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LA101

LATO1 7B 1
(Special Topics in Mathematical Physics 1)

RHFRITNTH)—REERER

Jt# HZ(KITAMURA TOMOTAKA)

HZHA(Spring Semester) 2Bi{i7(2 Credits)

BAGE

(Japanese)

PHY5290

RA101 $iIEMIBYE R 1 LG RIIBE

RAUFEROEBMRICDELG)—REBEZ

To study the theory of Lie algebra in relation to particle physics.

WA T)—HKE, BITYECBDBELGRBREF S

As a reading course, we discuss the representation theory of Lie algebra.

Introduction

Lie group

SU(2)

Tensor operators
Isospin

Root and weights
SU(@3)

Simple roots
More SU(3)
Tensor methods
Young-Tableaux
SU(N)

Classical groups
Classification Theorem
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WX TIOR8, RRELEBSFMDOTFEELRAET D,

3 @ EDFEKRA00%)
RA101 $IEMIBHR 1 LA RIRE

1. H. Georgi. 1999. Lie Algebras In Particle Physics.. Westview Press (738202339)

1. {8 Jt. 2016, [EE&ER]. ALEHIAR (ISBN:4621300849)
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LA102

#MEa—F HEA LA102 EFI5EH
(Course Code / Course Title) (Quantum Field Theory)
S #HE #RZ(HATSUDA YASUYUKI)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY5490 (Language) (Japanese)
i RA102 EFIEERLARIZE
(Notes)

| $2® B#Z(Course Objectives)

BOEFROERETERTHENBIETYT,

The aim of this course is to learn basics on quantum field theory.

| 22 DAA (Course Contents)

BOEFHROEFBMIRYBDICOVWTEVFET, O—LYFEY, EEE T, BBRES. 7710V AL L—THIE. Y
CHBEEHRIFETT . EIMHATITVEY  REDTFALEHRL CETHEREICENTT,

This course deals with a perturbative formulation of quantum field theory, mainly focusing on Lorentz invariance, canonical
quantizations, path integrals, Feynman rules, loop corrections and renormalizations.

| {22 51E (Course Schedule)

1. Attempts at relativistic quantum mechanics
Lorentz Invariance

Canonical quantization of scalar fields

The LSZ reduction formula

Path integrals in quantum mechanics

The pathe integral for interacting field theory I
The pathe integral for interacting field theory II

© NS gk WN

Scattering amplitudes and the Feynman rules
9. The Lehmann—Kallen form of the exact propagator
10. Loop corrections to the propagator
11. Loop corrections to the vertex
12. Higher—order corrections and renormalizability
13. The renormalization group
14. Effective field theory

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

HLAFEFXDBHOPEREED THARBERERETOTTSV, BICBARFEICERTSDOTIIL AREERLTERE
MAERERELTTSV HELFELFELTEVTTSL KE 4 FFTICE>MERUVKZ RN THSEERHRELE
ER

| BAEETAM A % - % (Evaluation)

BHEIOHFRRKRNEG0%)/ZERNTIE RS HRE25%)/ ZHmAN DS (25%)

| TF X (Textbooks)

1. Mark Srednicki. 2022. Quantum Field Theory. Cambridge University Press (ISBN:978-0-521-86449-7)
THFRALDAHTEEHNHLMGESILERE RO XERIC B> THRRIZEDHTTIY,

| % X#k (Readings)

1. M.E. Peskin and D.V. Schroeder. 2019. An Introduction to Quantum Field Theory. CRC Press (ISBN:0367320568)
2. IRARE AN, 2014, [ZDEFiR]. BERE (SBN:4785325119)

3. IRAE A, 2020, M5NEFim (D], BERE (ISBN:4785325127)

4. A. Zee. 2010.  Quantum Field Theory in a nutshell . Princeton University Press (ISBN:0691140340)

| ZDHt (HP %) (Others(e.gHP))

;EE 18 (Notice)




LA103

LA103FHYERHR 1
(Special Topics in Cosmology 1)

INBR BR(KOBAYASHI TSUTOMU)

Fh=ZHA(Fall Semester) 2B{5(2 Credits)

AR

(Japanese)

PHY5390

RA103 FHMEBEFR1LERIEE

The aim of this course is to understand inflation in string theory.

Students learn inflation in string theory.

Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion

® o gk wN =

___
N =~ o ©

Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion

- =
W

Basic knowledge of general relativity, cosmology, and quantum field theory is assumed.

Presentation and discussion(100%)

1. Daniel Baumann, Liam McAllister. 2015. Inflation and String Theory. Cambridge University Press (ISBN:978-1-107-08969-3)
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LA104

#MEa—F HEA LA104/R¥FHEER 1
(Course Code / Course Title) (Special Topics in Particle Physics 1)
T—Y /YT AAVE i~
(Theme / Subtitle) HIEMAPT
2kt #H ZRZ(HATSUDA YASUYUKI)
(Instructor)
=3 N ETE, s
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
BBFNYLG =i BA:E
(Course Number) PHY5490 (Language) (Japanese)
('\1]?%% RA104 R FHR1LARIEE
otes)

| 22 0 B4Z (Course Objectives)

RIEROARZEBR T HLERELEY.

This course is an introduction to string theory.

| 2 DMF (Course Contents)

(BBEREHRIT 4 DOEXRMLGAER—LEIELSFOHLRATT  FRAEICEOVT, BETEFERITHIEMNHEHLL
BRAGEROBOBEREMBAICFTET LA TEET . FERBDAFIELTRY VKO E RS E EHTBIHERIT O
TEIRATEVFT,

(Super)String theory is a candidate of “Theory of Everything.” Dualities in this theory implies many new perspectives that are
usually hard to be found. We learn fundamental properties in bosonic string theory and conformal field theory.

| 122 51E (Course Schedule)

1. Preliminaries

2. The Relativistic String I

3. The Relativistic String II

4. The Quantum String I

5.  The Quantum String II

6. The Quantum String III

7. Open Strings and D-Branes

8. Conformal Field Theory I

9. Conformal Field Theory II
10. Conformal Field Theory III
11. The Polyakov Path Integral and Ghosts I
12. The Polyakov Path Integral and Ghosts II
13. String Interactions |
14. String Interactions Il

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

BOEFHRE—MBNMEEROVDFNEMEIEREATHHENEZELLTT , T, K% 3 FETITE>MEEKFED
RIEVEFEABDETY  BAFRFTALGRRERETOTTEV., BELABLLLIOTEHENLGFE - EE/RVELLRYFE
ER

| BAEETAM A % - % (Evaluation)

FRNE(G0%)/FRENICH I RE(25%)/IREA~DSME25%)

| TF X (Textbooks)

UTOER/—FFERALET . FOMRITIHELTRONDESIZLTENVTTELY,
David Tong, “String Theory — University of Cambridge Part Il Mathematical Tripos -~
https://www.damtp.cam.ac.uk/user/tong/string.html

| 2% 3k (Readings)

1. #E K. 2017, [3HETL— ) BIEENE (SBN:978-4254138023)

2. J. Polchinski. 2005.  String Theory, Vol.1 . Cambridge University Press (ISBN:978-0143113799)

3. B. Zwiebach. 2009. A First Course in String Theory . Cambridge University Press (ISBN:978-0521880329)
EBE/MOHATERIHELVSSITEESEXBICH > TRRICTEHTTEL,

-4 -






LA105

LA105” RIAYIEEYF R
(Special Topics in Astrophysics)

INBR BR(KOBAYASHI TSUTOMU)

2B f51(2 Credits)
BHAREE

(Japanese)

& FH#(Spring Semester)

PHY5390

RA105 RIAMIEBHF RSB RIRE

The aim of this course is to understand inflation in effective field theory.

Students learn inflation in effective field theory.

1. Seminar by a student followed by a discussion
2. Seminar by a student followed by a discussion
3. Seminar by a student followed by a discussion
4. Seminar by a student followed by a discussion
5. Seminar by a student followed by a discussion
6. Seminar by a student followed by a discussion
7. Seminar by a student followed by a discussion
8. Seminar by a student followed by a discussion
9. Seminar by a student followed by a discussion
10. Seminar by a student followed by a discussion
11. Seminar by a student followed by a discussion
12. Seminar by a student followed by a discussion
13. Seminar by a student followed by a discussion
14. Seminar by a student followed by a discussion

Basic knowledge of general relativity, cosmology, and quantum field theory is assumed.

Presentation and discussion(100%)

1. Daniel Baumann, Liam McAllister. 2015. Inflation and String Theory. Cambridge University Press (ISBN:978-1-107-08969-3)

The following article is also useful: https://arxiv.org/abs/1403.7377
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LA106

#MEa—K FB% LA106 FHYERHR 2
(Course Code / Course Title) (Special Topics in Cosmology 2)
F—X /Y ITEAMILE EIRILF—XKAKYESE
(Theme / Subtitle) (High—energy astrophysics)
BaRE HE B=(TOMA KENJD
(Instructor)
=3 N ET ey
(Semester) == HAth(Fall Others) (Credit) 2Bi{i7(2 Credits)
BMEFNYY =i BA:E
(Course Number) PHY5390 (Language) (Japanese)
w5 EhER: ATEE R Guidel EhERBRR 1ZHRATHIL
(Notes) RA106 FHYERH2LAREE

| 22 0 B4Z (Course Objectives)

BIRLF—REPEZEHMEL. FITT SV IR— AR T I IRILF—HROBR AN E AR YEIC OV TER
EEE

The aim is to overview high—energy astrophysics, and particularly to understand the observational properties and basic physics
of high—energy phenomena driven by black holes.

| 2 DMEA (Course Contents)

BRI TYMOH O TRN—ZALEOFIRNF—RAERED ELIT VIR LIZBH SN TS EEZ SN TV,
FTNLBEAFERE - FER- ENROWARICEREICHEL TS, FEETE. BIRLF—RAEOEBRMMEELT
NZEERTLH-OHDOHEICDONTERS,

Many of the high—energy astrophysical phenomena such as active galactic nucleus jets and gamma-ray bursts are widely
believed to be driven by black holes. They are also closely related to the researches of distant universe probe, cosmic-rays, and
gravitational waves. In this course, the observational properties of the phenomena and their basic physics will be reviewed.

| 12251 (Course Schedule)

1. BIRLEF—XRAEZOBRAMESE
XAMBZOHD A, BAhZE BEHKRE. A HhE
AR SRR

AR R EE R

BIRILY 5B

TS5 XY LK F Ik

TSy oR—ILIEER MR
TSvoR—ILEER2  &iREER
9. —MRHEREERETSVIR—ILE
10. /LY —DEEEE

1. MR HERRADOIME

12. [EERIS5voHh—

13. —fR xRN ERSE

14. TS5vIhR—ILEBSBES Ty DERE)

PN o s wN

| BEREN (FE-EETEF) DZFF (Study Required Outside of Class)

EXEEESNOZBICETHETRE. RERICISCTHRIETRT 5,

| RRABETAM 7 3% - 2% (Evaluation)

T #&L7R—(Final Report)(30%)/1% (28T 53/~ DS INE(70%)

| 7F R (Textbooks)

7L

| 3% X# (Readings)

1. BEXE., [(RASIRILEF—HR]. EKEIE (ISBN:978-4000111492)
2. EESCER. M5kt iR, EEAE (ISBN:978-4563024437)

| Z®D1t (HP %) (Others(e.gHP))







LA107

#MEa—F HEA LA107. EHHEH
(Course Code / Course Title) (Special Topics in Gravity)
Ha5% [RE %1/A(HARADA TOMOHIRO)
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY5290 (Language) (Japanese)
i RA107 ENHHREARIEE
(Notes)

| $2® B#Z(Course Objectives)

—RRAEXIER (L, 20 HICH IS ZAMBAEICEVTELLVREEZR T BRYEZCEVTRLRYIL-ENERELSHIC
ELEMMNRILLIz, CORETEHBRR MBI ROKEN R VIS AMGEREZS,

General relativity has encountered remarkable developments and established its foundation since the middle of the 20th century
to become the most successful theory of gravitation in modern physics. Students will learn the theoretical foundation of general
relativity in both formal developments and applications.

| 22 DMA (Course Contents)

BENGHEMEZLIRATRAED T XAOBEHOHELY, LR EEHLEY, BEREZMYTSHLITELT, —
RRABX R D EREEERMIABTDOVONERITDITS,

Students will learn the basics and some of the advanced topics of general relativity by reading a standard text book, in
particular, checking equations, interpreting descriptions and solving exercises.

| #2258 (Course Schedule)

