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F.W. BAUER: Shaue Theory and Homology

Far K. = !2.E CI'. ~o and sui table su·ocategory of "goaalt

spa~es E Ce.g. CW-complexes of finite CW-complexes) a

shape category K is defined -t.ogether wi th a concept of

homotopy. Tbe category !h. is d{fferent from the Borsu~-Mar­

desic category. Ämong other things the following theorems

are proved:

Theorem 1: lmy inclusion i A c B(A,B compact metric) is e
. a cofibration.

Theorem 2: One has a singular complex S,: X-- SE and a

natural transformation Wx .:JS(X)l - X such that:

1) Wp = h-equivalent in K for P E 1:
2) The hamology '~( ) = ~OS ( » is isomorphie to.

'Steenrod-Si tnikov-homology (on' 'co~yact metric spaces).

3) 'For X compact,metric, mouvable, finite di~ensiona~,

shape-simply connected Wx is a h-equiyalence.provided

jt = category of finite CW-space.

H. J. BAUES: Rationale Hömotopietypen

~: Sei X ~in einfach zusammenhängender CW-Raum. Dann
gibt 'es einen'instabilen CW-Komplex Y (das ist ein CW­

Xomp~ex, bei de~ alle anheftenden Abbildungen unter der

Einhängung verschwinden) und eine Abbildung Y - X ,
welche eine rationale Ho~otopieäquivalenz ist.

Der instabile CW-Komplex Y ist ein minimales CW-Modell
für den rationalen Homotopietyp von X und hat· die dualen

. Eigenschaftf'j,n des minimalen, Modells von Sullivan. Als

Anwendung berechnen wir z.B. Kern und Kokern des rationalen

Hurewicz-Homomorpbismus

n.(X) ® Q ) H.(X,Q)
1 , 1

für i ~ 3c(X)+1 (c(X)=rationaler,Zusammenhang von X)

mit Hilfe von Whitehead-Produkten.
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R. BROWN: A 2-dimensional van Kampen theorem which computes
seeond relative homotopy grOUPS •

It i8 well'known that for a based pair (X,Y),n,(Y) acts

on TI2 (X,Y) so that with the boundary 0:n2(X,Y)'- n1(Y)

h d d 1 ( ( b) --1~ )- -1 oa)we ave a erosse. roo u e i . e. '0 a = 0 \ oa 0, a a, a=a1 •

This crossed module 1s written ~(X,Y) • Theorem: If X' i8

covered by the interiors o~ X"X2 ;Xo = x,n X2 ; YA = XA n y
11, (YAJ ~ TT1 (Xy ) is su:cjective fo~ ".A = 0, 1 ,2; and alT. the
YA,XA are path-connected; then

is a pushout in the category of erossed modules. This.result

generalizes the usual von Kampen Theorem, as well.as giving

a strong form of bomotopy excisi'on in dimension 2; It' also

enables one to co~pute for e~ample groups n2 (YU f (CA x B),Y)'
where f:A x B - Y and A,B,Y are patb-co~ected.

The proof of the theorem involves a new homotopy functor

p(X,Y) with values in a new category of double groupoi~s

which is itself equivalent to the category of crossed ~odules.

JOlliU~ L. DUPONT: Simplicial De Rham Theory and Applications

On" a semi-siII;Lplieial set X = {XpJ we define' a c.omplex

A*(X) of differential forms.as follows: An ri-form . ~ is

given as a collection {Ci'o-] , tS Ell p Xp , of cO) n-forms

such that .~~ for .a E Xp is defined on the standard
p-simplex 6 and satisfying a certain compatibility re­

lation. Int.egration over 6
n yields a chain map

J : A*(X) - C*(X)'" where Cn(X) denotes the cochains wi th

real coefficients. It is proved that J is a chain equiva­

lenee and i8 multipllcative on cohomology.
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Using a similar construction A*(X,Q) replacing C~ forms

by polynomial forms over Q, we give a proof of the Quillen­
Sullivan Theorem that there is a one-to-one correspondence
between simply.connected rational homotopy types and minimal

