
•

MATHEMATISCHES FORSCHUNGSINSTITUT QBERWQLFACH,

Tag u n g s b e- r ich t ~9/1984-

Topologie

12.8. bis 18.8.1984

Die Tagung -fand unter der Leitung der' Herren D. Puppe (Heidel­

berg) J A. Ranicki (Edinburgh) und L.- Siebenm-ann (Orsay) statt.

Behandelt wurden verschiedene klassische Gegenstände der

algebraischen Topologie,·u.a. stabile Homotopietheor~e~':

Poincar.€!komplex~, Transformationsgruppen, .Raumformen und

geometrische Darstellungen von Gruppen, Klassifikation von'

Singularitäten, Ge~talttheorie, Konstruktion von Kettenmodellen,_

Kontaktformen, und Topologie in' den Dimensionen 2,3,'und.4.

Letzterer galt besonderes Interesse: In der Hälfte ~ller Vorträge

wurden Fragen 'aus diesem'Spezialgebie~,behandelt. Dabe~' standen

insbesondere ge~metrische Untersuchungen ~m !orde~grund, ,etwa

über die Geometrie von Knoten und Verkettungen~ über,die.Be-'

ziehungen zwischen diskreten Gruppen ~d .Geometrie, und ~er

Hyperbolisationssatz von Thurston'. Dies spiegel t die großen

Fortschritte wider, die hierbei in den letzten Jahren erzielt

worden sind.
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Vortragsauszüge

A.H. ASSADI:
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Concordance of finite group actions on Sn

Let Cn be the abelian group of concordance classes of semifree

smooth G-actions on Sn with tangential representation ~ such

that dim~ - dimSG > 2. Let C~~ be the almost linear concor­

dance classes of almost linear smooth actions on Sn (almost line~

means (Sn, (Sn)G) is diffeomorphic to '(Sn,Sk) ). Let Sk(O) be

the mO_d -4 h- cobordism classes of mod q k- spheres wi th ~­

structure on their normal b~ndle and with vanishing Swan in-
f'J

variant in" KO< ZlG), where q = IGI 0

Theorem. There exists a homomorphism ~ such that the sequence

CAL
n-1

is exact o

Corollary. If two such actions on Sn have diffeomorphic fixed

point sets, -then they are G- homeomorphic.

Corollaryo An action <p: G)( Sn -+ Sn is G- homeomorphic to a

smooth G- action '0/: G lC Sn ~ Sn which bounds a smooth G- ~

action on nn+1 if and only if FiX(f) bounds a mod q homology

sphere with zero Swan invariant.

EVA BAYER- FLUCKIGER:

Doubly sliced knots

This is areport on joint work with Neal W. Stoltzfus o

A knot Kn
C. Sn+2 is said to be doubly sliced if there exists

a trivial (n+1)-knot Lh +1C Sn+3 such that Ln+1n Sn+2 = Kn
0
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,~ This notion i5 due to Sumners. A basic problem eoneerning this

notion is whether stably doubly slieed knots are doubly slieed.

(A knot Kn 1s said to be stably 40ubly slieed if there exists

_:~ do~bly slieed n- knot such that the connected sum of this knot

_ ..with. Kz:1 .i5 doub.ly sliced ~) We prC?ve the. following.

'·Theorem. Let· K be a simple (2q~1)- knot, -q ~ 2, such that .the

knot 'module ',af K is arinihilated by a square":'"' fre~ polynomial.e If X··; is .stably doubly sliced, .then K is doubly sliced.

; ...~:. :

F ." BONAHON:

'Ends af hyperbolic 3- manifolds

We study the geometrie behaviour of the ends of hyperbolie

3-manifolds with finitely generated fundamental group~ The~

. -, \. "·simplest· öf these' manifolds are the 50- called. ge6metrically

-':' '·fini~·eones~ which are quotients of the hyperbolic 3-space JH3 by

~g-discrete~~roup of· isometries a~mitting:a finite ~olyhedron as

fundamental domai.r.l. -·To study limits .of these' geometrically finite

'manifoids, Thurston introduced the notion of a "geometrically

·~tame:hy~erbölic 3- manifold", ~roved that such manifolds .enjoy

many interesting properties, and conjectured that any hyperbolic

3-mani~old ~ith .finitely generated fundam~ntal ~roup is g~o-

~me:~r.tca~~y ~tame~' We prove this conjectu~e .under., the., hypoth~.sis

that the fundamental group is inde~ompos~ble as a ~r~e prod~ct.

