; € A?S/p*((CP(2n +1)/1).
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It is known from [18, 19] that up to dimension 32, MSp,,, is torsion free. Moti-
vated by this fact let us assume that MSp,,, is torsion free when m < 2n — 1. Then
it follows that MSp** (HP(n)) is torsion free when k > 1 —n. Then since the mini-
mal dimension of the elements §; from (3.3) is 4—4n, it follows from Lemma 2.1 that
the third summand of (3.3) restricts to zero in MSp*(HP(n)). Also 7*(p)(1) =1
and 7*(m)(1) = 2.

Thus one obtains from (3.3) and then Lemma 2.4

(& +8) ) = 57 (m(G& +6&7) =0.

This proves Theorem 1.1a).
For the proof of b) note that it follows from Lemma 2.1 that for the bundle 7 x 1
=7 X ]-]HlP(n)) one has

(mx 1)* 1751 (p1(réa ®C2)) =1+ 1)*(p((&+ &) %’42))
=2p1((&2+61) %Cz) = (r x 1)*p1((C %Cz))-

Then by (2.5) any element from ker(1 x 7)* is divisible by e¢(A). On the other hand
by hypothesis MSp**(HP(n)) is torsion free for k > 1—n. Hence one concludes that
restriction of the homomorphism (7 x 1)* to MSp*(HP(n)?) is a monomorphism,
thus in MSp*(HP(n)?) one has

p1(G1 ® G2) = T (p1(r&a ® (2))-

Now since Proposition 2.5 says that the right-hand side is zero after multiplication
by ¢;, this completes the proof of Theorem 1.1.

4. PrROOF OF COROLLARY 1.2

Let h : m.(MSp) — H,.(MSp) = Z[q1, g2, ---] be the Hurevicz homomorphism.
Since 74, (MSp) is torsion free for small n (see [16, 18, 19]), the Hurevicz homo-
morphism is a monomorphism in these dimensions. So in low dimensions 4n the
Hurevicz homomorhism determines all relations. Our aim here is to express the
coefficients ag;,, from the Introduction through the generators z-es.

Values of the Hurevicz homomorphism on these aki, are calculated in [10]. In
low dimensions one has

h(a100) = h(ao10) = h(ago1) = 4,

h(az200) = h(ao20) = h(ago2) =0,

h(a110) = h(ai01) = h(ao11) = 244,

h(a111) = 360qg2,

h(az10) = ... = h(ao12) = 60qz — 243,

h(aso0) = ... = h(age3) =0,

h(azz0) = ... = h(ao22) = 280g3 — 120q1q2 + 2443,

h(asio) = ... = h(ao1s) = 112q3 — 96q1g2 + 4845,

h(a211) = ... = h(a112) = 1680g3 — 360142,

h(a122) = ... = h(a122) = 756004 — 3360q1 43 + 360¢7 g2,

h(as10) = ... = h(a140) = 180g4 — 360g1 g3 + 4207 g2 — 1205 — 120g;.
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Further, the Hurevicz images of generators of M Sp are calculated in [16]. Namely,
h(MSpy;,) C Hyr(MSp) has the following generators:

k=1: 24q,

k=2: 20g; — 8¢%, 144¢?,

k=3: 56g3 — 72q1q2 + 24¢>, 120q1q2 — 48¢3, 345643,

k=4: 1294 — 24q1q3 — 85 + 28¢7q2 — 841, 5043 + 1684143 — 2564742 + 80g{,

100¢2 — 80¢2q2 + 164}, 2880¢3q, — 1152¢%, 2073647

Thus one concludes that the elements agi1,a111,@022,0122, 8112, 3120, G140 are
generators as in the Introduction.
Remark 1. In terms of 2z;, the generators of MSp,, from [16], one has modulo
2MSp,: 2x1; = ag11, 2T = Gg12, 2T3 = Gg22, T4 = Ao14, T2 = G111, etc.

Remark 2. Alternatively, images of the elements a;;; in complex cobordism MU,
can be calculated in terms of two-valued formal groups:

p (p1(C1 %Cz%(s)) =01(z1,Y") +O1(x1,Y7),

where Y + Y™ =04 (x2,23), YTY ™ = O2(z2,23); ©1 and O, are the coefficients
of the two-valued formal group [5] and p* is the obvious map from the symplectic
cobordism theory to the complex cobordism theory.

Let us now consider Corollary 1.2. From Theorem 1.1a), in M Sp*(HP(4) xHP(4)
one has a relation of the form

2 2 4 2,2 4
¢j(a011z2 + a1112123 + @p22%5 + G211T125 + G122T125 + )

= (goz1+ Y oixi)b(z1,72)
1<i<n
for some element b(x1,z2) € MSp*(HP(n)?). Then by the equality of the coeffi-
cients at the monomials z;x2, zx3 and x,z4 one obtains assertions b) and c) of
Corollary 1.2.