1. BMBIZED|E)
2. BMBIZELDH|E(2)
3. BMEFIZLDHE(3)
4. BMBIZELDH|E (4)
5 SMEIZKSHE(5)
6. SMEFIZKSHE(6)
7. BMBIZKBHRE (7)
8. BMEFIZLDHE(8)
9. BMEFIZKSHE(9)
10. SMEFIZKDHE(10)
1. BMEFEICKDHE(11)
12. SMEFIZKDHE(12)
13. BMEICKBHE(13)
14. BMEIZEDHE (14)

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

HRMEFLER 1 B ORE (—REXROAFHNLERAR) (MEFENMERFPTHIIENEFLL ., REDFFMIZDOW
TIIEEEDEDEZERBLTREEY S, BEFEEEEITICE,

| ARABEETAM A 3% - 2 (Evaluation)

HREBRADSNN(60%)/ 52 #2 L 7R—M(Final Report)(40%)

| TF X (Textbooks)

1. Steven Weinberg. 2008. Gravitation and Cosmology: Principles and Applications of the General Theory of Relativity. Wiley
(ISBN:8126517557)

| 2% 3k (Readings)

1. V.P. Frolov, A. Zelnikov. 2015. Introduction to Black Hole Physics. Oxford University Press (ISBN:0198729111)

2. Robert M. Wald. 1984. General Relativity. University of Chicago Press (ISBN:0226870332)

3. S. W. Hawking, G. F. R. Ellis. 1975. The large scale structure of spacetime . Cambridge University Press (ISBN:0521099064)
4. C. W. Misner, K. S. Thorne, J. A. Wheeler. 2017. Gravitation . Princeton Univ Pr (ISBN:0716703440)

5. E. Poisson. 2008. A Relativist’s Toolkit: The Mathematics of Black—Hole Mechanics. Cambridge University Press
(ISBN:0521537800)

-9.-
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LA108

HMBa—F/EB%

(Course Code / Course Title)

LA108/ RiA#EZ:
(Astrophysics)

Ha5% [RE %1/A(HARADA TOMOHIRO)
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY5390 (Language) (Japanese)
ikl RA108 RIAMIERLERIZE
(Notes)

| $2® B#Z(Course Objectives)

REHBEZOEREETT 5.

Students will learn the basic of astrophysics.

| 22 DAA (Course Contents)

BRTN TV ERAERZRD SR IFHEML Newton ENERAENFELEERRF LBITBEDBASHLEITEOTEAMIC
FEFETED, CCTIE, FENTRENLGT I AN EIRATRANEZOEREZZE T 5. BRRODREREL T TES

BR-RERRORZREDSMLEL T . FITABRETEIFHYBZIZE T HRENZEFDLIZES,

Most of the observed astrophysical phenomena can be basically understood by the combination of elementary Newtonian
gravity, fluid dynamics, electromagnetism and radiative processes. In this course, students will learn the basics of theoretical
astrophysics by reading an elementary and standard textbook. Students not only from theory sector but also from experiment
and observation are encouraged to attend. This course especially focuses on fluid dynamics in the context of astrophysics.

| 12251 (Course Schedule)

SMEFIZ&DHE (1)
SMBEIZKDHE(2)
SMBEIZKDHE(3)
SMEIZKDIRE (4)
BSMEIZKDH|E (5)
SMEFIZL DS (6)
SMEIZKDIME (7)
BSMEIZKDHHE(8)
SMEFIZLDEHE (9)
SMEFIZKDHE (10)
SMBEIZKDHE()
SMEFIZLDEHRE (12)
SMEIZKDHE(13)
SMEIZKDHE(14)

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

MEBZEROKERE THNISFIGATHRMBO B EIE, 7%, Newton ES, BHRE, RENZDNTE>f=CELH
NE+HTHD, RAEANZEEROEINOEITHRINT, FHTE>TWVKTHEIV BEFEEENVDETH D,

| BAEETAE A 3% - 2% (Evaluation)

&L R—(Final Report)(40%)/ % %= (30%)/

BRA~DSM(30%

| 7F R (Textbooks)

1. IRTFEER, AT, 1996,

s s

F Rt

KAhZ]. BEEEE (ISBN:4563024309)

| 2% 3k (Readings)

1. George B. Rybicki, Alan P. Lightman,. 1985. Radiative processes in Astrophysics. Wiley—VCH (ISBN:0471827592)
2. Stuart L. Shapiro and Saul A. Teukolsky. 1983. Black Holes, White Dwarfs, and Neutron Stars: The Physics of Compact

Objects. Wiley—VCH (ISBN:0471873160)

| ZDHt (HP %) (Others(e.gHP))

| SEBEEE (Notice)

-11 -




LA111

#MEa—K FB% LA BFIT2HH
(Course Code / Course Title) (Special Lecture on Electronics)
Ha5% E15 35 H(BABA HIDETADA)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =ia BHAR:E
(Course Number) PHY5590 (Language) (Japanese)
"E EEYEFRIFERLERNIEA)
(Notes) RAII I BT THHREAFEE

| $2® B#Z(Course Objectives)

EHRETAIO R PR ERICHELG/ULRER, EFLEOEKRITDOVTES,

To learn the basic knowkedge on pulse circuits and sighal processing which are necessary for radiation measurement and
nuclear experiments.

| 2 DMEA (Course Contents)

BEHREHRITEBEMICAVGAS/ ULARBROESLEZICT OV TOHEREITI. LYEBRMWEREZELH-OICERDOMIC
fHEGEFEBEE-REHTI,

Pulse circuits and signal processing techniques, which are often used in radiation mesurements, will be the main topics of this
lecture. To give students a practical sense, hands on work on electric circuit will be offered.

| #2251 (Course Schedule)

1. BERESIMEhDLE
i, avToY, aMILDKRE
wWa, B EEg
R&EhTr—J )L
AVE—FUREFER)
AE—F R EIL(EE)
BFEREED=HDEB&R)
BFEBEEES=HDER?2)
9. ARTFUTERN:-EHREER)
10. ARFUTERV-EHES)
11. ADC [ZDL\T

12. TUAIBEEIE

13. JAXIZDWT

14. BREDT ORILEIMBN

® NS0k wN

| BEERN (FE-HEE%) D%E (Study Required Outside of Class)

B, AFTEATEERNLEF DO K.

| BAEETAE A 3% - 2% (Evaluation)

HEELUBEADSMETN)/EZERAFERG0%)

| T XX (Textbooks)

1. W.R.Leo, . 1994. Technigues for Nuclear and Particle Physics Experiments. Springer—Verlag ISBN:9.7835405728E12)

| 2% 3k (Readings)

1. G.F. Knoll, 2013, [HEHRETRI/ NV R T w ol A—L3t (9.784274214493E12)

| Dt (HP %) (Others(e.g HP))

| EEEE (Notice)

-12 -



LA112

#MEa—F HEA LAT12/ TR SR ET B4R ER
(Course Code / Course Title) (Special Topics in Techniques for Nuclear and Radiation Physics)
T VA M TR DRI B B E A A

eme / Subtitle)

S Bl F%(0ZAKI SACHI)

(Instructor)

(Se:ffter) & HA(Spring Semester) (C%e{:t) 2B {5(2 Credits)
BBFNYLG =i BAREE
(Course Number) PHY5990 (Language) (Japanese)

5 EEMEFRIEHRERWEB]
(Notes) RA112 IGHRET RIS RE S RIIRE

| 22 0 B4Z (Course Objectives)

RHF - RFRYEZOMEZEBMIC. HRRQIGE TR ELGIMIHRET AR MO ERMBESITOTHEEBRLET S,

The course objective is to learn the fundamental knowledge about the technique of the radiation measurement which is
necessary to the research of nuclear and particle physics.

| 2 DME (Course Contents)

BEAHRIRHBDORE - AL EXOXBESELLODERTH, XD ERLSLVEBELNEFTLOTRRY HREE
BLT, ARG T A LLGHHHEEFT 5.

The course contents are to learn the principle and the application of the radiation detectors by referring a text written in
English, as well as to give a presentation about their own understanding, leading to the ability useful to the research activities.

| 122 51E (Course Schedule)

1. EHBl—ARER- #iET 1

2. EHBIO—A&R- HiET 2

3. MEHREMBEOHEEER 1
4. MEHREMEDOMREER 2
5. SARRHER1

6. SIAKEHZER 2

7. VUFL—LavigHigs 1

8. JUFL—IaiRtEs 2

9. FEBABHEF

10. BE[E. B, IRILX—. EHEZDHIEE 1
1. B, B, IRIILX— EFHEF0RITEX 2
12. BEEBREIDOEEKHE

13. BEBREBOERKE 2

14. F&oH

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

RHF - RFRYEZICETIERMBEH(COTE, BREOTFEELLT. XREBAFBYICHRRT L. F£HHELOEIT
FEANBRETEO TERIDERMPVELLD, BERIIPALILEZTBORRBRIGTRILTTIELL,

| BAEETAE A 3% - 2% (Evaluation)

HEHE D= ERNERE60%)/RE&LR—NFinal Report)(40%)
BEBOBEBEIZOREKR, LIR—MIEDWTEET 5.

| TF X (Textbooks)

L

| % Xk (Readings)

1. W.R. Leo. 1994. Techniques for Nuclear and Particle Physics Experiments. Springer—Verlag (ISBN:3540572805)

| ZDth (HP %) (Others(e.gHP))

| sE&=HE (Notice)

-13 -



LA115

#MEa—F HEA LA115/ FEHBRSTHRIFR
(Course Code / Course Title) (Special Topics in Cosmic Radiation)
i JEA #Z(KITAMOTO SHUNJD)
(Instructor)
ZFHR . BfT o .
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY5390 (Language) (Japanese)
"E EEYEFRIFERLERNIEA)
(Notes) RA115 FEHBSHRIFREEGRIEE

| $2® B#Z(Course Objectives)
FFOBELEFOIRIIF—EMETERT DS, ERBELTFELT, XIROEROCRINIREERT D,

The aim of this course is understanding atomic structures. State transitions as a X-ray emission— or a absorption— mechanism
and X-ray line broadening mechanism are also included.

| 2 DMEA (Course Contents) |
FHEEHATIE BREIILOBBEHOCADIRLT—SA(TRILF—ARIN)E, WAWALRERNEON D, Kl
DXBRXZTIEXBD IR F—ARGEF-DAAFLKRBTEDSSITH->TE, ZD18, BRANSTFHEZEMRT S
=121, ERNEXBROKEHATE, LATBRORIURICOVTORBIELZEF T HENERICEEITE-TE, CDE

ET, XM HEBIIOVLTIRILY—RELZOMDER, ZTLT, BROMKRERET IRFEEET S,

Observation of the Universe provides us various images, time variations, energy spectra and so on. Recent observation with X—
rays also gives us detailed spectral information and therefore we need detailed understanding of X—ray emission and absorption
mechanisms in order to interpret the observed data. This course covers the study of atomic structure and the state transition,
and the line broadening mechanism, in order to understand X—-ray emission and absorption mechanism.

| 2% 511H (Course Schedule)
1. A Review of the Schrodinger Equation
2. One-—electron in a Central Field, Wave Functions, Spin
3. Many—electron Systems, Statistics, The Pauli Principle, Hartree "Fock Approximation: Configurations, The Electrostatic
Interaction

4. Perturbations, Level Splittings and Term Diagram, Equivalent and Nonequivalent Electrons and Their Spectroscopic
Terms, Parity, Spin—Orbit Coupling
5. Zeeman Effect, Role of the Nucleus, Thermal Distribution of Energy Levels and lonization, Thermal Equilibrium, The Saha

Equation
6. Semi—Classical Theory of Radiative Transitions, Electromagnetic Hamiltonian,
7. The Transition Probability. The Dipole Approximation
8. Einstein Coefficients and Oscillator Strengths
9. Selection Rules
10. Transition Rates, Bound-bound Transition for Hydrogen, Bound—free Transitions for Hydrogen, Radiative Recombination
11. Line Broadening Mechanisms, Doppler Broadening, Natural Broadening. Collisional Broadening, Combined Doppler and
Lorentz Profile
12. Topics 1
13. Topics 2
14. Topics 3

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class) |
TEXRACDOARE, thDZEBICHRATEDLLS, LU AFEFTHL

| PAESTAMi 7755 - 2% (Evaluation) |
READSMEN00%)
FERFDABEENCHRALSBHTHILT, BELZEDDIFETHS.