As a corollary, this ... ?roves the 50- ~alled n Ahlfors conjecture"

on measures of limit sets for indecomposable Kleinian groups, and.. . . .. . ~ ~ ~

provides a different approac~ to the proof of Thurston's hyper--

bolisation theorem.
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R. FENN:
-..

Homotopy lin~ing of two spheres in 4-space

In the homotopy theory cf links components are allcwed to pass

through themselves in a homotopy but not through'different com­

ponents. In this talk it was shown that for various qases two

2-spheres in R 4 are homotopy trivial if ·one of them is em­

bedded, e.g. a spun knot, and the question.was asked if thi~ is 4It
always true. An example was given of two 2-spheres each with one

transverse self intersection which is homotopically non trivial.

I. HAMBLETON:

Local surgery and space forms

Let 1r = zzlm 4(1 be a metacyclic group with m odd, ~ = ZZl2
k

and ker (t: ~ ~ (7Z/m)") I: 1. Then 1r has a free linear re­

presentation . V .. with dim V = 2q = 21
+

1 and k- invariant for

N = .S.(V)~ , geN) 6 H
2 q(?[iZZ). If (r, \1rI) = 1 then rg(N) is

the first k- invariant (defining the homotopy type) cf a free

'simplicial action of ~ on S2q-1. We ,study when such actions

can be smoothed.·

2qLet 21T1 ~ 6 and r:; 1 mod 4. Assume /ker t 1-.
S2q-1end -1 & Im t . Then 1t' acts freely on wi th k-invariant

21
rg(N) if" and only if r E; ( ZZ/rn)" •

Theorem 1.

Theorem 2. Let 1r Q(4m) be a quaternionic group of the above

type (k = 2, 1 =1) • Then if ?r acts freely on 8 4s - 1 for any'

s ~ 1, the action is homotopically linear.

From the first result many non- linear homotopy types of smooth
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actions occur. The second is an essential step.~n studying the

existence of free actions cf general periodic groups on spheres.

J. HOWIE:

Eguations over groups'and singular 'surfaces in 3-manifolds

The following is a weIl known conjecture in group theory.

Conjecture 1. Let ~ be a system cf n equations in n unknowns

over a group G whose exponent-sum matrix is nonsin~l~r•. T~~n ~

has a solution in some overgroup cf.G.

Let a O'. ~. ,an E G' such that aO••• ant:. [G,G]. Then there -exist

x 1 ' • • • , x n ' y1 ' • • ~ 'Yk ,.z1 ' • • • , zk e G such that

a0(x11a1x1)••• (x~1a~Xn)[Y1'Z1]".[Yk'Zk]=1. The least-integer

k for whichsuch an expre.ssion holds is calledgeflusb (aO~' •. ; • ,an).

Conjecture· 2 ~ Let· S c F b~ fr~e groups such that - Sab·~ Fab is

an isomorphism. '-Then genuss (ao' •.• ,a~) ~ gen~sF(8 0 ~" ••• ~anf' f~r all

a O' • • • , a~ E. S with a O••• an f. [s', S] • - - .

Stallings proved that Conjecture 2 implies Conjecture 1, and is

in turn implied by a geometrie Conjecture. Let M3c N3 be a tarne

embedding cf 3-manifolds such that H2(N ,M) = o. ;L~~ .. ~;,~ ~ ,N be

a smooth immersion of a compact orienta~le su~face Sinto N,

with f(aS) c M. Then there. is a comp?G~.; o~i~n:t<;iQ:j.e..~llrfg.Ge> T,

a homeomorp~i5m h:'~T ~ '3 S, and a smooth immersiqn. ~ g: ~. i? M

such that .gIßT·~ (f/SS)oh •.

Conjecture 3. .. The'" surface T may be chosen \vi th genus T .~~' genus S •

We show that Conjectures 2 and' 3 -are equivalent. ,',
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J. HUEBSCHMANN:

Perturbation theory end small models for the chains of certain

spaces

E f ~ E
Given a fibre square ~ ~~', unde~ suitable strang hypotheses

X-!":'B_

a model for the singular chains of Ef can be constructed which

only involves H*X, H~B , H*E, H*f, H*1C, and as an additional in­

gredient .a ntwisting cochain" H*B --+ H*.stB which is essentiallY •

the transgression in the Serre spectral sequence cf the path

fibration ·cf B. Away from the prime 2, the obvious diagonal map

on this model yields a correct diagonal map in the, sense that in

homology and cohomology the correct map is induc~d. Anapplication

of this is the determination cf the cohomology rings. of almost all

homogeneous spaces cf compact connected Lie groups away fram the

prime 2. Even without the invertibility hypothesis of 2 t a complete

description of the cohomology ring of GL n < F q ) can be given away

from the characteristic of F q ; the descriptibn is in terms of a

model of the above kind, with a diagonal ~rising from the obvious

one by a suitable perturbation.