DGA's over . ~ • Th{s cor.respondä.nce is given by associating
to aspace X the mini~al model MX of ~A*(X;Q) • For X

a C
m

manifold it follows that MX~.R is a minimal model

for the usual Da Rhan eomplex A*(X)'.
Generalizing tbe eonstruction to a simplicial manifold •

X={X} we obtain a De Rham complex A*(X) whose cohomologyp . .
is isomorphie to the eohomology of \\X\\, the "r.ealization"
of X. This i8 applied for the following: Consider a dis­

erete grou~ r and a.homomorphism ~ :r - G , G 'a conn~cted

semi-simple Lie-group. Let K ~ G -oe a maximal compact sub­
grOUPj benee H*(BG,R):! H*,(BK,R). Gi.ven x E H*(BK,~) we

construct an expli~.tt""coch_S:in in the Eilenberg-IVlacLane group­

cohomology H*(r,R)'~ H~(Br,R) representing the charac­
teristic elass (Bf)*x.

. . .

WERNER END:. Homotopy groupe of the form (Sd(1)x.~.xsd(n),AJo.

I will give necessary a.p.d sufficient conditions for a group
G ,wbich occurs as homotopy gr'oup [sd(1)X••• XSd (n),A]o,

where dei) ~ 1 and A i8 a group like space. To b~ more
precise:
Theorem: Let "G. be a group·, \Ilhieb admits homomorphisf:Ils r a
a c ~ = {1,2, ••• ,n}, such that 4It
(1) ·ro:ors:= r a r\J3 ' r~ = trivial, r!! = idG ' and

(2) Kern rn-{i) are abelian graups, i =.1,2,··,n •
Then there eiists a group like space A and dimensions.
d(1), ••• ,d(n)~ 1 , such that G ~ [Sd(1)x••• xSd (n),A]o •
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RunOLF FRITSCH: An Approximation Theorem for Maps into
Kan Fibrations

Theorem: Let

be a commutative square in tbe category of ßemisi~plicial

sets with i an inclusion and p a Kan fibratio~. Further

let g :IYI- JEJ .oe a eontinuous map with JpJ 0 g = JhJ
and goJiJ = JfJ • Then there is a bomotopy g ~ gl under
JXJ and.over JBJ so that g' = JgJ for some semisimplicial
map g •.
Corollary. A Kan set.is astrang defprmation retract of the
singular-set of its geometrie realization.

VAGN LUNDSGAARD HANSEN: Eguivalence of components in
a mapping space

In the 8pace of based maps from the m-sp4ere Sm to the

n-sphere .Sn all the (path-)components have·the same bomo­
topy type. This 18 not the case in tbe space of free maps.

Thus for. m ~ n it turns out that ,the two. compon~nts con­
taining tbe maps of degree k, respectively degree 1,

bave.the· same homotopy type' if and only if (1) n even
and k = ±1j (2) n odd, +1,3,7 and k =1 mod-2;
( 3) . n = ~, 3, 7 and k and 1 arbi trary. Simi lar pbenomena
can be cbserved in many spaces cf maps between compact,
oonne~ted pclyhedra X and Y ~ We ahall diseuss the problem
cf dividing the set cf components in the space of free maps
of X into Y into homotopy types and present the solution
to this problem for a number of ehoioss of the spaces X.
and Y, including the cases X = Y = Sn mentioned above.
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STEF~~ JACKOWSKI: Families of subgroups and completion