| TF X (Textbooks) |
1. Rybicki and Lightman. 1985. Radiative Processes in Astrophysics. Wiley-Interscience (471827592)

| 3% 3 (Readings) |

-14 -
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LA123

FEBEa—F #EBE% LA123 /IR B 4EFIEE 1
(Course Code / Course Title) (Special Lecture in Modern Physics 1)
T;r:;?j/j;f;;|2';% EFENEENFH-FHA (Quantum Gravity and Phenomenology)
S i £ X(NOUMI TOSHIFUMI)
(Instructor)
T , Bif e p .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
BBFNYLG =i BAREE
(Course Number) PHY6090 (Language) (Japanese)
I RA123 R ERFRIER1LERIIRE
(Notes) EhEE BREIXRGuide S EERRRIZHERTH L

| 22 0 B4Z (Course Objectives)

FRFROFHBOEBLLIEIRILEF—FIIERE UV completion NDEZFZEIZDIF. FNIZEDVWTEFEHOR
RABWAIEEZBERTELLIITHS,

The purpose of this course is to learn the concept of low—energy effective field theory and ultraviolet completion as a basis of
particle physics and cosmology, and explore possible interplay between quantum gravity and phenomenology.

| 2 DMEA (Course Contents)

REETRHIEFENLBEMLGRATFR - FHRRENE I ANE—ROMEIFN 2 JIEVSBVERDIZ, EFEAD
BEHRVAEICETDEENEREZENT H. TOBET EIRLF—FEHEROE X OREITHER. TS5voHR—I
RNFLERET HERMIABTLIERRYES,

I will introduce recent developments on phenomenological aspects of quantum gravity with an emphasis on the question “What
are quantum gravity constraints on particle physics and cosmology?” As a foundation of research in this direction, the lecture
will cover basic topics such as the concept of low—energy effective field theory, the S—matrix theory and black hole
thermodynamics.

| 2% 5 (Course Schedule)

1. BIRILX—FHERE UV completion
BELIRIEDEARMMEE (1)
BELIRIEOEARMMEE (2)
BELIRIED IEMETE &4 (1)
BUELIRIE D IEfETE &4 (2)
EFEHERELTOZKERA)
EFEHERELTOKER(2)
SURRT—TERT TSR

9. EEHEFHEOEAER~DILR()
10. IEfEMEHEOEHER~DILE(2)
1. EEMEHETSVIR—ILEAFEQN)
12. IE{EMEHLEITSVIR—ILEARNE(2)
13. RDUTSURMIEDEREEE (1)
14. RIVISURHEDOEREEE (2)

® NSk wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

BFREOETZEI AL B BETEBLEXDEHZELTICE,

| RUAEETI /5 % - Z % (Evaluation)

T I&L7R—(Final Report)(40%)/1Z A~ DS N E(60%)

| ¥ R (Textbooks)

RERICEEXHEMERFBNT S,

| 2% 3k (Readings)

| Z®D1t (HP %) (Others(e.gHP))
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LA124

#MEa—K FB% LA124 /IR RES 2
(Course Code / Course Title) (Special Lecture in Modern Physics 2)
T;r:;?j/if;;lzﬁg BEHEMEBZOEMB (Foundation of gravitational wave physics)
BSEE A &%(TANAKA TAKAHIRO)
(Instructor)
ZFHR . By e .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
BBFNYLG =i BA:E
(Course Number) PHY6090 (Language) (Japanese)
5 £hEE BIEII R GuidelEhEEHIEIZHRT HL
(Notes) RA124 MRYEZHRBR2LARIIEE

| 22 0 B4Z (Course Objectives)

HFLMOO-FHOREH THIENRKICEHT HERL. SROFHRA. FTHYEFEZEDTUKLTOREFRARDY—)L
THD. TR=OITBERLERICHO-5EHNERDOERZBEERETS S,

An understanding of gravitational waves, the newly added probe of the universe, is an essential tool for advancing cosmology
and astrophysics in the future. The goal of this course is to provide an understanding of the extensive fundamentals necessary
for this purpose.

| 2 DMEA (Course Contents)

— AR, BEV EARICET S —RMEREZZALR BRAGEARRICOVTHRET S, RIC.EERDLDENRK
BEFRICSOVNTESR, Eol2, ENRBRHOREBET —S@EFTORBITOVNTHERT H. &REKIC. ENRBREMNLENYDD
HARRITYEBIZONTHERL. ENRBEANSTONSENERDILRISH T HHRICDONTEHLLA D,

After learning about general relativity and the general basics about gravitational waves, an overview of various gravitational
wave sources will be given. Next, we will learn about how to theoretically predict gravitational waveforms from binary star
systems. Furthermore, the principles of gravitational wave detection and the fundamentals of data analysis will be explained.
Finally, the various physics that are expanding from gravitational wave detection will be described and the constraints on the
extension of gravitational theories from gravitational wave observations will be examined in detail.

| #2251 (Course Schedule)

1. —A&#x$5 1 (Introduction to general relativity I)
—Ai84E5tEE 11 (Introduction to general relativity II)
BEHRIZET 5 —iErIERE [ (General foundations on gravity waves I)
FENRICEET B —HRAIEHRE 1 (General foundations on gravity waves II)
1A EARIR 1 (Various sources of gravitational waves I)
AR E KR 11 (Various sources of gravitational waves II)
HEERMNODENKIKAFAI 1 (Prediction of gravitational waveforms from binary systems I)
HEERNODENKIKEAFEI 1T (Prediction of gravitational waveforms from binary systems II)
9. BEHRBHEET—HEMT 1 (Gravitational wave detection and data analysis 1)
10. EAHRBEET—SEHT 11 (Gravitational wave detection and data analysis II)
1. BEARBRENSIEHIDHIE 1 (Physics expanding from gravitational wave detection )
12. BARBENSIENDHIE 1 (Physics expanding from gravitational wave detection II)
13. FEARERIEEHEIHOYLIE 1 (Extensions of gravitational theory explored by gravitational waves I)
14. BHREAEEHEFROILIE 11 (Extensions of gravitational theory explored by gravitational waves II)

© NS gk wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

BE/MIBFIRRLETOT, BEBELTREICRATIZZWL, BE OO DO/NEEEFT UV SI U TIRERLETDT. £
DFRBERHL TS,

| BAEETAE 7 3% - B % (Evaluation)

H & (30%)/ /N R RB(70%)

| 7F R (Textbooks)

L

| 22 3k (Readings)

1. B &g, 2021, [#Extim]. RRRZE (ISBN:078-4-489-02364-4)
2. 8@ K, AfE JEAKER. 2018, TEHKDE]., SiEEE (ISBN:978-4-254-13801-6)

-18 -



3. Jolien D. E. Creighton, Warren G. Anderson. 2011. Gravitational-Wave Physics and Astronomy: An Introduction to Theory,

Experiment and Data Analysis. Wiley (ISBN:978-3-527-40886-3)
4. Cliford M. Will. 1993. Theory and Experiment in Gravitational Physics. Cambridge University Press (ISBN:0-521-43973-6)

http://www2.yukawa.kyoto—u.ac jp/ takahiro.tanaka/index—j.html
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LA133

LA133 /" HRHiFiH5m 2
(Special Topics in Particle Physics 2)

R (MITED

2B f51(2 Credits)
BHAREE

(Japanese)

Fh=ZHA(Fall Semester)

PHY5490

RA133 RAIFIFM2LARIBE

BRGSO EFROEREZE S,

To learn the basics of modern quantum field theories.

WA X TIHEOEFR, IS Yang-Mils EROEFILZHRT S, BHUFENRIENLEEET HAREMENHD.)

We discuss quantizations of Yang—Mills theory as a reading course. (The contents and the schedule may be revised when the
lecturer is fixed.)

1. Introduction
2. Symmetry breaking
3. Pion as Nambu—Goldston boson
4. Effective Potential
5. Magnetic Monopole
6. NonAbelian gauge theory
7. Anderson Higgs mechanism
8. Chiral anomaly
9. Quantizing Yang—Mills theory
10. Electroweak unification
11.  Quantum chormodynamics
12. Large N expansion
13.  Grand unification
14.  Protons are not forever

EFEHNAZDNINL—TYZHNTELILERMRET B,
BE, EAONIZFEVIETFRAMIBETIHETRRTEDLICTALTEEERT S,

3 @I EDFERA00%)

1. A. Zee. 2010. Quantum Field Theory in a nutshell. Princeton Univ Pr (691140340)

-20 -



LA134

#MEa—F HEA LA134/ EFIGHH
(Course Code / Course Title) (Special Topics in Quantum Field Theory)
T—XAYTRANLE ot ko o= ia
(Theme / Subtitle) EAIRELOBOR TR
AaEA Jt# b2 (KITAMURA TOMOTAKA)
(Instructor)
T _ Bif e p .
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
HEFVIST £ AAE
(Course Number) PHY5490 (Language) (Japanese)
(f% RA134 EFIHREARIRE
otes)

| 22 0 B4Z (Course Objectives)

HID OB ZE ISR IT RSN EFROERZERL, TOMEMWLRNBREEN, oI, RAFH. FHm. BRISHRITS
BERDIBZMNS HN>=REICRITHIEDEFH ERAONSEEZBET,

The aim is to learn the fundamentals of quantum field theory in curved spacetime. Furthermore, we try to comprehend " the
QFT in curved spacetime” from various fields such as elementary particle physics, cosmology, and gravitational physics.

| IBZDME (Course Contents)

Eb‘“otﬂ%""l‘ﬁ"l‘f%’)iﬁd)§¥5“li RAFR. FTHACENEREER T DL TREGKREIZES $¥(Z. Black Hole FF2ZE
BARFHEVSENDMRABEELLDSENEFRVRRERDBLIZY, AdS/CFT M EWVS-ENDEFHREERT

%Jt&)l EEGHERTHS.

COEETHE, FETHMA>RELTHOEOEFROMSOHELAEZGEOARMNEREEMRL, WRTFHTOEFELEL

R—F UV ESGERENGPF TOMFERENS>F-BEMGRRICOVNTES,

EB(ZHARETHMNIE, Trace Anomaly +° AdS FFZE_E TOIZDERA LTINS, BN >F-FZEICRITHIBZDEFiRzE L YR

BZ9 542, RAFH. THR. BNRICRTEE QOGNS B SRHEICRTLEDEFR TIRALONSG_EEZH

HY,

Quantum field theory in curved spacetime has been an important role to understand elementary particle physics, cosmology,
and gravitational physics. In particular, the QFT provides us powerful tools to explain quantum effects in strong gravity such as
black hole spacetimes, an expanding universe, and to study quantum theories of gravity related to AdS/CFT correspondence. In
this course, we deal with the fundamentals of quantum field theory in curved spacetime and examples of physical phenomena:
quantum fluctuations in an expanding universe and particle creations in strong gravitational fields such as the Hawking radiation.
We treat topics such as Trace Anomaly and field theories in AdS background if we have enough time. we try to comprehend
““the QFT in curved spacetime” from various fields such as particle physics, cosmology, and gravitational physics.

| 225 (Course Schedule)

1. BA
2. BOBEBOEE

3. RHIFAMIRENF

4. FAMREIFHSIZA

5. HHEIZDEE

6. ERFETHEFH

7. Bogolyubov ZE#t

8. de Sitter FETNETFIH
9. Unruh h8

10. Hawking 85t

11. Black Hole # /1%

12. BEBES

13. Trace Anomaly

14. HERMEIR

| BB (FE-EE%) 0% E (Study Required Outside of Class)

WX TITO7=8, RREUABIFNOFEELELET B,

| RAEETA 7 3% - 2% (Evaluation)

R RERE(35%)/ F R EIE(35%)/F K - B - HHD N E(30%)
RA134 EFBHHREERIRE

221 -



1. V. F. Mukhanov, S. Winitzki. 2007. /ntroduction to Quantum effects in Gravity. Cambridge University Press
(9.780521868341E12)

1. Bryce. S. De Witt. 1975. Quantum field theory in curved spacetime. ELSEVIER

2. Fiorenzo Bastianelli, Peter van Nieuwenhuizen. 2009. Path Integrals and Anomalies in Curved Space. Cambrige University
Press (ISBN:0521120500)

3. N. D. Birrell, P. C. W. Davies. 1984. Quantum Fields in Curved Space. Cambrige University Press (ISBN:0521278589)
BE. NBIZELCTESE XM O T AR
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LA146

#MEa—K FB% LA146 /IR RIEE 3
(Course Code / Course Title) (Special Lecture in Modern Physics 3)
T—Y /YT AAVE BIRNF—BAAVEREIA—Y- T IN—F2 - T5XIH8ERH
(Theme / Subtitle) QCD 1B#EE. FHNPOEEREE D ETFRNEO ST EEE. BR A
BEES I H—(ESUMI SHINICHI)
(Instructor)
T , Bif e p .
(Semester) HFFHAMth(Spring Others) (Credit) 2B {3I(2 Credits)
BBFNYLG =i BA:E
(Course Number) PHY6090 (Language) (Japanese)
e EhER: ATEE R Guidel EhERBRR 1ZHRATHIL
(Notes) RA146 MR YEZHRBERILARIEE

| 22 0 B4Z (Course Objectives)