M. KERVAIRE:

Jones' invariant ef oriented links

This was a purely algebraic exposition cf the recent definition

by V.' Jenes of an invariant of isotopy classes cf oriented links.

It was shpwn that the invariant is a Laurent pelynomia~

. 1JVL(t) ~ ~[t,t- if L has an 9dd number of components, and

VL(t) E:. {f 7l [t,t-1] if this "number is even.

Some examples were discussed.
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· N.H. KUIPER:

On the total curvature of a knotted torus

An embedded torus T in eu~lidean 3-space R 3 divides the one

point compactification 8 3 = JR3 \J GD into two parts, one of which

(Alexander) is a standard solid to~us 0 Let t (00 4 t) be a .

core- cu:rve of tha,t solid torus, with bridge number ~( f) ..

Theorem (joint work with W.H. Meeks III). If ·-T is knotted, then

the infimum of the total absolute curvature 1: (T' ) for -T' 150­

topic to -T is 4B(1)' and this infimum is never a~tained. Thus

-r (T)'= f IKdft' ) 4B( '1') • ,
def ~ 0

This, generalises a theorem of Fen~hel-Fary-Fox-Milnorfor knots.

P. LÖFFLER:

Th~ simplicity of same Foincar~ complexes

When one tries to construct non-triv'ial cyclic group a'ctions on

simply connected manifolds by using rational' homotopy·thebry one

ha's to de.al with the following si'tuation: Suppose f: X ~ Mn,

is a map where

a) X is an n-dimensional PD-space with a free ~/k- action;

b) Mn is a 1-connected manifold with a free ~/k- action;

c) f respects the ?l/k- aC,tions;

d) the ~roups H*f are finite of order prime to k·,

e) ZZ/k aets 1/k- :trivially on X' and M.

In this ease we have the following:

Proposition (J •.Davis, P. Löf.fler). The space. X· may be.taken

as a simple PD- space (whenee X has the homotopy type cf a

manifcld if n ~ 5).

L ~
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s. MARDESIC:

Strong shane and Steenrod-Sitnikov homology

Let X (X~ and r = (Yr-) be inverse systems cf spaces over

directed sets A and M respectively. A coherent map ~ ~ r
"consists of an increasing fUnction rr:M ~ A and of maps

t!.n IL Xtp(l'n) -") Y/40 • rO ~ ~ P-n ' satisfying suitable com-

patibility relations. Inverse systems and classes of coherently

homotopic coherent maps form the coherent prohomotopy category'

CPHTop. A morphism p:X ~ ~ . of pro-Top of aspace X into an

ANR- system is called aresolution provided every map f:X ~ P,

P E ANR, factors approximately through ~ and any two sufficiently

near factorisations are arbitrarily elose. The strong shape cate-

gory SSh has spaces as objects and the morphisms X ~ Y are

g"iven by ANR- resolutions X ~ !.' y ~ rand by a morph.ism

! ~r of CPHTop. The Steenrod homology HP is a functor on

SSh a~d satisfies all the Eilenberg- Steenrod axioms. The groups

Hp(X) are defined as homology groups ef a certain chain cemplex

C(!). This research is joint work with JuoT. Lisica.

R.C. PENNER:

Teichmüller spaces cf punctured surfaces

Let T~ be the Teichmüller space ef the genus g surface with s

punctures. The overall goal is to recegnise the classical pic­

tures of T4 and T1 (as tesselated Poincare dises) as specialo 1

c'ases of a general phenomenon in the Teichmüller theory of
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punctured surfaces.

Theorem. There' is a modular-group-inva~ian~ .cel~ ·.de.comp?-~ttion

of Tg s ~ 4.

In this result the restrietion g=O is not believed to be necessary.

The proof involves a convex hull .construction in Minkowski·i.. space

and relies on a new coordinatisation cf T: (on which the modular

... group acts real algebraically). Each cell in the dec~mposition

has a natural complex. structure which is hopefully com~at~~~e

with the global cemplex structure on TS
•. g

This.is joint werk with D.B.A•.Epstein.

v. PUPPE:

On the torus rank cf ce~tairr spaces

tJsing a -"cochain' complex" version of the 'Iocalis'ation 'tliE~or'em

for singular equivariant eohomolegy i t' is shöwn th-at 'the to'I'us

rank(i.e. the maximal dimension of these tori ·that act almost

freely) of a "resonable"space X with %even(X) e CD. ~ 0 . is"

bounded by the dimension of the centre Qf th~ ~a~~en~~ _~omotopy
.... '" ...