Similarly from Proposition 2.5 one has
2 2 2.2 4
@j(a110%3 + a120%125 + A220%7T5 + G140Z1L5 + ...) =0,

and hence assertion a) of Corollary 1.2 is valid.

Proposition 4.1. In dimension 32 there is an element y2 such that ¢2y2 does not
belong to the ideal generated by ¢o and ¢1. Moreover ¢oiy? does not belong to the
ideal generated by ¢g, ¢1, ... , Pgi-1, 1 = 1.

Proof. It follows from the calculations of the symplectic cobordism ring made in
18, 19). o

REFERENCES

[1] M. F. Atiyah, Characters and cohomology of finite groups, Publ. Math. of the LH.E.S., 9
(1961) 23-64 MR 26:6228

[2] J. C. Becker, P. H. Gottlieb, The transfer map and fibre bundles, Topology, 14 (1975) 1-15

[3] J. M. Boardman, Stable homotopy theory (mimeographed), University of Warwick (1966)

[4] K. Brown, Cohomology of groups. Graduate Texts in Mathematics, 87. Springer-Verlag, New
York-Berlin, 1982. 306 pp. MR 83k:20002

This content downloaded from 132.174.254.155 on Tue, 20 Oct 2015 17:46:42 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

1942 M. BAKURADZE, M. JIBLADZE, AND V. V. VERSHININ

[5] V. M. Buchstaber, Characteristic classes in cobordisms and topological applications of theo-
ries of one and two valued formal groups, Itogi nauki i tekniki, 10 (1977) 5-178
[6] A. Dold, The fixed point transfer of fibre preserving maps, Math. Z., 148 (1976) 215-244
MR 55:6416
[7] M. Feshbach, The transfer and compact Lie groups, Trans. Amer. Math. Soc. (1979, July),
251, 139-169 MR 80k:55049
[8] V. G. Gorbunov, Symplectic cobordism of projective spaces, Math. Sbornik, 181 (1990)
506-520 MR 91i:55006
[9] V. Gorbunov, N. Ray, Orientations of Spin bundles and symplectic cobordism. Publ. Res.
Inst. Math. Sci., 28 (1992), no. 1, 39-55 MR 93e:55008
[10] M. Imaoka, Symplectic Pontrjagin numbers and homotopy groups of MSp(n). Hiroshima
Math. J., 12 (1982) no. 1, 151-181 MR 83e:57026
[11] D. S. Kahn, S. B. Priddy, Applications of the transfer to stable homotopy theory, Bull. Amer.
Math. Soc., 78 (1972) 981-987 MR 46:8220
[12] J. Milnor, On the cobordism ring Q* and a complex analogue. I. Amer. J. Math., 82 (1960)
505-521 MR 22:9975
[13] R. Nadiradze, Characteristic classes in SC* theory and their applications, I. Baku Intern.
Top. Conf. Abstracts (1987), 213; II. Preprint, Tbilisi Razmadze Math. Inst. (1991), 1-11;
III. Preprint, Heidelberg, 58 (1993) 1-21
[14] S. P. Novikov, Homotopy properties of Thom complexes. Mat. Sb. (N.S.), 57 (99) (1962)
407-442. (Russian) MR 28:615
[15] N. Ray, Indecomposables in TorsMSp,, Topology, 10 (1971) 261-270 MR 45:9342
[16] N. Ray, The symplectic bordism ring, Proc. Camb. Phil. Soc., 71 (1972) 271-282 MR
44:7567b
[17] F. W. Roush, On some torsion classes in symplectic bordism, Preprint.
[18] V. V. Vershinin, Computation of the symplectic cobordism ring in dimensions less than 32
and the non-triviality of the majority of the triple products of Ray’s elements, Sibirsk. Math.
Zh., 24 (1983) 50-63
[19] V. V. Vershinin, Cobordisms and spectral sequences. Translations of Mathematical Mono-
graphs, 130. AMS, Providence, RI, 1993. MR 94j:55006
[20] V. V. Vershinin, A. L. Anisimov, A series of elements of order 4 in the symplectic cobordism
ring. Canad. Math. Bull., 38 (1995), no. 3, 373-381 MR 96i:55011

RAZMADZE MATHEMATICAL INSTITUTE, TBILISI 380093, REPUBLIC OF GEORGIA
E-mail address: maxoQrmi.acnet.ge

RAZMADZE MATHEMATICAL INSTITUTE, TBILISI 380093, REPUBLIC OF GEORGIA
E-mail address: jib@rmi.acnet.ge