BUOVBEERAN KR TIHEHR. EREFEERROBLIDIRR, V94— IL—F>2-TSXT+ QCD HHRIDE &L EF
BT 5. EIRILX—E/FURER-BITOEEOBEOERERIZDITS,

In order to understand a new state of matter called Quark Gluon Plasma (QGP) and QCD phase diagram, the experimental
technique with high energy heavy ion collisions and physics data analysis methods are described. The recent experimental
results and their interpretations are discussed.

| 2 DMEA (Course Contents)

BIRLNF—BEAAVEERIG. 94— T I—F - TS5AT(QGP)HEDMEBIZDNTES, CRETO/N\ROVEEDLE 4
UEEERICEITS. VI N—FEEHERVWTEONZERE., £MES. TRIILF—BL. N\FOVERGEICETIHME
HROHERREFLEOLEEEZH 4L, QCD HE4° QGP fBERFICDLVTES,

Experimental methods with high energy heavy ion collisions, physics data analysis with soft and hard probes, various
temperature measurements including freeze—out stage, collective expansions, partonic energy—loss, hadronization mechanism
are described for understanding the nature of QCD phase diagram and Quark Gluon Plasma (QGP) phase transition, and
possible existence of Critical Point.

| {2251 (Course Schedule)

1. experimental techniques of high energy heavy ion collisions
particle detection technologies
initial and freeze—out temperature
chemical and thermal freeze—out

collective an—isotropic expansion
partonic energy loss and jet quenching
direct photons and penetrating probes
9. J/psi, Upsilon suppression
10. higher order flow harmonics and small collision systems
11. particle correlation and source imaging
12. global polarization and chiral magnetic effects
13. first order phase transition and equation of state

2
3
4
5. collective radial expansion
6
7
8

14. critical signature and fluctuation

| BEEMN(FE-BEZ) D% (Study Required Outside of Class)

Related experimental results and theoretical interpretations to be searched and studied with published journals or preprints
from the experimental groups or from the theorists.

| RAEETA /% - 2% (Evaluation)

B#&L fR—k(Final Report)(40%)/questions and discusions(60%)

| T A (Textbooks)

7L

| 2% 3k (Readings)

| ZDHt (HP %) (Others(e.gHP))

-23-
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LA147

FEBEa—F #EBE% LA14T /IR IEBERIERIER 4
(Course Code / Course Title) (Special Lecture in Modern Physics 4)
il KEMESE DR LMHREE XSO RRRIEZRA DS
(Theme / Subtitle)
S $5iK 5 E(SUZUKI HIDEHIKO)
(Instructor)
T , Bif e p .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
BBFNYLG i BAREE
(Course Number) PHY6090 (Language) (Japanese)
e EhER: ATEE R Guidel EhERBRR 1ZHRATHIL
(Notes) RA147T R MEFRANERILERIIZE

| 22 0 B4E (Course Objectives)

RAENZERNPIZEBESVRI[INZOERZEBR/L, HIKOCREOARRVATLTREISZESHLATIYERRD
RAREZERIILEZARBRDBIRLT D, FAKYEICE THRBAMEIZOVWTERET D,

The purpose of this lecture is to understand the basic physical mechanics of the various atmospheric phenomena by applying
atmosphere physics which is based on the fluid dynamics and the thermodynamics of the gas.

| 2 DMEA (Course Contents)

ERYEETIEELDBREROAEEYEZ TR T -0, BROBHEM, ZRNRy—ILICKRBEGHENTEERANS. &
REDHF T, TDIIBEZAS - FEOEREMRGT D, ARFXODRFTHINICI>THRONIMAEHEKORETES
DTWRAKAERRICHLCGERAT 2 HEEHHRL. TENODANZXLDRENBERATRETHH_EETRT .

In atmosphere science, a specific analysis method optimized for the time and spatial scales of focusing phenomena is applied to
describe their substantial behavior. In the former part of the lecture, the basis of such an analysis method is introduced. In the
latter part of the lecture, the capability of the method to understand the physical mechanism of several basic phenomena on
Earth and the planet’s atmosphere is demonstrated.

| 2% 5 (Course Schedule)

1. RRWEBZEOBER
AREZDEWSIVEEIZKYBONI B OBER

2. RRDEFAERICESZITLHIHDEH
EHDE. HEH.ERNVEEAQVAAERD)

3. RROMEDYEVLDOR : FHKEFHE
RT—INARDERETDHE

4. EWH LB
Euler % & Lagrange Z DS . FERIRE R THD WA

5. [EIEGEKERDEBAERXNER T —ILEEMNT
HEFLRBRERT—ILOBREEHRSIARERRX. DA RTUIvILBEDEA

6. R7—ILEEMICLSHMERALOEE, OXE—HDEA
HEREREDARE—HEZDEE DY

7. EHRORBIUREEIGLINES
EHROXDRT— LT

8. BAEAEX(TRIILF—FHENX) BLCEB A EHEBBRE
ARDRE. FRELIF

9. RRFDKADEREEBEHRKDBERERHE
BNEEATISL(IRTSL)DFRICIZEESENHERE

10. ARXROKXKTEH~DICH
EHERE. S5E. BRE. FER. & RGEDEME

1. BERLKETST.BE
ENZERBEOHRICLIEHEIMOHTE

12. REAERNERK[DEEHHIKE

13, HhER K SUANEE D K A% A R
BERRRMEDORLH

14, BEXSWEOXZHARLE

| LB (FE-EE%) O%E (Study Required Outside of Class)

BNE, 5t HhE, ETHFOERNTBSTERLTODIL, MEBHE (RIMLEN, MaABRRGE #E/BLTHL
EMEELLY,

- 925 -



RIEIBETIRTT DL R—M60%)/12EA~DS N E(40%)
SMEFEEPIITSHERTOES ICHT2EEELRELTMT D,

1. J. R. Holton [EAN. Dynamic Meteorology. ACADEMIC PRESS
2. IMNEEX. [ BRRE] RRRFHRE
3. MEFKER BIBZERR, [KREFIFHEE 3 THBERBEOXRR]. RERAXFHIRES

- 26 -



LA148

MEa—F &E4 LA148 /R 2 KSR
(Course Code / Course Title) (Special Topics in Physics of Planetary Atmospheres)
E Ky
il HO E(TAGUCHI MAKOTO)
(Instructor)
=y o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY5390 (Language) (Japanese)
ikl RAI48 EXSMEBRRLSFIEE
(Notes)

| $2® B#Z(Course Objectives)

BIEFEOHET—FICEETIRERIBERIZONT, HRICHELZIBEEICDTD,

The aim of this course is to acquire knowledge of phenomena in planetary atmospheres concerning a study of each student.

| 22 DAA (Course Contents)

REXRKICEETIZEMSHTORBELHXNFOXNBRETAT, ELEETCOMBICLEGEMMBOFEERICDITS,
XEHDOABL BEEOHRT —VEHEL, RIEVNEBRDONIELHETETET 5. BEBEETHONCOHFTATE-XION
BEBNL, RRERTELBENHE -BHRT 5.

[BE]INFETICHRALXE:

E. J. McCartney, Absorption and Emission by Atmospheric Gases

G. G. Shepherd, Spectral Imaging of the Atmosphere

S. J. Bauer and H. Lammer, Planetary Aeronomy

G. W. Petty, A First Course in Atmospheric Radiation

S. W. Bougher, D. M. Hunten, and R. J. Phillips, Venus II

J. R. Holton and G. J. Hakim, Dynamic Meteorology

We read a textbook or a scientific paper on a study field concernng planetary atmospheres, and acquire expertise and technique
required for a study in the master’s course. The field that seems to be the most effective will be selected among a variety of
studies by students. Students are requested to read the literature prior to a class and to introduce its content in a class. A

lecturer comments on questions from the students.

[Exapmles of literature]

E. J. McCartney, Absorption and Emission by Atmospheric Gases
G. G. Shepherd, Spectral Imaging of the Atmosphere

S. J. Bauer and H. Lammer, Planetary Aeronomy

G. W. Petty, A First Course in Atmospheric Radiation

S. W. Bougher, D. M. Hunten, and R. J. Phillips, Venus II

J. R. Holton and G. J. Hakim, Dynamic Meteorology

| {2251 (Course Schedule)

1. Aoha4 523y, EBHTANHOEE, BRSEORE
B
B2
E3
Ea
B
56
Eie7
9. &8
10. 59
11. #EH10
12. F#EH11
13. #E&12
14. 13

® N gk 0N

| LB (FE-EE%) O%E (Study Required Outside of Class)

XBEHRATERELTDI L, BRTERN O -BEREBEL T,

-27 -
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HEDFERFITHENT D,

REDISEERNT D,
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LA149

#MEa—F HEA LA149 /R E MR
(Course Code / Course Title) (Special Topics in Planetary Physics)
Ha5% ®HA EZE(KAMEDA SHINGO)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY5390 (Language) (Japanese)
LS RA149 BEMERBHLA FEE
(Notes)

| $2® B#Z(Course Objectives)

REVBICHIIMRHERERAS, RETREES TV IMERREERT D,

The aim of this course is to understand the phenomena occurring on planets from the results of research on planetary physics
and

| 2 DMEA (Course Contents)

REICEHAITIHABEDHDVIIRRANETA, RFOMRICAITTERT S, BMIT, SEBLEOHART—EZELTRRT
%o EXRMIZIPRIKICET OME, RNREICHTIEEFERD . RBLEIEMETRAHED, BERARHMLHSITONT
FEHHEATIR—FT S,

We read textbooks or review papers on the planet, and prepare for the latest research. The materials are selected according to
the research theme of the students. Basically, we deal with physics related to small bodies and topics related to exoplanets.
Students will read through the materials, and the lecturer will support the parts that are difficult to understand.

| 12251 (Course Schedule)

1. HAFUR

INKE (BT BEmEER()
INKE (BT BEmEET(2)
INREIZBT B CEEH )
INKE (BT BIREETG)
INRE(ZBET BERG
INEK 2 (CBHT HEm I EARR(6)
%%%Et%?é%ﬁﬁmm
9. RNRECEHTIEES
10. RNREIZHTHEES
11. %%%Et%?é%@ﬁmw
12. %%iilﬁ?éiﬁé
13. RANREICETDHHXE
14. RNREBICEATHmERT)

© NS gk N

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

REMPOREREICEHTIERMTMBIROLND REMANEEZNLTEROERETICE,

| PAEETAMi /5% - B4 (Evaluation)

ERSEAF DS NN E (20%)/ Sz D H RN B@0%)/ BT —IFHKEZDLHR—M40%)

| TF X (Textbooks)

7L

| % X#k (Readings)

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)

-929 -
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LA150

#MEa—K FB% LA150 B LRI X —FEHYEZHR
(Course Code / Course Title) (Special Topics in High Energy Astrophysics)
FT—/YTRANILE - S i b At 0 A T i i
(Theme / Subtitle) SLIRIILF—FEHNOESREHRDFEHEA
BSEE ILE E(YAMADA SHINYA)
(Instructor)
=3 o ET ey
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
#MBFoNYLH =8 ZDith
(Course Number) PHYS393 (Language) (Others)
il RAI50 BIH L ¥—FHMEPHRESFEE
(Notes)

| 22 0 B4Z (Course Objectives)

COBRETCREIRILY—FENEFOEROERZEHET. FERROP T, IT5vIF—IL, BHFERK. /LY — 4
MMV, M, FFRMEFHERERICOVTELN, BIRLX—OFHEREZERHBEES,

The course aims to deepen the understanding of high—energy processes occurring in black holes, supernovae remnants, pulsars,
relativistic jets, and other sources of non—thermal emission.

| 2 DMEA (Course Contents)

X#R, BR. AVBOFHBRAIZKY, FRHLEHLVFHEOBBEARZ TE BIRILF—OHF L. £ OEIHESF
L\ HIERANFERELTUY D COBRETIE, TOEBELGLIMEBEREROERE BIEL. A EX R, EHHE. JFRNTK
55E BEDOHEFYRELIL, BEEZROTPHL,

Radio, X-ray, and Gamma-ray observations revealed the existence of non—thermal Universe: a broad range of processes related
to the creation and propagation of high—energy particles. In this course, one focuses on the foundation of phenomena critical for
the understanding of processes taking place in various sources of high energy emission. This includes the special relativity,
radiation transfer, and the most relevant non—thermal radiation processes.