Lie algebra ~*(X) • me This generalises a result of S.

Halperin' s (the ease where the een~re is zero). Moreov'er, -the

f:lZ./p)- version of the Iocalisation theorem can' be :apPlied,,"to

give a simple and unified proof of results of G. Carlsson and

W. Browder coneerning free p- torus actiens" 6n. pr~du~t~ -~f

spheres. This is joint work with C. Allday.

. "-' .. __ .. _- .. _.-.- _.--. -···--·-·----·---1                                   
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P.B. SHALEN:

Dehn surgery and 3- maniIclds with"cyclic fundamental group

Let M be a compact, irreducible, orientable 3-manifold whose

boundary is a torus. A simple closed curve p. c aM. is called a

t'

.. weak. meridian if 1% 1 (M) : LP.) J is finite cyclic. The following

result iso joint work with M. Culler and C. Gordon.

Theorem. Suppose that M is not Seifert- fibred. If ~. and ~ ~

are weak meridians then the algebraic intersection number ~oU

has absolute value ~ 5. If l,-r 1 (M) : f- land 11T1 (M) : JJ I are

each of order F 2 then I fOV 1. !5 4.

As a consequence one sees that there are at most five cla5sical

knots whose complements are of a given topological type. It 1s

conjectured that the bound in this theorem can oe reduc€d tq 1.

Examples due to Fintuchel- Stern and Pryzytyeki show that this

would be-best pos5ible.

w. SINGHOF:

Compaet nilmanifolds and stahle homotopy

Let G be a eonneeted Lie group of dimension m and r a dis­

crete subgroup such that G/r is eompact. The tangent bundle of

air admits a left- invariant trivialisation, and thus we get an

element [G/f" 1 E:. 1r~ by the Thom- Pontrjagin construction. We

concentrate on the ease where G i5 nilpotent and simply con­

neeted. Using the Atiyah- Singer index theorem, it i5 shown that

if m == 1 or 2 mod 8 and m > 2 then d [GIr] = O. In other words,
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compact nilmanifolds of dimension ~ 3 bound as spin manifolds.

Then the Adams e- invariant is computed in special cases, using

the theorem of Atiyah- 'Patodi- Singer. For instance, ~he f61­

lowing is obtained: Let H(n) be the' Heisenberg group (of

dimension 2n+1) and ren) its standard arithmetic subgroup.

Then e[H(n)/rCn)] is essentially given by the value of the

Riemann , - function at the place -n for n odd. This was

4It proved in collaboration with eh. Deninger.

A. szUCZ:

Multiple points and singular points

U~ing normal'forms of singularities one can generalise the

Pontrjagin- Thom construction to cobordisms of some singular

maps. The classifying spaces for cobordisms of singular-maps

provide a model for the loop space of the ThQm space. This

.model can be applied to the following question:

Fix a set oe. = [ce.1 ' ••• , Clr ~ cf Boardman symbols of s~ngularity .

types. Can a map. of an n~ manifold into . R n+k ~ave a single

point PE. {(M) such that f-1 (P) consists of ·r points

which are of' types «1'· • • , "T ?

Exampl'es:

1 ) lt1 . = -,--. (non- singular points). T~is case was

solved by'Eccles in codimension .k = 1 for immer~ions. ·We-can

,extend part of his resul ts to §ingular- maps (cf .'~almost any. type")-_

2).« [L"1,i:.°J.Nosuchamap.

3)1(· = (2 1 , rO, r. °1 • No such· a map.-
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L. SIEBENMANN :

Exot~c guasi-3-spheres in 8 4 arising from Gromov's horizon of

certain Coxeter- Davis groups

Let W4 be a compact contractible 4- manifold with non- ,simply

connected ?oundary M3 • One can so triangulate ,M3 that it be­

comes a full simplicial 3- complex, in which every quadrilateral

in the 1- skeleton (a cycle of 4- simplices) has at least one

diagonal present as a 1- srmplex of M3 • The Coxeter group r
with one generator of order 2 for each vertex v, say xCv),

x(v)2 = 1, and one relation for each edge e = [v,v') , namely

(x(v)x(v,))2 = 1, is combinatorially hyperbölic in the senäe,of

Gr~mov (IeM Warsaw, 1983). Following M. Davi.s (.Annals early '80' s

we'make the Peincare dual 3-cel1s into mirrors of reflection for
4 '

