
Contents 1982

1982-1

January 3,4: Riemann-Hilbert problem.

January 4, 6: Soliton solutions of KdV. Baker-Akhiezer function.

January 7: Scattering theory in L2(S1)d.

January 10, 11: Notes on Krichever theory (Mumford paper).

January 12: Formal expressions for the resolvant of L = ∂2 + q.

1982-2

January 14: Riemann-Hilbert problem - Japanese viewpoint.

January 15: Calculations in V = C[z, z1] with V− == z−1C[z−1], V+ = C[z]; Λ(V ;V +) =∧
(V−)⊗

∧
(V+)∨. Vertex operators.

January 17: V = L2(S1). Fock space calculation.

January 19: Continuing the calculations of January 15. Discussion of derivations.

January 15: Note on Dirac system.

January 24: On the modified
∧

(V ) where V is a finite dimensional vector space over a function
field of a curve. Duality.

January 27, 28: Fredholm theory.

January 29: Factoring the S-matrix for a Dirac system.

January 30: Discussion of
∧

(V ) as a functor on the Q-category of finite dimensional spaces V .

February 4: On Bloch’s regulator map K2(X)→ H1(X,C). Deligne’s approach.

February 5: The torsor associated to a pair of holomorphic functions on a Riemann surface.

February 21, 22: The Japanese τ -function and how the Baker-Akhiezer function can be expressed
as a quotient of two τ -functions.

February 22, 23, 24, 25: Baker-Akhiezer function for an elliptic curve.

February 25: Differentials of the first, second and third kinds. Perverse sheaves and holonomic
models over a Riemann surface.

February 26: Comment on scattering for [∂2 + q]u = k2u. Analogies between gauge groups,
holomorphic structures and connections.

February 27: Determinants and line bundles associated to complex structures on a Riemann
surface. Singer’s determinants and analytic torsion. Calculation on an elliptic curve.

1982-3

February 28: Poisson summation formula and analytic torsion.

March 1: Holomorphic structures on a vector bundle over an Riemann surface.

March 2: Canonical line bundle over the space of Fredholm maps between two vector spaces.

March 3: The τ -function for line bundles over a Riemann surface.

March 4: Fredholm correspondances.

March 5: Canonical connection on O(−1) over P(V ).
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March 6: Families of vector bundles amd families of holomorphic structures on a Riemann surface.

March 8: Determinant of ∂ +A and Schwinger’s paper V .

March 10: ζ-functions of differential operators.

March 11, 12: Determinants and holomorphic structures on a vector bundle over a Riemann
surface.

March 13, 14: Clutching functions and projective action of the loop group on the cohomology
determinant line bundles when a loop separates a Riemann surface.

March 15: More on the clutching function construction. Explicit Japanese formulas.

March 16; More on vector bundles over Riemann surfaces. Symplectic structure on the loop group
ΩG.

March 17: Symplectic structure on G-bundles over a annulus. More on the Kyoto τ -function
associated to the Riemann-Hilbert problem.

March 18: Structure of orbits of the automorphism group of a Hermitian bundle over a Riemann
surface (Atiyah-Bott situation).

March 19: Instantons.

1982-4

March 20: Feynmann’s inequality and Atiyah-Bott convexity.

March 23: Canonical line bundles over Pic(X).

March 24: Line bundles on C/Γ.

March 25: On Corrigan, Goddard, Osborn and Templeton: Jet function regularization and multi-
instanton determinants. Nucl.Physics B 159 (469-496). Holomorphic structures on the trivial line
bundle over C/Γ and Singer torsion.

March 26: Heat equation methods. Asymptotic expansion of the heat kernel as t ↓ 0.

March 28: Variation of the ζ-finction for D∗D with D = ∂ + w acting on the trivial line bundle
over C/Γ.

March 29: Variation of ζ ′A(0) where A = D∗D, D = ∂z + α over C/Γ.