| 2% 5 (Course Schedule)

1. BIRLF—FHRZOBN
gt @EG)

) Cipar o)

AT AFER)
FHRSHRE LR
FHRSHRE LR
BEEEISvIHR—I
BEXEEISvIHR—IL
9. FHEK

10. FHEBBDOER

1. TL—H—

12. BFHERE

13. HHFEPO/IIRE
14. FHOKREHEE

® NSk wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

MEBZOEBELGLIBEHRFE. NF. RANZZEAL TS ET, FHERROERLRES-O . ERABEKRLTIS S 38
H. PEBIVEEBTHICEAZELL,

| BAEETAE 7 3% - B % (Evaluation)

Bi&L HR—k(Final Report)(30%)/Ex#&T X ;(Final Test)(25%)/in—class work(20%)/mid—term test(25%)

| TF X (Textbooks)

FERMIBIEELEL A,

| % X#k (Readings)

1. Hale Bradt. 2014. Astrophysics Processes: The Physics Of Astronomical Phenomena. Cambridge University Press (ISBN:978-
1107677241)

| ZDHt (HP %) (Others(e.gHP))
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LA201

MBa—K ®B% LA201, 7 8 %15
(Course Code / Course Title) (General Relativity)
T—RAYTRAMLE  hnAgagia
(Theme / Subtitle) MRAR R AR
S [RE #1/AE(HARADA TOMOHIRO)
(Instructor)
ZFHR . By e .
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
BBFNYLG =i BA:E
(Course Number) PHY5390 (Language) (Japanese)
i CB116 EiRMIEFHET 1. RA201 AXREERIZHE
(Notes)

| 22 0 B4Z (Course Objectives)

— A R OBERLTRNEEERET D,

This course introduces the basics of general relativity.

| 2 DMF (Course Contents)

FEEENDOEBIERTHLA— MMM DOVTHEREZITI —MREXRIT. ChETICSLDREERBREEMEETYITL
TE= TREARWLGEZA L. SOHLP LD FNOERYEZECENEAEIFORRYBEFEICLOTRIEDTERL
LDELGO TN REEFHEEERRET D,

This course is a lecture on general relativity, a theory of spacetime and gravity. General relativity has passed many
experimental tests with high accuracy. Its basic ideas are now essential for theoretical physicists in all fields and experimental
physicists in gravitational physics. This course is designed for beginning students.

| #2251 (Course Schedule)

1. — AR OBLER
2. HERERC)
3. HEEMER(2)
4. HERER(I)
5 HEMERE(4)
6. HERIER(5)
7. EAOEHBELTO—ARMEXIER (1)
8. EHOERELTO—MRABXH(2)
9. —BHERMBICLIENYEZ()
10. —RAEX/ICKDENYEE(2)
1. —fi3HxRICKDEHYPEZ(3)
12. —RAEHICKDENYEE(4)
13, — R /ICKDENYEE(5)
14, —iRHXERICKSEHYPEZ(6)

| BEREN (FE-EETEF) DEFE (Study Required Outside of Class)

THZ 121 THAED 1-21- TR 121 - TEBHEKFE 1-21-THEHE 1-21- TRBEEF |- THRAMEZFHR I THRONLD
RBIFEREHTHHILERHRET D, SOIZIFRANZ N TBERIAZITHRONDINBREETEHHINIERHTHLIIL
MECEFEND, BRIDREDEETZLT12&,

| RRABETAM 7 3% - 2% (Evaluation)

50 ER(Written Exam)(80%)/ T #& L 7R—(Final Report)(20%)

| TF Ak (Textbooks)

1. {ERAKHER, 1996, [—HEHExIEm]. EEERE (ISBN:4782812051)
BWEIT)ULEERMNT S,

| 2% 3k (Readings)

1.I) 7 SV (B). A TL Y7Pyy &E). Bk BE GR.1978. [FOHEHE (FREFE 6 ). RRKE
(ISBN:448901161X)

2. RIS, 1996, [HxIEER]. BIKENE (ISBN:4000079298)

3. Bernard Schutz (). ;TE O RA (GR). ZMH#E BE (GR.2010. 5 2 ik P avy HExHAM | $$5Ex®H. LE
(ISBN:4621083104)
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4. Bernard Schutz (&), IE0 R’a GR). Zf# 85 GR).2010. % 2 bk vy BRRAM I —#MEXER] LE
(ISBN:4621083112)
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LA202

#MEa—F HEA LA202/ RHIF 5
(Course Code / Course Title) (Particle Physics)
T—XAYTRANLE N
(Theme / Subtitle) BOEFHRAP
S AT #—EBERKINOSHITA SHUNICHIRO)
(Instructor)
=5 e B oy o
(Saimesiy) & #11(Spring Semester 1) (Credit) 2Bi{#(2 Credits)
HEF> ST =% P
(Course Number) PHY5490 (Language) (Japanese)
"% CB117 EBRMIBRET 2, RA202 RHFREARIZE
(Notes)

| 22 0 B4Z (Course Objectives)

BRYEZORBTHISDEFROEREFZSENERTHS,

The aim of this course is to learn the basics of quantum field theory, which is the foundation of modern physics.

| 2 DMF (Course Contents)

BOEFHRIERAPEBRZIZEVWTEEREGREERLTWS, AN5—15H, IVRVIIVG, T4V EOERNEELS L UE
DEFLOEFEZRET . HH 4 A.6 Alc2avEGl TR TREEZTI,

Quantum field theory plays important roles in modern physics. In this course, we attempt to understand basic properties of
scalar fields, Maxwell fields, and Dirac fields, and quantization of their fields.

| 22 51E (Course Schedule)

1. AvkaE S 3Y

HHEIBA) HS5/-TILRY HREK
HHIB(2) v IR )L AER
HHRIFEQ) T4V HER

T4V ABROHEEN)

T4V ARBRROHEER)
=R

BER R

9. BOERLIERRE

10. XFFESREFE

1. EE=FIE0N) RAT—ED=FIE
12. EEEFIQ) T143VIEDEFIE
13. E#EFIQ) YORVIILBEDOEFIE
14. R7UHLRE

® N ok wN

| BEBERN (FE-EE%) O%E (Study Required Outside of Class)

WX TTFRANERAED T RRELE BT ALGRRERETI. COR. XOBH-EHROTHFANABTDE
NIEYDEMEIZEHBHE,
F- ERRIBUBLEBRICSMTELLS>FEETI,

| BAEETAE A 3% - 2% (Evaluation)

HEHEIDOHKRNE(60%)/ 5/~ DSNN(40%)

| ¥ R (Textbooks)

1. IRAKRE AN, 2014, [SFDOEFiH]. EFEE (ISBN:9784785325114)

| 2% 3k (Readings)

1. M.E. Peskin and D.V. Schoeder. 2019. An Introduction To Quantum Field Theory. CRC Press (ISBN:9780367320560)
2. A. Zee. 2010. Quantum Field Theory in a Nutshell. Princeton Univ Press (ISBN:9780691140346)
3. IWAE A, 2020, [BOEFHH (D], BEE (ISBN:9784785325121)

| Dt (HP %) (Others(e.gHP))
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LA203

#MEa—F HEA LA203./FE#HEZF
(Course Code / Course Title) (Cosmology)
T—Y /YT AAVE , .
(Theme / Subtitle) Introduction to Physical Cosmology
E Mz
R HiFE H2K(TANAHASHI NORIHIRO)
(Instructor)
=5 e T ey o
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
HEF T =8 AAR
(Course Number) PHY5390 (Language) (Japanese)
e OB118 BRUIELWRS, RA20S FHMELLAFER

| 22 0 B4Z (Course Objectives)

YEZICHEDWEFHAOEBRNEEERI(C D5, HEOTXALMEFATERL, BHY DS ETHRIZHEAT S, &0V
FEXAALILIZIENDS,

The aim of this course is to help students understand the basic concepts of physical cosmology by reading a textbook written
in English.

| 2 DMEA (Course Contents)

RETEMEFHRBOBRNT I ALDOWBEL LS, RREE. FANHELIBDERARAATINTOHEZES L
THEFEL, RR/—MEERT D BRETE, ZFR/—IELLITHREZLEN OB DEETHIRIZRAT 5. RREUINLE
AICFPEZL, REDICRREBICERMIILELTERELENCERERD D HEKBFBEEHRRALE L, BIEE
DEBEYITD,

This course deals with the basic concepts of physical cosmology.

| {2251 (Course Schedule)

1. A45ZUR

ERMULGHRAEE 1. —BEAFTH. FARE FEEIC J:é?si%t;%;ﬁ
ERMLGHBER 2. IMVOKRERBS FEEIZLDIRREESR
Za—b+UEANL—REXHRAS FEICKDIREREER)
AN—RY A —h—EtEEE (BEICKIREREER)

FA AL HFRBRET)—RTU AR REICIDIHREER)
FEHBETIV 1 (BEICKEIEREER

FEHBETI 2 (FEIC J:é’%éi&;%;ﬁ

9. FEHR/NTA—Z (BEIZLIRREESR

10. #—9353— (FPEICKDIHRREER)

1. TAU0REEMHOME (REICKEIRKREER)

12. AVTL—23 T E (BEICKIRREER

13. BEAFKEMICKDEERR 1 (BEIZKDIREREER)

14, ENTREHICKIBERRK 2 (FEICIOIREREER

PN o s LN

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

— AT ER IR T A AN IFATRELGE VAN, A ATL CERYBEFER 1M MERIE T D EERHET D, NEORHE
xiE. BHSKE. Mt 0% EFNRCETLHABIAIRET S, T RENZOMBIHoMAALEELL,

| RRABETAM 7 3% - 2% (Evaluation)

FERDRNE(35%)/FZHADSNE35%)/ $E DL HR—EREBE0%)

| TF X (Textbooks)

1. Barbara Ryden. 2016. Introduction to Cosmology 2nd edition. CAMBRIDGE UNIVERSITY PRESS (ISBN:1107154839)

| 5% X ik (Readings)

REPISEERNT 5.

| Dt (HP %) (Others(e.gHP))

FEREZEIIBREIE1ADER (HIF VR B THET S,
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LA205

HMBa—F/EB%

(Course Code / Course Title)

LA205. $ 3238
(Mathematical Physics)

T—X /T EARILVE
(Theme / Subtitle)

BEOEFHMAM (GRA)

S AT #—EBERKINOSHITA SHUNICHIRO)
(Instructor)
e o T iy ot
(Saimesiy) & H#2(Spring Semester 2) (Credit) 2Bi{#(2 Credits)
HEFV ST 5= B
(Course Number) PHY5290 (Language) (Japanese)
(fffs) CB120 RIS ARG . RA205 BIBMIES LA RIS E

| 22 0 B4Z (Course Objectives)

BRYMEZORBTHIGEDEFRICEVTEIROEREZSENBETHS.

The aim of this course is to learn perturbation theory of interacting quantum fields in quantum field theory.

| 2 DMF (Course Contents)

BOEFRISERMEZCEVTERZRREERLTWS MEERTIEFIBEHOMNI=OIC, EEGR. BIRESET

. I7AR VA KYCHRBREDERERIEY . BH 6 A.7 AlC2avERL THER A TREEZTS,

Quantum field theory plays important roles in modern physics. In this course, we learn perturbation theory, path integral

guantizations, Feynman rules, renormalizations, in order to deal with interacting quantum fields.

| 22 51E (Course Schedule)

1.

9.
10.
11.
12.
13.
14.