This talk will oe concerned 'rith the completion ef the
equivariant cohomology theory with respect to ·the topology

in its coefficients determined by a family ef subgroups.
We shall restriet ourselves to ~he ease of equivariant
K-theory. The family F of sub'groups of the compact Lie

group G determines the F-topology in the repr,esentation

ring R(G) given by, the ideals: I(F) = {I(H1)· ••• ·I(~) J
I(H) ::; ker(R(G) - R(H»; .H E F) • For every equivariant e
cohomology theory and a family F Tamme tom Dieck defined

the theory K~[FJ(.) = K~(EFX.) where EF denotes classi­
fying space for the family F. We shall consider special'

cases of the following conjeeture:. '

For every finite' G-CW-complex X the derived functor
lim1K*G{Y 'x X) vanishes and the projection EFxX - X de-
'(C.Er· * i"oJ *
fines the natural ~quivalence KG(X) ~ KG[F](X) where
~ . denotes the completion in F-topology.

In the ease of F = {fe}} tbis is tbe well-known Atiyah­
Segal completion theorem. Tbe conjecture was verified for'
families determined by families of eomplex representations

and fo~ their intersections. If every Sylow subgroup of the

finite group G is elementary abelian p-group then the con­
jecture is true' for arbitrary family of subgroups.

*Next we shall,discuss th~ question when KG(X) is complete

in F-topol~gy. For a finite group G and compact G-CW-com- ~
plex X KG(X) is eomplete in F-topology iff every eyclic
subgroup C c G such that· xC+ß , belongs to F.

A. LIULEVICIUS: Immersions up to cobordism

An algebraic filtration on. n*(MO) was described whieh is
motivated by the work of R.L.W. Brown on immersing manifolds

into Euclidean space up to cODordism: Fk eonsists of those
cobordism elasses which under the Hurewicz homomorphsim land

in the image of H*(MO(k) ;Z2) . Let bn b'e the polynomial

generato~s of H*(MOjZ2) coming from MO(1), ß = t + b1t 2+
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+0 tn+1~ and define m by the inverse power series
n •• 2 n+ln

t = ß + ID1ß +••• +mnß +•••• A technique of handling the

algebraic'filtration in terms of the generators ~ was

given. It was conjectured oy tbe speaker in 1972 that
[Rp2n ] has minimal filtration among all the .indecomposables

of n*(MO) in dimension 2n. A proof (due to Stong) of this
conjecture was presented.

Lokalisierun~. Vervollständigung und
Pbantomaboildungen

Für einen unendlichen CW-Komplex W un~ einen nilpotenten
Raum X von endlichem Typ, dessen Rationalisierung ein H­
Raum ist, werden die Abbildungen .. e~:[W,XJ - [w,npX(p)]
und b~: [\v,X] -" [W,tJ untersucht. Hierbei sind die Abbil­

dungen e*" und ~* von der Lokalisierung (für alle Prim­

zahlen p) und der pro-endlichen Vervollständigung inquziert.

Aus den Resultaten erhält man insbesongere eipe. wichtige

Ve~allgemeinerungderexa~ten Folge von Milnor fU~ Phantom­

ab-oildungen·.von_ W in X. Wei ter wird, .anhand der K-Th~orie

der Eilenberg-MacLane-Räume, die .Gruppe. der Phantomab-oi~dungen

in vielen "~eisptelen explizit angegeben •.

J.W. RUTTER: Sugawara type fibrations for h-spaces

For any h-wellpointed homotopy ,loop
the~e is the.fibre sequ~nce

- o(X * X)~ nsx ~x 4 X * X~ sx

where q iq the Hopf construction on the left fraction q.

This sequence has certain advantages over the Sugawara Iibre
sequence, ~hicb is induced by the Hopf construction
m: X * X - SX on the multiplication m: for example the

connecting map Ym is a retraction for the inclusion
n : X - nSx ~ The fibre sequence 1s valid moreover for homo­
topy quasigroups and therefore the Sugawara sequence is

also a special oase. As applications there are homotopy

equival~nces OSX - X x o(~ * X) , and there are relations
between'multiplications on X, retractions OSX - X ,

--_.._---------------------------
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and algebras on X. If X

Ym,Yq , ••• are equal up to equivalences of ,,"
A. •

H. SCHEERER: Lokalisierung nilpotenter Gruppen und

Räume durch Teleskope

Die folgenden Ergebnisse wurden in gemeinsamer Arbeit mit

Peter Kahn erzielt. Resultate von Mimura,-O'Neill und Toda

über P-Xquiv~nzenwerden verallgemeinert.