DEPARTEMENT DES SCIENCES MATHEMATIQUES, CNRS, UMR 5030 (GTA), UNIVERSITE MONT-
PELLIER 11, PLACE EUGENE BATAILLON, 34095 MONTPELLIER CEDEX 5, FRANCE — AND — INSTITUTE
OF MATHEMATICS, NOVOSIBIRSK 630090, RUSSIAN FEDERATION

E-mail address: vershiniQdarboux.math.univ-montp2.fr

E-mail address: versh@math.nsc.ru

This content downloaded from 132.174.254.155 on Tue, 20 Oct 2015 17:46:42 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 1935
	p. 1936
	p. 1937
	p. 1938
	p. 1939
	p. 1940
	p. 1941
	p. 1942

	Issue Table of Contents
	Proceedings of the American Mathematical Society, Vol. 131, No. 6 (Jun., 2003) pp. 1649-1975
	Front Matter
	Bicyclic Units of ZS<sub>n</sub> [pp. 1649-1653]
	Automorphisms of the Endomorphism Semigroup of a Free Monoid or a Free Semigroup [pp. 1655-1660]
	Multi-Dimensional Versions of a Theorem of Fine and Wilf and a Formula of Sylvester [pp. 1661-1671]
	Nonvanishing of Fourier Coefficients of Modular Forms [pp. 1673-1680]
	A Product Decomposition of Infinite Symmetric Groups [pp. 1681-1685]
	André-Quillen Homology via Functor Homology
[pp. 1687-1694]
	Rational versus Real Cohomology Algebras of Low-Dimensional Toric Varieties [pp. 1695-1704]
	On the Greatest Prime Factor of (ab+1)(ac+1) [pp. 1705-1709]
	An Algebraic Property of Joinings [pp. 1711-1716]
	Leafwise Holomorphic Functions [pp. 1717-1725]
	Stability and Convergence of Discrete Kinetic Approximations to an Initial-Boundary Value Problem for Conservation Laws [pp. 1727-1737]
	Convergence Rates of Cascade Algorithms [pp. 1739-1749]
	Existence of Gibbs Measures for Countable Markov Shifts [pp. 1751-1758]
	Hypercyclic Operators on Non-Locally Convex Spaces [pp. 1759-1761]
	A Weak-Type Orthogonality Principle [pp. 1763-1769]
	Mass Points of Measures on the Unit Circle and Reflection Coefficients [pp. 1771-1776]
	On Beurling-Type Theorems in Weighted l<sup>2</sup> and Bergman Spaces [pp. 1777-1787]
	Similarity to an Isometry of a Composition Operator [pp. 1789-1791]
	On the Spectral Picture of an Irreducible Subnormal Operator II [pp. 1793-1801]
	On Sampling Theory Associated with the Resolvents of Singular Sturm-Liouville Problems [pp. 1803-1812]
	Rescalings of Free Products of II<sub>1</sub>-Factors [pp. 1813-1816]
	The Product of a Nonsymmetric Jack Polynomial with a Linear Function [pp. 1817-1827]
	p-Rider Sets Are q-Sidon Sets [pp. 1829-1838]
	Asymptotic Limit for Condensate Solutions in the Abelian Chern-Simons Higgs Model [pp. 1839-1845]
	Global Existence for the Critical Generalized KdV Equation [pp. 1847-1855]
	A Global Compactness Result for Singular Elliptic Problems Involving Critical Sobolev Exponent [pp. 1857-1866]
	Local Automorphisms of Operator Algebras on Banach Spaces [pp. 1867-1874]
	<tex-math>$\cos \pi \lambda $</tex-math> Again [pp. 1875-1880]
	Invariant Complementation and Projectivity in the Fourier Algebra [pp. 1881-1890]
	Some Remarks on Liouville Type Results for Quasilinear Elliptic Equations [pp. 1891-1899]
	Random Menshov Spectra [pp. 1901-1906]
	A Tall Space with a Small Bottom [pp. 1907-1916]
	Approximating Spectral Invariants of Harper Operators on Graphs II [pp. 1917-1923]
	Volume Preserving Embeddings of Open Subsets of R<sup>n</sup> into Manifolds [pp. 1925-1929]
	Means on Solenoids [pp. 1931-1933]
	Characteristic Classes and Transfer Relations in Cobordism [pp. 1935-1942]
	A Cocycle Formula for the Quaternionic Discrete Series [pp. 1943-1951]
	Deformations of Minimal Lagrangian Submanifolds with Boundary [pp. 1953-1964]
	A Function Space C<sub>p</sub>(X) without a Condensation onto a σ -Compact Space [pp. 1965-1969]
	Two F<sub>σ δ</sub> Ideals [pp. 1971-1975]
	Back Matter