® N ok wN

2N =LA
HEERZLOEBOEFH()
HEERZLOEBDEFH?)
=B E IR IBO)
IR L HAEQ2)
BEES()

BREENQ2)

RERESQ)
BEREVVIDTEE
T7AUIZATHSL0)
T7AUIBATHSL(2)
T7ARBATT5L(3)
<YZH)

<YZH2)

| BEBERN (FE-EE%) O%E (Study Required Outside of Class)

TERYMBEEER2-RATFRIZEEBLTOSIENEELLY,
G R CTTRRMEGRAED T FRIELF I+ DLRREREZITI. COBE. ROBH -EHPTHFAMNNEDE
DITYDIBREICEH DL,
Fi- ERRIBUFIEBRISMTESELSIFEETI.

| BAEETAM A % - % (Evaluation)

HEHEIDOHKRNE(60%)/ /DS NN(40%)

| TF X (Textbooks)

1. IRAKRE AN, 2014, [FDOEFiH]. EFEE (ISBN:9784785325114)
2. IJ/WARE A, 2020, [BEDOEFH D). EEE (SBN:9784785325121)

| 5% X ik (Readings)

1. M.E. Peskin and D.V. Schoeder. 2019. An Introduction To Quantum Field Theory. CRC Press (ISBN:9780367320560)
2. A. Zee. 2010. Quantum Field Theory in a Nutshell. Princeton Univ Press (ISBN:9780691140346)

| Z®D1t (HP %) (Others(e.gHP))
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LA206

#MEa—F HEA LA206. ffizt#EE%
(Course Code / Course Title) (Statistical Physics)
T g7 s FUULRIT—HORBERE
S KAR $%(OKUBO TSUYOSHI)
(Instructor)
ZFHR - . BfT . .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
BBFNYLG i BA:E
(Course Number) PHY5290 (Language) (Japanese)
e EhER: ATEE R Guidel EhERBRR 1ZHRATHIL
(Notes) CB121 EBimYIIEFE R 6 (AT IEE) . RA206 e MIBEELAREIRE

| 22 0 B4Z (Course Objectives)

MEtYE, EFLARBEICEBTETUOVLRINI—IRBOEREERBRL, TOVILRYNT—ITOERMUEFERTEERT
60

This course aims to understand the basics of tensor network representation in statistical physics and quantum many—body
problems and to master approximation and computation techniques in tensor networks.

| 2 DMEA (Course Contents)

TUOYNLRYRT—OD#EE - SEFLSAMBICHITHERBELT, TOVILIBYAHZELALUEELE. EFZHRKREDT
DINFIRT—ORBIZTONVTHENT D, CNODEBEELLTIDBESUVELMDEZEINSHD T, TOVILRINT—ODE
BEALEDER. BLU, IGRABICONWTEET 5,

As examples of tensor networks in statistical physics and quantum many—body problems, we will introduce approximate
computation by tensor renormalization group and tensor network representation of quantum many—body states. Starting with a
review of low—rank approximation of matrices, the lecture will cover the basics and recent developments of tensor networks and
their applications.

| 2% 5 (Course Schedule)

1. BAYBETUVILRIENT—H
THDREEREEARTVEM
BSU2588DTIILA~DHRRER
TUVIRYNT =18 A FH D ERE
TUVILFIRT =D AH DFE
TV YET =08 AH DI
FERDIUAT LAV REITHFERT
THERROME

9. THERFDEH

10. TUVIILRIRT—IRBEADEE
1. TUYLRYNI—ORBEDOEH

12. EFREIBETOVILRINT—H

13. EFRYTTEETUYILRYET—H
14. F&O

PN o s wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

BRI OFEBIHT SinIE. DECHLTHRERT 2.

| RUAEETI /5 % - Z % (Evaluation)

&L 7R—(Final Report)(40%)/1% 3 ~ 05 1N E (30%)/ & fE] L 7R —(30%)

| 7F Ak (Textbooks)

L

| 22 3k (Readings)

1. BEFRE, 2021, [TUoVILRIEI—ODEBREGA: HEHE- EFFR-HMFEE (SGC3473Y 169)], 41T R4t
(ISBN:4781915159)

R. Orus, A practical introduction to tensor networks: Matrix product states and projected entangled pair states, Annals of
Physics, 349, 117 (2014).

-41 -



https://tsuyoshi—okubo.com
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LA207

#MEa—F EB% LA207/ [RFi MBS
(Course Code / Course Title) (Nuclear Physics)
il IR E AN R T T YRS R0 LR
(Theme / Subtitle)

AaEA FHE XRERMURATA JIRO)

(Instructor)

(Se:ffter) & HA(Spring Semester) (C%e{:t) 2B {5(2 Credits)
BBFNYLG =i BAREE
(Course Number) PHY5490 (Language) (Japanese)

5 EEMEFRIERERHEA]
(Notes) CB122 [RF# - RSHEMIBFET 1. RA207 R FRYIBFLEERIZHE

| 22 0 B4Z (Course Objectives)

MEREAVERERFZ- RUFEROBARIBELCES RRIDELGEAHLGHIEEICIEN S,

To learn basic knowledge of particle and nuclear physics for the accelerator experiments, including training of the numerical
calculation required for experiments.

| 2 DME (Course Contents)

20 HACOYMBZINEICKHEFENFE, LRICHBENFECIOTHELNOERERERICHT PRGN HSER
EEELIFHEICHYILIz, COBRETIE, MERRORERLUFOERMGIFNSIED, BARKHFR ATMERERAL:
FEFMALNROY, I4—0-LTIIZED, BRNAGEZ A EEEHICRSICETRROMRMBEETRIXBDOFEEE
fRIAHLERNET D, BRLATLTERMNLGHEREERA, MIRBS TEERIDHMMEEMRHEELSIIZT S,

The 20th century’s physics has succeeded in establishing the knowledge and understanding of the fundamental origin of matter
and force, by using microscopic and chemical techniques.

In this course, basic knowledge of what was known when radioactivity was discovered, properties of particle and nuclei from
atomic nuclei to hadrons, quarks, and leptons investigated using natural radioactivity and accelerators will be lectured to
understand the underlying common concepts.

The students will be trained to start experimental research, by applying concrete examples together with the lectures.

| 22 51E (Course Schedule)

1. WEHRORR - R
2. WEMER-BHRIG
3. #mmEes2

4. HY4ooOkOr

5. SYT+—FEREL

6. EFRHOERMNMEL
7. BEERIUYOMAY
8. KR yOROY
9. NForoiyE

10. 3544 —

1. 94—o-LFto 0y
12. PBULEEERERTME
13. ZEEEREZTDOE
14. EHhoYE

| BRERRN (FE-BEF) DFE (Study Required Outside of Class)

MRF &R, TRUFEERIOAR

| BUAEETA 7 % - 2% (Evaluation)

=& I&LR—(Final Report)(40%)/1% % /—(40%)/1% 2 N ERRE(20%)

| 7F R (Textbooks)

7L

| 3% X # (Readings)
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LA209

#MEa—F EB% LA209./ [RF- > FipHEE
(Course Code / Course Title) (Atomic and MolecularPyhsics)
T—Y /YT AAVE =
(Theme / Subtitle) EFMELTERE
S L% #B—(YAMAZAKI MASAKAZU )
(Instructor)
ZFHR . By e .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
BBFNYLG =i BA:E
(Course Number) PHY5290 (Language) (Japanese)
5 EEMEFRIERERHEA]
(Notes) CB124 [RF# - aHEMIEF#ET 3. RA209 [RF N FYEBFLERIZE

| 22 0 B4Z (Course Objectives)

ARBOIEE AL, BFNFOEANMMEHEERL. RT- A FPOBTFOEPRECLERE . HTNELET T
ISIMLCHEBTES LI HBIETHS,

| 2Z DM (Course Contents)

REETE. RAHNZORBLLIEFILEDNSEEZRD, EFNERLEICESNHEFRENBL-HE. EFHEDE
AHRHEA . EOPOHFDEHEHRAL, SHITKRREF. FEFREF. D FORELIRNF—BLIMLFREELREER

WY Do

| #2258 (Course Schedule)

EFNERENE—BIHEFH

EFHZEOER

FOROHF

KEEFIABFRDNILL=TY)

KFERF N(EREAMEHREAERE)

KFRF IEHESHEH
ZEFRFIBEIRERETIL)

ZEFRF I(EFEELEE)
DFOEEETIRILT—I(H2+1F)
HFOBELEIRILF—N(HFHE., FLETRILFE—)
HFOEEEIRILF—IH2 5F)
DFOBELIRILF—IV(DFEELES . ERBELD FOEE)
ZERFAFODFEE

RIEDOREF DB

| BEBERN (FE-EE%) D%E (Study Required Outside of Class)

BRI OFEBIHT SiEnIE. DECHLTHRERT 2.

| RUAEETI /5 % - Z % (Evaluation)

LAR—FERER(Report Exam)(60%)/12 2 N THE R L 1=12 H #1(40%)

| T ¥ Ak (Textbooks)

1. REA—. 2014, [EFLE]. BFRENE (ISBN:ISBN4-00-007986-7)

2. REEWIEH. 2022, [BIRZEDOHDOEBLEIEFLE LR NF12022 FERM). 2R A (ISBNISBN978-4-
7598-1925-0)

EEEH

| 22 3k (Readings)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)
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LA211

#MEa—F HEA LA211,/ /"R iRz
(Course Code / Course Title) (Hadron Physics)
F—X /Y ITEAMILE RULRIALENFOVTHABGF P HEFHILEIZHRETRDEREFHICEITHEF
(Theme / Subtitle) BOEE
BaEE WA EF(YAMAGUCHI HIDETOSHI)
(Instructor)
= v o .
(Se:ffter) & HA(Spring Semester) (C%:;t) 2B {5(2 Credits)
HETY ST £ A
(Course Number) PHY5490 (Language) (Japanese)
5 EEMEFRIERERHEA]
(Notes) CB126 R F#% - BETEMIEEERS. RA211 N\FOVUYEELERIFEE

| 22 0 B4Z (Course Objectives)

NFOVIFEOMDE IZERTHERMFTHS. HADRLFIEL/NROVEGEFEPEFTHAIN, ThoZEBELLT
SHRGTRAFHTHEL . COBBRTIHFIC. FHICETAITROAERCHFTEDBRBERGE, AT TLVAENIELS

WFHTORFEOBEEZS.

Hadrons are fundamental particles that constitute the “matter” in the universe. The hadrons that are most familiar to us are

the proton and the neutron, which are the basis of the synthesis of the various elements in the universe. This lecture focuses
on the the role of atomic nuclei in the universe, including cutting—edge topics, such as nucleosynthesis and stellar explosions.

| BZ DK (Course Contents)

FHOBYILPTROERICEFENRILEREZRLLTVDIEAHMNS-DIE, 20 HIZFEDZLETHD, COERIC
FETIRALGTRIT, KFREMBELT BRFRRIGICE>TERSN, SHLESNTVS. CNODRFHRREDESE E
VT INUR 100 REREDHHAFE, TOR 100 BEHEVITH>THELNIRSW TELEEORIAETH LS. EFEOR
ISIFELIC, BEot, BHEREIIEDIEDHELEZONSES. COLIRRFHRRIGEH £ TERERIICHEN O HBREMN
ThnTE EAE, BIEFEHRFAD Rl E—LT7IMN)—TIF, AEARERLIENGVTRRERFHRESHEYLL,
TROEREZMRATIHANEEOTLDS, —BEFBASNLBEDN-ERRERD AN X LICLRIAEBMIF-N TRY
HLICRARE, Z<LDORELHFHET D KA TOBRBARERFRONMMDOYITONTHEEHRT SEEEFC, REZMEZDOHRE

HEERNT 5.

It was in the middle of 20th century that the atomic nuclei are found to play essential roles in the evolution of the universe
and origin of elements. A variety of elements exist in this world have been synthesized through nuclear reactions from
hydrogen atoms, which is on going even today. All these synthesis of elements mainly took place at the early universe (100
seconds after Big bang), and in the main sequence stars that have been created and destroyed for 10 billion years. Nuclear
reactions are also dominating the stellar evolution process in producing the energy to shine the stars, and eventually could
induce a supernova explosion. Challenges have been made to study these nuclear reactions experimentally on the earth. For
example, the RI beam factory (RIBF) at RIKEN, they create various nuclides which have never been produced by mankind
before, to know the origin of the elements. Our knowledge on the nucleosynthesis is still not complete,e.g., the synthesis of
heavy elements was once considered to be well-known, but recent studies revealed some deficit in our understanding. In this
lecture, an overview on the role of atomic nuclei in stellar phenomena is given, and the research method to study that is

introduced.

| #2225+ (Course Schedule)

1. NFAVEFHOEYEL

FEFZEZTDOREN

FEHTORFZDEE

TRAMEER (FH) Ot
TEREROBYE  BRREEATINDE—D
TRABOERYE2  £ISREELE IR EE
BREICEDITRAM - EvINY, £RFI2
BHERRORETRZERFZ

9. RKAKRIEOEERHE

10. HLTHLWAB=2—~J /RIE

1. FHERIE./9—RVafEE, ANC %, ThOAOKRE] &
12. EVWERFELMDIDOIBRUTREROHIE
13. rBRRXEDLNEFETERD - HEDORLH
14. THRERDEKE

® Nk wN

| BEBERN (FE-EE%) D%E (Study Required Outside of Class)
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IHRER TRASAFERFETY

L7R—k(25% X 2 [E])(50%)/ H fE BE FE (50%)
LiR—hEE R - 2RO 2EE T FETY,

1. C. E. Rolfs and W. S. Rodney. 1988. Cauldrons in the Cosmos. Chicago (ISBN:0-226-72456-5)

IHFRTREICHLTREBREERIDIFETT .
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LA213

MEa—F &E4 LA213/ FEHERSRMER
(Course Code / Course Title) (Cosmic Radiation)
i JEA #Z(KITAMOTO SHUNJD)
(Instructor)
ZFHR . BfT o .