Wir betrachten nur Räume, welche vom Homotopietyp nilpotenter
CW-Komplexe von endlichem Typ sind. Eine endlich erzeugte

nilpotent.e Gruppe G wird mi t dem Raum K(G,1) identifiziert.

Definition: Ein Raum K heißt P-lokalisierbar durch ein

Teleskop, kurz: PLT, wenn eine Folge von P.Xquivalenzen

{~f K - L} existiert, ~o daß die Abb~ldung von- K in

das Abbildungsteleskop li,{K,gn J eine P-Lokalisierung ist.

Wir zeigen,. daß die Eigenschaft PLT äquivalent. zu der
Eigenschaft np-universell" von Mimura et ale ist. In der

Kategorie der coendlichen Räume ist K genau dann PLT ,

wenn zu jeder P-Xquivalenz K - L oder L - K eine in um­

gekehrter Richtung existiert. Die Eigenschaft PLT h~ngt

für coendlicbe oder endliche Räume nur vom rationalen Homo­
topietyp und der Menge P ab.

FRANCOIS SIGRIST: Some properties of tbe groups J(cpn)

The fo~lowing results about the groups

commented:

will be

A) The group J(cP2n ) has order J(2n) =.m(2).m(A) ••• -m(2n)

where. m(2s)' is the order of J(S4s) • (Adams and Walker

1965) •

B) The Bopf bundle in J( cp2n) has order the James number

b(2n), determined by Adams and Walker •. b(2n) is also
the exponent of the group (Suter 1975).
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c) b(2n) is comparatively close to J(2n): more precisely
one has the formulas log b(2n) = +og(2n)I + o(n) and

log J(2n) = log b(2n) + K·2n + o(n) with
2 -

K = Llog p.(p-1)- •
--- 2D) The p-component of J(Cp n) has 'at most [log n/log p]+1

summands. (Suter 1975).
E) The 2-,component has exactly [log n/log 2 J+' = [log 2n/log 2 ]

2 . \
summands. It follows tbat J(CP n) is the sum of exac~ly

[log 2n/lo~ 2] ,cyclic groups in i ts decomposi tion wi th
tbe elementary divisors.

A consequence o~ C) i8 that tbe behaviour of the function
m(2s) is, in.mean, very regular; it turns out that
'Vm(2).m:(4) ••• m(2n)' _ const.n2• In'vie~-of the wild behaviour

of m(2s) (Bernoulli numbersl); tbis .shows that one needs an
averaging.· procedure in order to descri be tbe image of J

in a palatable way.

WILHELM SINGHOF: On the Lusternik-Schnirelmann Category

For a topological space X and a subspace A of X, let
catxA be the smallest number n such that ,A' can be

covered by n open subsets of X each of which is con­
tra~tible in ·X. If no such n 'exists, put catxA = ~ •
Write cat X = catxX • Tbe following results are demon­

strated: -cat SU(n)' = n ; cat :U(n) = n+1 • If G is a
compact connected Lie group and T a maximal torus of G,

then' ·cat .G/T = ~(dim G - rg G) + 1 ,and catGT =
cp(TT,G)+1, where for a finitely generated abelian group n

we define- ~(n) to be tbe smallest number n such that
n is ~he direct sum of n cyclic groups. Finally, a result

on the category of spaces witb finite homotopy groups i8
sketcbed.