'an action of n on an open contractible 4- manifold X, with

fundamental region W4 C X4 • Davis observed that X4 is not"

homeomorphic to R~. We show that the space which is formed from
A

two copies of (say) X = X u Gr(r) by identifying the two copies

of Gr (r ) is homeomorphic to, 8 4 ; here X is Gromov r s com­

pactif~cation of X by the horizon Gr(r) cf the eombinatorially

hyperbolie group r. Further, the resulting pair (S4,GrCr)) is

topo1ogically homogeneous, i.e. given x and y in Gr(r) the.

exists a homeomorphism h of S4 respecting Gr(r') and ~ending

x to' y. Gr(r) can be identified as a homogeneous infinite con­

nected sum of copies of M3 : of a sort eonstructed (initially for

M3 = 3 3) by W. Jacobsche about 1977 (see Fund. Math. 1981). The

same holds in higher dimensions as soon as the special triangula­

tion can be found. This is joint work with R. Aneel.

~"
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C~B. THOMAS:

Contact forms on" (n-1 J-connected (2n+1 )-manifolds

The odd dimensional manifold M2n+1 is said to be contact if

there exists "a globally defined 1- form w such that erJA"(d t.))n I: O.

Classically the energy levels in a Hamiltonian system are contact,

and a necessary condition for the existence of a contact form w "

is the reducibility of the structural group of the tangent" bundle

of M2n+1 (oriented) from 80(2n+1) to U(n) + (1). We study the

sufficiency of this condition" for closed manifolds.

Theorem 1 (R. Lutz, W. Thurston, E. Wi~kelnkempfer). If M3 is

closed and erientable then it is contact.

Remark. T~e different classes of contact ferms on M3 would seem

to provide a new tool for the study of M3 - see the lecture of

S. ehern at the"1984 Banner Arbeitstagun~.

Theorem 2. Let M2n+1 . be an (n-1 )-connected (4n+1 )-manifol·d.

(a) If"n = 2, ,w2M = 0 and H2 (M,.Zl) contains no e,lements of

order 3 then M is contact.

(b) If n = 5 mod 8 and M is an odd torsion manifol~ with an

even number of prime summands, then for some smooth structure on

• M there 1s a contact form /0).

The proof of Theorem"~ ~ses the classification or h~ghly connected

manifolds, the description of the prime s~ands in terms of

Brieskorn varieties, and a theorem of C. Meckert on connected

sums. It should not be regarded as the final ward on the subject.
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T. tom DIECK:

Geometrie representation theory of finite groups

Geometrie representation theory is part of the theory of trans­

formation groups and emphasises the following view points:

1. Group actions on spheres, disks, Euclidean spaces (possibly

up to homotopy).

2. Systematic results for large classes of groups.

3,. Methods ,. re~ul ts, view points from ordinary (algebraie)

representation theory.

4. The study of unit spheres SV of orthogonal representations V.

5. Analysis of the role of SV" for general actions on spheres".

This view point was explained in the homotopy"category for

homotopy representations X. These are G- complexes such that

all fixed point .sets XH, H c:. G a sUbgroup', are (n(H)·"·~1)'- di­

mensional spaces homotopy equivalent to the sphere Sn(H)-1.

The main invariant of the homotopy type is the dimension function

'Dirn X: H ......... n( H). Necessary and sufficient conditions for a

function on conjugacy classes to be a dimension function were

..:..

explained.

C. WEBER:

Integral monodromy of same plane curve singularities •
Let t: 'a:n +"1 -4 a: be a polynomial map, f(O) = 0, ° being an

isolated singularity. Let L be the Milnor fibre and let h be

the monodromy. The induced map h*' is an automorphism cf

Hn<I ,22), gi~ing this last group the structure cf a 22(t,t-1]-
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module. Call if M(f). P. Orlik conjectured that M(f) is

a direct sum-of cyclic modules, at least if h* is of finite

order. -,

Theorem. This conjecture is false.

( ) ( ab) cd.Counterexamples: Take f X,Y = X - Y (X - Y) w1th

gCd(a,b) = ~"= gcd~c,d), eid< alb. Suppose band C are

two distinct p~.!.mes such that a+c' = bk , b+d ~ bk ', k <k' •

Then M(f) is not a direct sum of cyclic modules. The simplest

example arises fram (X _ y 2 )(X3 _ y14).

Berichterst"at.ter: ·Johannes Huebschmanri (Heidelberg)
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