March 30: Homogeneous distributions and their Fourier transforms on Rn. Construction D−1
where D = ∂

∂z + α. Green’s function on C/Γ.

March 31: Comology determinant line bundle on a Riemann surface.

April 2: Laplacian and Green’s function on a Riemann surface. Seeley’s methods for obtaining
the asymptotic expansion of a heat kernel.

April 3: ζ∂∗
∂(0) and ζ∂ ∂∗(0( on a Riemannian surface).

April 4, 5: Asymptotics of the heat kernel.

April 6: Formulas of Riemannian geometry.

April 7: Patodi’s formulas in the case of Riemann surface.

April 8: Review of WKB. Curvature of some Riemann surfaces.

1982-5

April 9: Finish off computing the heat kernel terms on a Riemann surface. Calculations tested on
S2. Putting a metric on a line bundle using analytic torsion.

April 12, 13: Continuation of putting a metric on a line bundle using analytic torsion.
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April 14: Explicit calculation of ζ for line bundles on C/Γ.

April 16, 18: Theory in the situation where M is a symplectic manifold and f : M → R is such
that Xf is periodic. Atiyah-Bott on Duistermatt-Heckman.

April 19, 20: Parametrices for the ∂ operator over a Riemann surface.

April 23: Atiyah-Singer L2 index theorem.

April 25: Review of Atiyah’s work on K-homology with a view to understanding Connes’s classes.
Tate’s approach to residues. Hochschild cohomology.

April 28, 29, 30: Connes’s cohomology.

May 10, 11, 12: The determinant line bundle on the space of holomorphic structure in a vector
bundle over a Riemann surface.

May 21: Variation of analytic torsion and calculations involving the heat kernel.

1982-6

May 22: Calculation of regularized trace by means of the heat kernel. Calculation of curvature.

May 23, 24 27: Review calculation of < y|D−1|y > where D is the ∂ operator.

May 30: Calculation with the line bundle O(P ) over an elliptic curve.

June 1: Direct ways to get a metric on the dual determinant line bundle over the space of holo-
morphic structures.

June 3, 4: Calculations on an elliptic curve. Varying holomorphic structures on a Riemann surface.

June 5: Dirac equation: physical derivation.

June 6, 7: Dirac operator on a Riemannion manifold. Calculation for a Riemann surface.

June 7, 8: Adler anomoly: calculating [D,J ] where J(z) = FP < z|D−1|z >. Connection with
index theorem.

June 10: Calculations for the case where D has index 1.

1982-7

June 11, 13, 14, 15: Varying the holomorphic structure on the manifold.

June 19, 20: Atiyah’s idea. General anomoly formula.

June 22: Coleman denominator for the Green’s function.

June 25: Grothendieck Riemann Roch. Hodge Index theorem.

June 26: Hodge Index theorem for surfaces.

June 27: Calculating c1(f!L) where L is the line bundle corresponding to a divisor of an elliptic
curve f : X → Q. Riemann Roch theorem for a vector bundle over a family of curves. Intersection
theory for curves on an arithmetic surface.

June 28: Review ζ function and K-groups for varieties over Fq. Grothendieck’s proof of the Hodge
Index theorem.

June 29: Review of previous work and consideration of how the torsion changes with the metric.

June 30: Discussion of Φ(θ(−p), E) as a ratio of volumes for E a vector bundle over Riemann
surface. Falting’s lecture on the Shafarevich-Parsin conjecture and applications to determinant
line bundle work and the Hodge Index theorem.

July 1: Comment on work for the future on varying metrics and holomorphic structures.
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July 3, 4: Formulas for vector bundles arising from clutching onto a given holomorphic bundle
and for variation of holomorphic structure.

July 5: Dirac operator over a surface, its determinant line bundle over a space of gauge fields and
the global determinant.

July 6: Curvature and determinant theorem for a family Dt = ∂z − αt, holomorphic in t.

July 12: Computation of the determinant of a degree 0 line bundle over C/Γ.

