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In this class, students will study basics of functional analysis. We treat the set of functions as spaces, and study it via linear

i

algebra and limits of sequences of functions. In the first half of this course, students will study contraction mapping theorem,
and the proof of local existence and uniqueness theorem for solutions of ODEs as its application. In the latter half, students
will study the theory of Hilbert spaces, which contributes better understanding of Fourier series and Fourier transformations.
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& | To acquire theories of abstract vector spaces, and to understand definitions of Banach spaces and Hilbert spaces.
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To understand limits of sequences of functions.

To understand basic theories of Hilbert spaces.

To understand basic theories of linear operators on Hilbert spcaes.
To understand eigenvalues and spectrum of linear operators.
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1 B | 8ER#ED 5> 0%EE BROME, N7 hILER
Z | Preparation from linear | Introduction, Vector space
algebra
2 B | NFvynEm (1) JIVLZER, T, N v ZERE
& | Banach space (1) Normed space, Completeness, Banach space
3 H | NFynzem (2) ENEGROFIB, EiI—RAEADORERE
Z | Banach space (2) Contraction mapping theorem, lIterative methods for solving systems of linear
equations
4 H | NFoynzer (3) B ARAOBROEFE L —BIE
& | Banach space (3) Local existence and uniqueness theorem for solutions of ODEs
5 B | NF vz (4) R—THES, ELGER
& | Banach space (4) Banach space (4)
6 B | E~ULRZERT (1) WTEZRR, EL~UL R 2R, JBINER, 334K
Z | Hilbert space (1) Inner product space, Hilbert space, strong and weak convergence
7 H EL~ULRZERE (2) BERXEEHN, BROBEE
= | Hilbert space (2) Orthogonal complements, Orthogonal decomposition theorem
8 B | e~ bR (3) EREXR, TEREMRBERR EHRBEREE, -7 7/L0%ER
% | Hilbert space (3) Orthonormal systems, Complete orthonormal systems, Orthonormal basis, Parseval's
identity
9 H|ELRLVIERMEOIERAR | BRERIERZOEER LS
(1)
Z | Operators on Hilbert space (1) | Definition and examples of bounded linear operators
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& | Operators on Hilbert space (2) | Operator norm
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(3)
& | Operators on Hilbert space (3) | Inverse operators, Neumann series, Compact operators
12 | B | erxLibZELEoEREZ | HEERR HEERAR BCHEKERR 122 VA%
(4)
Z& | Operators on Hilbert space (4) | Projections, Adjoint operators, Self-adjoint operators, Unitary operators
13 H | 2Ax7 bLEeEEE (1) 2R ML EERE
| Spectrum and eigenvalues (1) | Spectrum and eigenvalues of operators on Hilbert spaces
14 H | Ax7 bLEEEE (2) EBBEHROHER, a7 MEBRORARY MLHE
Z | Spectrum and eigenvalues (2) | Examples of calculations of eigenfunctions, Spectral decomposition of compact
operators on Hilbert spaces
15 | B | Ax7 bLEEFE (3) ZRY P REBOIA
| Spectrum and eigenvalues (3) | Proof of spectral decomposition theorem
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Z | Each lecture includes new notions, terminologies and notations. To learn them effectively, each student is strongly

encouraged to take handwritten notes by oneself and review them after the lecture. Each lecture requires more than 2 hours
for review and exercise.
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Textbook:
"Suugaku no Tobira, Kansuu Kaiseki, Kihon to Kangaekata"
Shingo Takeuchi, Shokabo

HARFR(T0%) B L UL — FEREBO%)IC L VEHES 5.

The grades will be based on the results of the final exam (70%) and reports (30%).
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= | You are required to clarify citations in your reports. You cannot submit reports written by other people as your reports.
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