SIEGFRIED THOMEIBR: Homotopietheorie

For a diagram ~ of topological spaces ~ and maps, homo­
topy commutativity has to be defined_so that, whenever there
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are several possible compositions of morpnlsms in ~~

yielding maps from Ai to Aj , then not only are these

homotopic, out also the connecting homotopies are homo­

topic themselves. Consider, for any such pair Ai ' Ajo
the simplex ~ij spanned by all such compositions from Ai

to Aj and define T to oe a "homotopy commutative dia-

° gram (h.c.d.) if for any such pair there is given a map

Qij: Aix 6ij -7 Aj so that for each vertex p of ßij

we have ~ij(a,p) = p(a) , for all a E Ai ' and that ~

certain compatibility conditions are satisfied. For a h.c.d. ~

we further define the nations of HPB and HPO, in ana-

logy with the usual pullback and pushout, °by their universal
. -

properties. Contrary to usual pullbacks and pushouts,

HPB's and, HPO'so always exist and they are unique in the

obvious sense. (We assume all spaces to oe of the homotopy

type of CW-complexes; it follows as a corollary from a

theorem of-Milnor that if all .Ai in ~ are such spaces-then

so is the HPB- (and HPO-)space.)

There are various applications of these techniques"to questions

tions of homotopy tbeory, yielding, for instance, generalized

theorems of a Blakers-Massey type by diagram-chasing.

GRANT WA~KER: Toda Brackets in the Homotopy of Complex
Stiefel Manifolds .

It is a classical problem to determine the oostruction order

Ja,(n,k)J cf the complex Stiefel manifold Wn,k of unitary

k-frames in cn • Atiyah and Toda obtained a lower bound on

jat(n,k)J by cohomology methods. I shall describe a proof

that this bound is exact at an odd prime p when
22·k S (p-1)(p ~p+1), n ~ 2(p-1) +2k-1 • (These restrietions mean

we work ~nth a known portion of the stable homotopy groups

of spheres).

The method is to study the behaviour of Toda brackets in

the homotopy exact couple of the usual fibre oundles

                                   
                                                                                                       ©



.....

- 11 -

U(n-k) ~ U(n) -7 Wn,k • For this it is necessary to
extend the work of Toda and Mimura to give formulas
which apply to the p-components of n-ary Toda brackets.

The key argument shows the existence of differentials

a, ~ ß,'( =(a 1 ' ••• ,Cl, }) in the spectral se'quence.
'--v---'

p

R. WOOD: Framing Lie Groups

Explicit elements in the homotopy groups of s~res are

p!oduced py framing Lie groups and their Hopf invariants
are computed. We introduce in passing a fil~ration of the

bomotopy groups of spheres related to the·J-homomorpbism.

ANDREAS ZACHARIOU: Algebraic Cohomology Operations

Tbis is an article on the existence, construction ~nd

properties of algebraic cohomology operations. The ma~n

objects of study are.primary and spectr~l alge~raic

cohomology operations. Applications. ar'e given for tbe
cohomology of Hopf algebras. Special e~pb~sis is on the

applications of these operations on the cohomology of the

Steenrod algebra~ the Adams spectral sequence and t.be
stable homotopy of spheres. The work is in progress and

includes several open problems.

N•. ZISMAN: Simplicial Monoids

Let G and W be Kan's weIl known adjoint functorsj
in fact W(r) is also defined if r is a simplicial
monoid'and not only a simplicial graupe In the c~se where
r is a monoid, considered·as a category, its nerve ~(r)

is a simplicial set. Dealing with a simplicial monoid r,
we define in the same way its nerve m(r) , a bisimplicial
set whose diagonal is denoted by B(r) .
Theorem 1: There is a natural ho~otopy equivalence
E(r) ~w(r) •
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Theorem 2: There is a natural simplicial map r -7 GWr
compatible with products up to homotopy. This map is a

homotopy equivalence iff no(r) is a group.

Theorem 3 is a "delooped" form of a theorem of Graeme Segal

on 6-spaces. ,

'K. 'Del1nic (Heidelberg)
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