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PRE-REQUISITES : Basic real analysis. A basic knowledge of functional analysis would help

COURSE OUTLINE :

Fourier analysis is a fundamental component in the tool-kit of every pure and applied mathematician with
numerous applications to signal processing, image processing, tomography and several other areas of
engineering. In this course we shall look at the most basic theoretical foundations of this subject with several
applications. Along the way we shall have to recapitulate some of the requisite results from functional analysis.
We offer some Selected applications such as Hurwitz’s proof of the isoperimetric theorem and Weyl’s theorem
on equidistribution modulo one. Some applications to differential equations will be indicated.
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COURSE PLAN :

Week 1: Introduction and the basic stage set up. The basic convergence theorem and its applications

Week 2: Cesaro summability and Fejer’'s theorem. Uniform distribution modulo one.

Week 3: Mean convergence and its applications. Parseval’'s theorem and its applications to The isoperimetric
theorem. Maximum modulus theorem for holomorphic functions.

Week 4: Pointwise convergence of Fourier series. Failure of pointwise convergence for Continuous functions —
application of the Banach Steinhaus theorem

Week 5: Some rudiments of functional analysis — Review of basic theorems

Week 6: Schwartz space of rapidly decreasing functions and its basic properties. Examples. Density in
classical Lebesgue spaces.

Week 7: Fourier transforms of Schwartz functions. Fourier inversion theorem and some applications. Fourier
transforms of absolutely summable functions.

Week 8: Plancheral’s theorem and Fourier transforms of square summable functions. Fourier transform as a
unitary operator.

Week 9: The Fourier transform as a bounded linear map L*p --> LAq if 1 < p < 2, Riemann Lebesgue lemma,
examples and applications.

Week 10: Solution of the Heat equation in the half space via Fourier transform, Poisson summation formula
and Jacobi theta function identity

Week 11: Energy conservation in wave equations, Paley Weiner theorem for Fourier transforms of smooth
functions with compact support

Week 12: Principle of equipartition of energy, Hermite equation, Eigenfunctions of Fourier transform
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