(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)

BMBFonNYLT =g BHAR:E

(Course Number) PHY5390 (Language) (Japanese)

— CB128 TEMBMAMERR . RA2IS PERHNELL A FIBE

| $2® B#Z(Course Objectives)

EHOFHEOBSE, MR XBREVEOHEMEREREL, XRRXXETEDRIGHENMTONTLINERT D,

This course presents our recent understanding of the universe, especially based on observational results with X-ray. The
overview of the interaction between X-rays and matter is also explained in order to interpret the observational results.

| BZ DM (Course Contents)

FHEBAUTIFERENAENEHD, ZDI5D—DAXRICEEFEHEDOERRATH D, MO TIEIXRTEHRATHIXRIKE, T3y
OR—IVEORRNGRKICRoN T A, §TIE, RAKBIOBREARLL, FEAEDKRENXIRTHRATESLIIZLES
fzo TH0B5, FEAEDKEASXREMRS T EMEBRBZFOTHY, TOYMEHBERALLNE, XEDREDOHRICIE
ELBGVNIEMNRBHEIN TS,

CORETIE, FHOBEDHMBREZETL, XREVBEDHEERE, XRTANONIDNEET D, DR, LWBNDL
KAEZEXRTRALTONDILEHAT S, T, BRARKECFR. TLTRAEDIEVIRIZLMNESFETH S,

In this course, students will first learn recent concepts about the structure and evolution of the universe. Then students will
review interaction between X-rays and matter. The results of the X-ray observation, including recent topics, will be provided
and students will understand various astronomical phenomena. X-ray optics and detectors will be introduced.

| {22 51E (Course Schedule)

1. A4>ra8 523y
SR DTEE 1
MEHRDMEE2
XREMEDHEEER
XIREMBEDHEER2
XIRIRHEE 1
XERRHEE 2
BRI AR AT

9. TavTavY

10. ITRILF—RARGKNILEEH
1. EDFEYI R

12. REDFEYHIR2

13. wmEDFEYHIRS

14. REDFEVI R4

© NS kN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

EFNZFE MEFNFEEELTNDIE,

| BUAEETA 7 3% - 2% (Evaluation)

&L R—(Final Report)(40%)/T8RE, )79 ar R—s3—(50%)/ 12~ D ELY #H #(10%)

| TF X (Textbooks)

7L

| % X#k (Readings)

1. EARB =, 1998, [XERTES TSy o7R—IL]. EFEE (ISBN:978-4-7853-8678-8)
2. kAR B=  FBRML. EBAEE. 2022, [FHESZE QRAJlL BTRZE (ISBN:978-4-8446-0904-9)

| Dt (HP %) (Others(e.g HP))
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LA221

#MEa—F HEA LA221 /SR E R ER
(Course Code / Course Title) (Radiation Therapy Physics)
Ha5% #7A& FA(SUGIMOTO SATORU)
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) PHY5590 (Language) (Japanese)
"E EFMEFRIFER [ E]
(Notes) RA221 REHRAEMIBEFE LA RIESE

| $2® B#Z(Course Objectives)

BNADBEHEEREITOIRICBDEEGLIEFYEZOEBZE S, [RRERS TEHEEMELISROON S ERIHZFLHC
ENBERTHS.

This course aims to learn the basics of medical physics in cancer radiotherapy and to obtain the knowledge necessary to work
in a hospital as a medical physicist.

| 2 DMF (Course Contents)

MEHRARICBDBELREFR, REFHE, BEBEMEZSELDIC BRRBERETHEICIYERYEIARRTITIR
BOERICLND,
RENRERREN DD ITREEELRENIZATI,

This course will help you understand the dose measurement, dose calculation, and treatment techniques necessary for
radiotherapy. In addition, you will participate in a field trip to a clinical site to observe the practice of medical physicists.
The field trip will be scheduled according to your availability if offered outside of class hours,

| #2258 (Course Schedule)

1. aHERAERR

WAt AREE

TRATHRAEIERR (X - BT, AR REE1TI)
AR A EIERR (548 - ERIFIR, ATREL REE1TS)
e A ED AEETE

R EH R ARICH B EL R
MATHRARICH T DRUREEHE (RIS REF#1T5)
TR AEICB T ARIVR S5 E

9. MEHRARICEIT2REERE

10. SREEIAMESHRARE

1. BERFERITRARE

12. BHE/MRIRAE

13, MEHEARICH T IEGRNE

14, MEHRAERDEICET AT AR

® NSk wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

IAEA DN R T D g R A EIZE T 5B EE# (https://www.iaea.org/resources/rpop/resources/training—material#5) |Z B Z @
ER

| ARABEETAM A 3% - 2 (Evaluation)

B L R—K(Final Report)(40%)/HEH LUV HEZRAN TO RS (60%)

| TF X (Textbooks)

L

| % Xk (Readings)

1. Faiz M. Khan and John P. Gibbons. 2019. The Physics of Radiation Therapy 6th ed.. Lippincott Williams & Wilkins ISBN:978-
1496397522)

2. BREAETF IREX /MNEE— FE. 2009, [BEHRABEIBFOEEMELT OO OEREE. B H Rt
(ISBN:978-4884123246)

3 FMAFRE.  #wE. 2016, [HMSHERMIEZR]. EFFCHtE (ISBN:978-4902590562)

4. fh=REEL #RE. 2015, [HRSTHRETRIZE]. ERR3CER$E (ISBN:978-4902590418)

5. BK . EBEEL W&, 2019, [RSHRYEZR], EFR3CHtE (ISBN:978-4902590869)
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LA223

FMEa—F/ #B%
(Course Code / Course Title)

LA223, B2
(Introduction to Medicine)

T—X /T EARILVE
(Theme / Subtitle)

MRABEICBITAREHEA% (Radiotherapy in multidisciplinary treatment for cancer)

S EERS EA(SHIKAMA NAOTO)
(Instructor)
=) N E, e o
(Semester) Fh=HA(Fall Semester) (Credit) 2B {3I(2 Credits)
BBFNYLG i BAREE
(Course Number) PHY5940 (Language) (Japanese)
5 BERE, EEEFRIERINE]
(Notes) CKO16 EZXHImEARIRE

| B%

@ B4E (Course Objectives)

BNAZRICE T HRARERDOMEM TEEREL. BEIRIFAEFICR-TRIAZHALNT S,

The role of radiotherapy in multidisciplinary treatment for cancers will be introduced, and the role of science and technology for

medical science will be clarified.

| 3%

MDMNZ (Course Contents)

AAIZEBRTIFEABVVKREAS RN TEY . EOEBZLGERBED —DELTHAAM RERENTIESN ARG AR
ROMYMBADEATIND, BERICEITONAZRIIKREGLEE S BNABERIZEITIMEHREREFSRICITEYF®
WIEZE, SR PLEDOMBIDETH S NAMIRORE. MEREZE. SHERBT SO0 I X, FREHEMD

FRGETEBLTRCENEETHD,

KEERDESTIIBEFLDNERERKT 510, ERIOAGLY , BHEAM, MEHREM. EFYEL BRIZRL. R
BTG ERRABERRAIVIEOBIGEEN RN ELL o, AADBEREDREICIIERSEBNERZTHY . £WHEE
FTHESR. BRI PEEOHRAGEROBYABLETHY . BT RSBFORZYIDEENERLLG>TE -, AR
EROREEZEALIVRVERZRFAYT A0 BEIROHFOEBHNLERMALZFNATEY . TORREMEICOVTHRIZER
T,

Mortality due to cancers are still high, and the basic law for cancer control has been enacted as one of the important medical
policies. Knowledge of biology, physics, and biostatistics is required to learn radiation therapy in cancer treatment, and the
characteristics of cancer cells, radiation sensitivity, ingenuity to reduce toxicity, characteristics of new radiotherapy technology,
etc. In order to practice patient—centered medical care, close cooperation with various medical staffs such as medical doctors,
nurses, radiologists, medical physicists, clinical engineers, and laboratory engineers is essential. Clinical trials are important for
the development of cancer treatment strategy, and various academic fields including biostatistics, behavioral medicine, and
medical judgment are required. In order to understand the roles of various medical staffs and develop better medical care,
active contributions of the science and engineering fields are desired, and we would like to consider the possibility together.

| 3%

£1+E (Course Schedule)

1.

® N gk wN

9.
10.
11.
12.

13.
14.

UNZNOLE SRt 115

B AR

RR &AM 2 THA IEF T, ?
EERAFYIEEE MM, TLTER VI TR
EFE.FROELE. ERREHE. SHEER
F—LEE. 225 =23 - AL, EEDE

AR DBE (BRRFE. BEMARE. KABRE. MERELL)
TRETHRBEE . EARARIE <. BRI
BEHREYZE . NAMORHEERBOKF

EZ2HUARICE T AIMHRER (FIRE. 28R EALOHA)
AADEREHE (EFHR, YR Z2EHETS
EWREF. ITBESR. ERHIEE

BENFHARSAUIZREDHIZLDH ?

FEH

BRIREAERBIR ERREABRZ B ATRIYISE 5101

| BERERN (FTE-EEZE) DFE (Study Required Outside of Class)

(ERIEPHHREFEIIERDHIEDHNSMT HERTHY. BLRIHEMMBEREMNLT DEHITIBBEHALLGNIE,
RELEFEBRECHLT S,

KIREPOFERY . BFEETHS REFIBE 20 HFBRIIHEEZNV SN HEMITHUINT 5) . HROERY A R
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ERELFEICHT 5 EEELS,
MHOEPEEMICEDEETHY ., IBARZDFELLTHEHILBELWEEAROOND,
KEMEHICRIT BEELTHELCE,

BEHE DR ER/INT R M FEEEE (70%)/ R24ET X R Final Test)(20%)/ &L R—k(Final Report)(10%)
XIZEhOERY. ELITREZETHS (IREMEE 20 HBERITHEEAY U FEN M XINT 5)

1. ERIEN fh, 2021, [ERERIEGTHREZR]. EXERE (SBN:978-4-260-04217-8)
2. JE#4E. 2020, [E=EHEERL. o EZFEH ISBN:978-4-498-07918-2)

1. BBR. 2015, [EE#H: ER20OI TR EERODI LR, BIE (ISBN:978-4-524-26751-4)

AAREHEESF S https://www,jastro.orjp/
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LA224

FOMBLR A5 —2 v (EEYELT)
(Internship(Medical Physicist))

ZEH FHFKURITA KAZUYOSHI)

#A FA(SUGIMOTO SATORU)

E 8R4 (Summer Session)

1B (1 Credit)
BHAREE

(Japanese)

PHY5940

ERE, EFYEFRIER(2E]

EFVEZRERRETHD. EFYETOEROLAENEDISLGLOMNEERRBZICEVTHRERL, EFYELIIONT
BRERDD,

This class is designed for the minor in medical physics. It enables student to deepen the understanding of the medical
physicists by experiencing the actual tasks in clinical environment.

EPTEEEITI FHISOVTHRGEDIEEEDHETRITMHIC L AFERFIEXREXKR TOREETITE,

This class is an intensive training course. Details will be given by the instructors at the organization. The training will be offered
at Juntendo University Hospital in this JFY.