July 18: WKB approach to the determinant term in the heat kernel. Flat Green’s functions.

July 30, 31: Summary of some work done in Oxford on denominator free Green’s functions.

1982-8

August 6 - 12: Review of calculation of det(∂z + α) over an elliptic curve. Ground energy as a
determinant.

August 12: Graeme Segal’s notes on ground energy.

August 14: Differential form version of GRR where fibres are curves.

August 15: GRR applied to familes of holomorphic structures.

Augusy 17, 18: Parametrices for ∂. Introducing flat Green’s functions.

August 19, 20, 21: Flat Green’s functions.

August 22: Comment on a parametrix for ∂ and the WKB approximation for the heat kernel
e−D

∗D.

August 23, 24 25: Anomoly formulas for a denominator-free Green’s function.

August 26-30: Discussion of < 0|S|0 > as a determinant and related calculations.

September 2 Comment on a Hamiltonian for a 1-particle space.

1982-9

September 4,5: Notes on < 0|S|0 >. More on GRR for a vector bundle over a family of curves.

September 6,7: On the ζ-function Tr(∆−sy ) associated to a parametrized family of curves.

September 10, 11, 12: Equivariant line bundles with equivariant connections and moment maps.

September 13: Review of results from Riemannian geometry.

September 14: Moment map for the action of volume preserving vector fields on metrics of a given
volume.

September 15: Complex structures on and oriented plane and points of UHP.

September 16: Continue review of results from Riemannian geometry. Return to complex struc-
tures on a surface of fixed volume. Curvature of determinant line bundle.

September 17: Curvature of the tangent bundles along the fibres for a holomorphic family of
curves.

September 18, 19: Holomorphic structures on a vector bundle.

1982-10

September 21-27: Holomorphic structures on a vector bundle.

September 28- October 3: Determinants of operators over the one dimensional spaces: S1, [0, L]
and R.

October 5: Comment on eigenspaces of the Laplacian.
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October 6: Defining chf! as a differential form. Review of perturbation theory. Grassmannian
connection.

October 7: On the η-invariant and relationship with determinant.

October 8: Failure of the heat kernel trace to have an asymptotic expansion.

1982-11

October 9: Discussion of the question of existence of an asymptotic expansion in powers of t for∫
e−t|x|

2

f(x)dx where f is a distribution. Application to the η-invariant. The η-invariant for a
manifold with boundary.

October 10: Examples of the η-invariant for manifolds with boundary.

October 11: Boundary condition for the ∂ operator on a Riemann surface with boundary. Rela-
tionship with the Schrödinger equation. Entropy and energy.

October 13: The ∂ operator as an imaginary time Scrödinger equation with a time dependent
Hamiltonian. Certain subspaces of Fock space as boundary conditions for the ∂ operator.

October 16, 17, 18: Unanswered questions connected with determinants of ∂ on closed Riemann
surfaces. Schwinger’s gauge inveriant determinant. Results for line bundles over a Riemann surface
of degree g − 1.

October 21: Continuation of discussion of the ∂ operator on a vector bundle over Riemann surface
with boundary.. Review of τ -function. George Wilson’s formula.

October 23, 24: On the τ -function. The τ -function as determinant.

October 27: The KdV equation.

1982-12

October 28: Regularization processes. The algebra behind parametrices and determinants.

October 29, 31: Seeley’s and Hörmander’s representation of the heat kernel. Determinant formal-
ism.

November 1: Heat kernel e−tA when A is the Laplacian plus lower order terms.

November 2: On Fourier integral operators.

November 3: On Tr(eitA
1
2 ) where A is a positive second order elliptic operator.

November 4: Hörmander’s theory for eiA
1
2 where A is a positive second order operator.

November 5: On an asymptotic expansion for

ζA(s) = Tr(A−s) =
1

Γ(2s)

∫ ∞
0

Tr(e−tA
1
2 )t2s

dy

t
.

