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Fix p ^ 0 and consider the Serre spectral sequence for the fibra-

tion Sk^E-+B0 with coefficients in Fp. If this fails to collapse then

Hk(n0):Hk(B0;¥p) Hk(E;Fp) is surjective. Since / > k it is always true

that Hk(711) is surjective. Choose classes a e Hk(B0; Fp), ß e Hk{Bx ; Fp)

mapping to the same non-zero class in Hk(E;Fp). The Mayer-Vietoris

sequence for the decomposition Sn + l A) y A then gives a class

y e Hk(Sn + l;Fp) restricting to a and ß, which is absurd.

Thus the spectral sequence for Sk ->• E -> B0 collapses and so H*(B0; Fp)

H*(Sl x Sl+k; Fp). Using Poincaré duality for B0 we see that H*(B0; Fp)

and H*(Sl x Sl+k; Fp) are isomorphic as graded algebras. Thus B0 is elliptic
by 3.4 and E is elliptic by 3.3.

3.6. Simply connected closed manifolds M with a smooth action by a

compact Lie group G, having a simply connected codimension one orbit.

Here we may assume G is connected. Let the orbit be G/K, and convert
the inclusion of G/K into a fibration F -> G/K - M. From [9; Table 1.5] we

see that for any p, dim if/(F; Fp) < 2, all i. Thus applying the Serre spectral

sequence to the fibration Q(G/K) - QM F and using 3.1 for G/K we see

that ¥p) grows polynomially.

3.7. Simply connected manifolds M#N with each of the rings
H*(M; Z), H*(N; Z) generated by a single class.

By Van Kampen's theorem both M and N are simply connected, and so

their fundamental cohomology classes are not torsion. Since each ring is

monogenic, H*(M; Z) and H*(N; Z) are torsion free. Thus H*(M; ¥p) and

H*(N; Fp) are also monogenic, and so if*(M# TV; Fp) is doubly generated.
Now apply 3.4.

REFERENCES

[1] Browder, W. On differential Hopf algebras. Trans. Amer. Math. Soc. 107
(1963), 153-176.

[2] Felix, Y., S. Halperin and J.-C. Thomas. The homotopy Lie algebra for finite
complexes. Publ. de l'Institut des Hautes Etudes Scientifiques 56 (1983),
387-410.

[3] Felix, Y., S. Halperin, J.-M. Lemaire and J.-C. Thomas. Mod p loop space
homology. Invent. Math. 95 (1989), 247-262.

[4] Felix, Y., S. Halperin and J.-C. Thomas. Hopf algebras of polynomial
growth. J. of Algebra 125 (1989), 408-417.

[5] Felix, Y., S. Halperin and J.-C. Thomas. Loop space homology of spaces of
LS category one and two. Math. Ann. 287 (1990), 377-387.



32 Y. FELIX, S. HALPERIN AND J.-C. THOMAS

[6] Felix, Y., S. Halperin and J.-C. Thomas. Elliptic spaces. Bulletin Amer.
Math. Soc. 25 (1991), 69-73.

[7] Felix, Y., S. Halperin and J.-C. Thomas. Elliptic Hopf algebras. J. London
Math. Soc. 43 (1991), 535-545.

[8] Felix, Y., S. Halperin and J.-C. Thomas. Loop space homology at large
primes. In preparation.

[9] Grove, K. and S. Halperin. Dupin hypersurfaces, group actions and the
double mapping cylindre. J. diff. Geom. 26 (1987), 429-459.

[10] Hardy, G.H. and S. Ramanujan. Asymptotic formulae in Combinatory
Analysis. Proc. London Math. Soc. 17 (1918), 75-115.

[11] Tate, J. Homology of Noetherian rings and local rings. III. J. Math. 1 (1957),
14-25.

[12] Wiebe, H. Über homologische Invarianten lokaler Ringe. Math. Ann. 179
(1969), 257-274.

(Reçu le 14 février 1992)

Yves Felix

Institut de Mathématiques
Université Catholique de Louvain
B-1348 Louvain-La-Neuve, Belgique

Stephen Halperin

Department of Mathematics
Scarborough College, University of Toronto
Scarborough, Canada MIC 1A4

Jean-Claude Thomas

U.F.R. de Mathématiques Pures et Appliquées
Université des Sciences et Technologie de Lille
59655 Villeneuve d'Ascq, France


	...

