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2EDEK - 2 Objectives and Outline of the Course
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I | Inthis class, students will study basics of functional analysis. We treat the set of functions as spaces, and study it via linear
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.

F2BDEEBRE Learning Objectives
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EL~UL N ZERICEEY 2 ERNEEE EET 5.
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I | To acquire theories of abstract vector spaces, and to understand definitions of Banach spaces and Hilbert spaces.

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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B EZEDEMEDFHEEX / Fulfillment of Course Goals (JABEE BEER}H 0 &)

H | EENSBELY LCBELT, BANGBETERE S 28601 ROHON 5,
EMMNEEL —ISEMRL T, EANLGHEMECEREZ 52 2801 ROLN 5,
ERNEEOEENMANT, ERNATERBECERICEIETERL,

ERNERZERL TOARL,

Student has well understood basic items, and is deemed to have ability to provide correct answers to applied problems.
Student has understood basic items, and is deemed to have ability to provide correct answers to basic calculations.
Student has understood basic items only in fragments, and cannot reach correct answers to basic calculations.
Student has not understood basic items.

REEHEEE Course Plan

No. IEH Topics AZ Content
1 B | RS 5 0%EfE BEOME, N7 bILEME
% | Preparation from linear | Introduction, Vector space
algebra
2 H | NFvnzER (1) JIVLZER, TEfEtE, Ny N2
Z | Banach space (1) Normed space, Completeness, Banach space
3 B | NFoynE@ (2) WNBEHROFE, EiL—RARADORERE
Z | Banach space (2) Contraction mapping theorem, lIterative methods for solving systems of linear
equations
4 B | NFvnE@ (3) BHOARADEOEE L —EH
Z | Banach space (3) Local existence and uniqueness theorem for solutions of ODEs
B B | NFvynEm (4) LR—=TEs, SELER
Z | Banach space (4) Banach space (4)
6 B | E~uLRZERT (1) WTEZRI, EL~UL R 2R, 3BUNER, 334Uk
Z | Hilbert space (1) Inner product space, Hilbert space, strong and weak convergence
7 H | b~JLbhZER (2) BEXMZME, BXHHREE
Z | Hilbert space (2) Orthogonal complements, Orthogonal decomposition theorem
8 H | e~JLbhZER (3) EHRERR, TEERBERR EREXERE, —t77/L0%R
% | Hilbert space (3) Orthonormal systems, Complete orthonormal systems, Orthonormal basis, Parseval's
identity
9 H|lELARLVLIERMEDERR | BREFMERROER LA
(1)
& | Operators on Hilbert space (1) | Definition and examples of bounded linear operators
10 H|lerRLINEEEOERZ | (ERE/ VL
(2)
Z | Operators on Hilbert space (2) | Operator norm
11 |B | ARV IFZEELOFEREK | BFERR /AUl a3v/7 MER%
(3)
& | Operators on Hilbert space (3) | Inverse operators, Neumann series, Compact operators
12 | B | e Z@LEoEREZ | WEERRE HEERKR BCHEERSR 122 VAR
(4)
& | Operators on Hilbert space (4) | Projections, Adjoint operators, Self-adjoint operators, Unitary operators
13 B | A7 bLEEEE (1) Ry ML EEFE
& | Spectrum and eigenvalues (1) | Spectrum and eigenvalues of operators on Hilbert spaces
14 | B | 2~ bLEEBE (2) EEBHROFHER, 2> /0 MERREDOZIRY MILHR
| Spectrum and eigenvalues (2) | Examples of calculations of eigenfunctions, Spectral decomposition of compact
operators on Hilbert spaces
15 | B | A7 ML EEATE (3) ARG PIVHRREB DR
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| E | Spectrum and eigenvalues (3) | Proof of spectral decomposition theorem

H FEERARAT |, 1), TRRmAREE |, 1) omM@Exeies 5. B |, 1) [[CHEE] 2BBEATHDLIEHNEE L,
Z | This course requires knowledge treated in the lectures "Basic Calculus I, II" and "Linear Algebra I, II". It is advisable that
students have learned the lectures "Calculus I, II" and "Mathematics for Application”.

B | BT, HLWVER - BB - LEP’EEEBENDZOT, HTEED/ — b2 EYEBETIZ L. EREONBREAERT 5720
I2iE, BEZEBEELTED - BB% 2BEUETIBRENDHD.
%= | 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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%o

Textbook:
"Suugaku no Tobira, Kansuu Kaiseki, Kihon to Kangaekata"
Shingo Takeuchi, Shokabo

B | #REBRGO%) 5 L VHERBETOREEG%) IS L Y FHET 5.
Z | The grades will be based on the results of the final exam (50%) and assignments (50%).

= s LR—ME, XEEZSIBT2RIL. SIAERABEREICHONDEIICL, HAZEHRT I L, EZBX/5IBIRBL L, 3l
ARDIIEFEELTHRELAEW &,
CHBAPMER L7ZLAR— b2 BOAMER L7z LTIRELAEWZ &

%= | You are required to clarify citations in your reports. You cannot submit reports written by other people as your reports.
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