On Tr(eitP (D)) where P (D) is a constant coefficient operator over Rn/LZn. On Hörmander’s

approach to < x|e−itA
1
2 |x′ >.

November 6: On Tr(e−tAB) as t ↓ 0. More Hörmander theory.

Novemner 7: Hörmander’s representation of < x|e−itP (D)|x′ > using asymptotic eigenfunctions of
P (D). Summary of wave equation approach.

November 8: Asymptotic expansion as t ↓ 0 of Tr(e−tAB) where A is a Laplacian and B is a
pseudodifferential operator.

November 9: Homogeneous distributions. Remark on ηA(s).

5

http://www2.maths.ox.ac.uk/cmi/library/Quillen/Working_papers/quillen%201982/1982-11.pdf
http://www2.maths.ox.ac.uk/cmi/library/Quillen/Working_papers/quillen%201982/1982-12.pdf


November 10: Seeley’s method for calculating the asymptotic expansion of the heat kernel <
x|e−tA|x′ >.

November 11: Generalities about pseudodifferential operators. Heat kernel e−tA. Comments on
Seeley’s approach.

November 12: On < x| 1
λ−A |ξ > and < x|A−s|x′ >.

November 14: Pairing elliptic operators and vector bundles.

November 16: Heat kernel formulas and an expression for the anomoly. An expression for the
current JD where D is a Dirac operator and Tr((D∗D)−sD−1δD)|s=0 =

∫
tr(JDδD)

November 17: Proof of the anomoly formula. Relationship between the curvature of the determi-
nant line bundle and the anomoly formula given via the moment map.

November 18: Review Duistermaat’s theorem.

November 19: Discussion of the possibility of a Hamiltonian formulation of field theory.

November 20: Local formulas on Rn for the Dirac operator with coefficients in a vector bundle.

November 22: Notes on Atiyah’s talk on Witten’s mod 2 anomoly.

November 23: Analytic torsion metric and curvature form arising from holomorphic structures on
a given vector bundles over a Kähler manifold.

1982-13

November 22: On Loday’s conjecture concerning the homology of gln(A).

November 23: Weitzenböck formula.

November 25: Letter to Loday about GLn(A). Question to Atiyah about a vector bundle over a
fibre bundle with flat connections along the fibres. Bott’s suggestion that Connes’s homology is
related to the free loop space.

November 26: Preparation for Atiyah’s lectures on Witten’s ideas for Map(S1,M). On operator’s
with symbol |ξ|2.

November 30, December 1: Second order operators and connections on a vector bundle. The
kernel < x|e−tD|y > calculated as a path integral.

December8: Local index theorem for the Dirac operator.

December 10: On Kirwan’s Morse theory approach to moduli problems

December 11: Comment on a derivation of a path integral expression for the heat kernel. Kolmogorov-
Chapman type differential equations. Local index formula for the Dirac operator over an even
dimensional spin manifold.

December 12: Path integral approach to a local index formula.

December 13: Heat flow on a Riemannian manifold.

December 14: Grassmannian calculations.

December 17: On Witten’s talk on the equations of motion for the σ-model. Atiyah’s formulation.

December 18. Path integrals and random walks on manifolds.

December 20: Supersymmetry.

December 21: On families of ∂ operators on a vector bundle over a Riemann surface. Account of
a conversation with Donaldson.
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December 22: Equivariant cohomology of the gauge group acting on the space of connections,
calculated using differential forms. Preparation for a talk with G. Wilson.

December 23, 25: Equivariant cohomology using differential forms.

December 26: To find a Lie analogue of H∗G(A) = H∗(BG) where G is a gauge group and A the
space of connections.

December 27: Relating e2 ∈ H3(Un) to the central extension of ΩUn.

December 28: Equivariant curvature.

December 29: Existence of an odd form ch(f) when f : E → F is an isomorphism of vector
bundles.

December 30: Ideas suggested by Connes’s formulation of the index theorem.

1982-14

Notes on a lecture of Serre on the number of points on a curve.
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