
Summer School on Surgery and the
Classification of Manifolds

Lectures

7/18/2016–7/22/2016

Monday:

1. Introduction: Surgery
Definition of structure set, the action of haut(X) on S(X), present
surgery exact sequence (without defining L-groups or Normal invari-
ants), definition of surgery, handlebodies, Morse theory, simply-connected
theorem

2. s/h-cobordism theorem
Simple homotopy equivalence, Whitehead torsion, state s-cobordism
theorem, outline proof of h-cobordism theorem, applications.

3. Normal maps and the Pontrjagin-Thom construction
normal map, normal bordism, stable vector bundles, SO(n), SO and
BSO, Thom spaces and spectra, the Pontrjagin-Thom isomorphism,
computation of framed normal bordism (for a fixed bundle), computa-
tion of N∗ and ΩSO

∗ , degree one.

4. Topological manifolds
Micro-bundles and stable micro-bundles, TOP (n), TOP and BTOP ,
statement of topological transversality and Pontryagin-Thom for bor-
dism of topological manifolds, state topological invariance of White-
head torsion, define topological surgery exact sequence
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Tuesday:

1. Spherical fibrations
Spherical fibrations and stable spherical fibrations, G(n), G and BG
(homotopy groups and what they classify), local coefficients, Poincaré
duality and Poincaré complexes, existence and uniqueness of the Spi-
vak Normal Fibration, Identification of normal invariants: N (X) ≡
[X,G/O]

2. Surgery below the middle dimension
The effect of surgery on homotopy and homology, surgery kernels, reg-
ular homotopy classes of immersions, the Whitney embedding theorem,
surgery below the middle dimension

3. L-groups
Rings with involution R, symmetric and quadratic forms, definition
of L2q(R), signature, some computations of L2q(R), symmetric and
quadratic formations, definition of L2q+1(R), some computations of
L2q+1(R)

4. Surgery in the middle dimension
equivariant intersection form, equivariant self-intersection, the Whitney
trick, definition of the surgery obstruction map σ : N (X)→ Ln(π1(X)),
proof of the completeness of the surgery obstruction map for n even.

Wednesday:

1. The surgery exact sequence (SES)
Wall realisation, the action of Ln+1(π1(X)) on S(X), proof of exactness
of the SES, extension of the SES to the left, the SES for various cases:
rel boundary, not rel. boundary, smooth and TOP , the π − π theorem

2. Exotic spheres
The J-homomorphism, Coker(J), the order of bP4k, the Kervaire in-
variant, Smoothing theory, πn(TOP/O) ∼= Θn is finite

3. The homotopy type of G/TOP
The homotopy groups of G/TOP via the TOP SES for Sn, localisa-
tion of spaces, the 2-local homotopy type of G/TOP , the odd-local
homotopy type of G/TOP , splitting along submanifolds, STOP (CP n)
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Thursday:

1. Existence of manifold structures
Non-reducible SNFs, the spherical space form problem

2. The Borel and Novikov Conjectures
Aspherical manifolds, the Borel Conjecture and the Gromov-Lawson
Conjecture, the smooth and TOP structure sets of T n, Higher signa-
tures and the Novikov conjecture, the Novikov conjecture for π1 = Z

3. Assembly I
The L-spectrum, Poincaré duality [X,G/TOP ] ∼= H∗(X;L), the as-
sembly map H∗(X;L) → L∗(Zπ1X), the factorization of the surgery
obstruction map through the assembly map

4. Assembly II
The Borel and Novikov conjectures via assembly, characteristic class
formulas for the surgery obstruction map, the Farrell-Jones conjecture.

Friday:

1. Higher index theory and the analytic assembly map
Higher index theory of elliptic operators and the analytic assembly
map. The Baum-Connes conjecture in both the algebraic and analytic
settings.

2. The Dirac operator and positive scalar curvature
The Dirac operator and positive scalar curvature. Nonexistence of pos-
itive scalar curvature metrics for certain aspherical manifolds. Sec-
ondary invariants and the size of moduli space of positive scalar curva-
ture metrics.

3. The Novikov conjecture and rigidity of manifolds
The analytic approach to the Novikov conjecture. Rigidity and non-
rigidity of manifolds.
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