BHEE

REEE (1)
RREE (2)
fRREE (3)
RREE (4)
fRREE (5)
fRREE (6)
RREZ (7)
9. RIEEET(8)
10. JREEEE (9)
1. REEE(0)
12. WEEEQ(1)
13. HmEEE(12)
14. REEE(3)

® NS0k~

FRIELTRAKREHAMP LI LEOFRICEPTERT 5. FANTOTSLANDBESDLETHD, BERITOWVTIIH
THNHADTEET S,

RIGEEENSDMELERLR— TR EMIHIETT 5(100%)

EFYELRELR B THY, KERIMPARELEIVRPRBOE T EHEMLICEEASALGN,
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LA226

#MEa—F HEA LA226. X EWEZ

(Course Code / Course Title) (Planetary Physics)
s &M EZE(KAMEDA SHINGO)
(Instructor)

e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 Bi{51(2 Credits)
MBFoNILT EE BAE
(Course Number) PHY5390 (Language) (Japanese)
— 0B130 FEMIRAMERES, RA220 BEMBLL AFEE

| $2® B#Z(Course Objectives)

HEORARERBFBETHASNZRRISOVTES, EICKIEFLLGVRADBRABRORE - FEBEREICLIR
HHRERNT 5. Tz, SHRERSNTVLIRNBREDHEEZERT S,

This course aims to develop knowledge about the phenomena observed in the recent lunar and planetary exploration program;
the observation results of the astronomical objects and the latest results from the planetary and satellite landing surveys.
Students also come to understand the nature of the exoplanets.

| 22 DMA (Course Contents)

BADAREREHEICENT, ARARRGENCY, MNEERBRFOSSHARREFLBVREDBAET o7z, SR
BREFREREIOSE2 0, KEFERAENTEEN>TEY, XEREREE MMX AERFRBEICA>TNS, A/ &
2 KERVWTNLARKRZRFEAEHFLBVRETHS, KBTREINOOXKIZEHTIRFOHARER, SEOREFED
MEEMZEZSN A, KERAREZIGEVWAFTBLERAIAEFET 5. i LR EFLEFEBARBR OREHICLLE
BFEREFAL, FERKORBAICOVTEBETI NEREITDOVTIREORE2A BB ZE T o) a0 T I OEURKEE
KIZL, 2T E—2I&>THONSRERRIZDOVTRENT 5.
RKETEIMHENEGORRZRFEA DO OBICEMDBRERERNINBELEANZT>TEY, T, REVLIEZENHEDRE
[CEYBERNIICERAFET HLLTRINTIND, Fz, EFICLDIRNBEDHB LS LBEINTEY, HEKITIRE
AENEFEEINIRELRESN TS, ChoDERIFELHAFBRICOVNTES,

In Japan'’s lunar and planetary exploration program, the moon orbiting satellite Kaguya and the asteroid explorer have observed
an astronomical object with no atmosphere. Subsequently, the asteroid explorer Hayabusa2 and Mervury Explorer Mio was
launched. The Mars satellite exploration plan MMX is in preparation. The moon, asteroids and Mercury are all objects with
almost no atmosphere. In this course, we will study the latest research results on these objects and the scientific purpose of
future exploration plans. On the moon, Mercury surface is near vacuum but there is a dilute metallic atmosphere. We will
discuss the origin of the dilute atmosphere using observations from ground—based telescopes and observations from spacecraft.
As for asteroids, I will focus on Ryugu on which Hayabusa 2 performed observations and other similar objects, and introduce
scientific results obtained by sample return.

In addition, many observations of exoplanets by telescopes have been made, and planets expected to be similar to the Earth
have been discovered.

| #2518 (Course Schedule)

1. HAFUR

A KEOFEXKR

R KENHEDIRE

B KEDORIBTE
INRE DR AR
B-KE-NREDEEH
K EEREETEIZKB R
KEFEREETEIZKSHE2
9. KE-TEHEDFEEHE
10. KE-TEHEORNITEE
1. RAREOHAFE

12. RABREONE

13. ROAREDEAE

14. ROABRERZOBRHEFE

® Nk wN

| BEBERN (FTE-EE%) D%E (Study Required Outside of Class)

REMZPICHIHIERMBIDLETH S, RKEDEHEXETHNRITOVWTEELTHRO L, T, BEIOFEEITETS
WX -SEXMEIEET DD T, BRI STHBZELHTHOEMT BT L
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BRZTER X D FBIT(40%)/ FE R % D LR —MERL(40%)/ 3/~ DS I E(20%)

PEIDIRETHREERCLIZNT, SMEOHERNBTLRLEEZERBLTHEHAZRD S0, Ao DEFETHRDIREER
B 25EE(E, TENEEFIC, HAIVFEREONIERT S,
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LA352

BEIEER A1
(Colloquium 1)

MEFHEEEIHE

FhEBAfth(Fall Others) 1B (1 Credit)

AR

(Japanese)

PHY6800

REIRIZHE A-B LARIRE

MESFICETIEBERDDHEEDIC, BDSHICHTHEHEHT, BLEVABEICMNICEEBIRET 5, SoITHELDH
RBEREOMLEEIEY .

The aim is to deepen the understanding of the research area of students, expand their interest and understanding to the
surrounding areas and improve their presentation skills.

WERIFICELIZRXOT I RO, BoVITHERBTICELTORRZEL TERLEREZRD S,

Students deepen their understanding by reading and introducing the relevant papers and textbooks and by presentation and
discussion on their research theme.

1. ERE&E(1)
2. #HE(2)
3. EjFE(3)
4. EHEE(4)
5. #wE(5)
6. EjzE(6)
7. EE(7)
8. EjzE(8)
9. EjEE(9)
10. E®E&(10)
1. EFEO1)
12. #wEE(12)
13. EwEE(13)
14. #HEE(14)

REBERQGEITOVTRHERSN-HAZEDHERIZHRIZ L,

BHoDFEROAREEIZLDIBEADSIMEN00%)

RESN-HMEZDHETRITRSIL,.

RESN-HMEEDHETRITHSIL,
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LAS61

FEBEa—F #EBE% BEI &R (EER)
(Course Code / Course Title) (Research for Master’'s Thesis 1)
E s
S WEEHLSERA
nstructor)
YT "~ B o
(Semester) FHitta(Fall Others) (Credit) BE{I(3 Credits)
BMBFonNYLT =ia BHAR:E
(Course Number) PHY6080 (Language) (Japanese)
e
(Notes)

| $2® B#Z(Course Objectives)

HEHOHMRICHTEIER, BH, ELUHEEZERESL HRFHDEELT, EMMHE B, SLOCEZNCEERIEES
L. FMERREENEES, SOICEMBRREASIVERLERNERITOTS,

The aim is to understand the background, purpose, and method of the research of each student. Through research activities,
students acquire specialized knowledge, technique, and physical thinking ability, and develop problem—solving ability. Moreover,
they will acquire skills for research presentation and response to questions and comments.

| 22 DMA (Course Contents)

HEHADHEEDNHLLET, BIRT—YEREL, HESNEHRRBICTEC ., FROER, BH, BLUHEGEEEMELE
£T HREEDD, GON-HRRREREL, BE, HERBLOBRLEETEL TSOHITHEGHREAEDRIT TN

Under the guidance of a supervisor, students will determine the research theme of their own. They implement research after
understanding the background, purpose and method of the research theme. They can proceed to more advanced theme through
the careful investigation of the obtained results and the discussions with their supervisor.

| #2258 (Course Schedule)

1. BFE()
& (2)
R (3)
Ay
%R (5)
R (6)
ME(7)
7 (8)
9. WZE(9)
10. ®#ZE(10)
1. BHEAO1
12. #HE(12)
13. #HZE(13)
14. ®HE(14)

® NSk wN

| RERREN (FE-EEZE) DFE (Study Required Outside of Class)

BELREDHEENILLET HART—IYDHRE, ARAEDRET, ARHEORELGLEETL, TALICEIVTHEEZRIT
% FRBRZDECEBLIRIXIBERINSIEEEHL THEZLTTIRARZED D BERICHREMEETI FLOVEMEE
BERZEFREETRY %,

| RRABETAM 7 3% - 2% (Evaluation)

HRFEBDRREL S HIMTS H(100%)

| T A (Textbooks)

7L

| 2% 3k (Readings)

| ZDHt (HP %) (Others(e.gHP))

| SEBEEE (Notice)

-58 -



LA651

HMBa—F/EB%

(Course Code / Course Title)

BEIZ & BLRXIEERS (EH)
(Master's Thesis)

(fﬂé%% MEFHEEIHE
nstructor)

YT — T —

(Semester) FHitta(Fall Others) (Credit) BE{I(3 Credits)

*—I'Ej“// \’Uyﬁ Egﬁ EZKEE
(Course Number) PHY6080 (Language) (Japanese)

e

(Notes)

| $2® B#Z(Course Objectives)

MEREFBZELT, EFIAE, il SEVEBEZNGREZERF/L, MERRENEERD, SOICERREN BIUVERLE
BENZEHIZDO1T5H, TRFRITIE GEER) IFE[ETEAHR1~3 (RB) ITHON=MERREFLD, BLHmXEEE LTS,

The aim is to understand the background, purpose, and method of the research of each student. Through research activities,
students acquire specialized knowledge, technique, and physical thinking ability, and develop problem—solving ability. Moreover,
they will acquire skills for research presentation and response to questions and comments. Students write master theses based
on the research results in the course “Special Research (Theory)”.

| 2 DME (Course Contents)

HEHAEDEEDNLET, HESN-MEREICHEA, TORREBLHRIELTEEDD,

Under the guidance of a supervisor, students will determine the research theme of their own. They write master theses based
on the research results

| 12251 (Course Schedule)

1.

© NS gk N

9.
10.
11.
12.
13.
14.

ELRGRENE (1)
ELIMSGREMZE (2)
ELIMSGREMZE (3)
ELRGRENE (4)
ELEMSGREMZE (5)
ELRGRENE (6)
ELRGRERE (7)
e Em (1)
ELIRXIER (2)
ELIRXAER (3)
&L Em (4)
ELRXAER (5)
&L (6)
LR (7)

| BEEMN (FE-EE%) DFE (Study Required Outside of Class)

MFRIERE GEER) I XTHFRIBI R 1 ~3 (RER) I THONMERREREL TEYFELD,

THRXICET SRR (OBERER)E1TO.

ELMXEER, RET 5. 18

| BAEETAE A 3% - 2% (Evaluation)

LMY, REMREREICHRFHCEDKIRICEVKLSHIZHIETS 5(100%)

| 7F R (Textbooks)

L

| 2% 3k (Readings)

| Z 0t (HP %) (Others(e.g HP))

| EEEE (Notice)

-59 -




LB101

#MEa—K FB% LB101./ ¥ L B R4
(Course Code / Course Title) (Lecture on Analytical Chemistry)
HLEL =i EE(MIYABE KANJD)
(Instructor) =48 KIEAWAHATA DAIGO)
BT . B o
(Semester) HEZHAth(Spring Others) (Credit) 2Bi{i1(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHES390 (Language) (Japanese)
W= SRS BRI R Guidel P BIE SRR BCE
(Notes)

| $2® B#Z(Course Objectives)

SRS BN ITE (BERREIOIN 5T74—, ARIOARNT FT74—0XXES)—BRKEES) DERE, FHOEKRRE
(DEEEEE) EEEYT LRI, RROLABSICETIENLDOFAICOVNTEY, EETIRALBIMREERTT S,

To understand the basics, characteristics, and basic principles (separation mechanisms, etc.) of high—-performance separation
analysis methods (high—performance liquid chromatography, gas chromatography, capillary electrophoresis, etc.), and to learn
about their use in actual applications and acquire various related knowledge.

| 22 DMA (Course Contents)

£Y, BBEATED—DELTORBDMTEDME M TEBHL, SRRAIOTRT 5T4—(HPLC) LA RIOTNT 5T74—
DEALEZHAT S, R, FHEPORTEROCERREEORREEMBENT 5. TOR, BLIaMREESRIE~ND
BRICET SREDEMEBREHEAT 5. (2, FYES—BERKIEITOVWVTHESRT HEKIC, D FRAEERBITOR
HEBRRBAFADLRICOVNTERT S, BF TE, REOHEFRFOEEBREICE S L0 TEMOERLZFAIZON
TES

First, the position of separation analysis as one of the instrumental analysis methods is outlined, and the basics of high—
performance liquid chromatography (HPLC) and gas chromatography are explained. Next, the analytical theory of separation
behavior and the practical aspects of experimental equipment are explained. This is followed by a discussion of recent
technological trends in the development of high—performance, high—speed separation methods. In addition, capillary
electrophoresis will be outlined, and its application to the analysis of intermolecular interactions and interfacial permeation
phenomena will be explained. In the latter half of the lecture, we will discuss various uses of analytical techniques in actual
manufacturing sites and production processes.

| {2251 (Course Schedule)

1. EHEREXSHESITEOBE

2. BEBARIOTNTST74—

3. DEEEFETER

4. EHEEEENEE~NDOER

5. ARIOTNTS5T4—

6. FvrESI—BRKEE

7. SFEHEEERACREEBEROMEN
8. TEICBITENIE-NITEBRHR
9. HE-FERMETONTEIMOER
10. HEOREBERIIBITS0H

1. BREEESH

12. WHEMRBEELST

13. MRS EAEHER LS

14, FI/BRE SO REHT

| BEBRN (FE-BE%) 0%E (Study Required Outside of Class)

FEHORETHIMYEHLVERIGEELRY LIFA0T, BEREARDTFELEETZITL, FENREHRITERI S,

| RRABETAM 75 3% - 2% (Evaluation)

BHRIGEHEDIRERERE 0%/ /N A R30%)/ &L 7"— M Final Report)(30%)

| T X X (Textbooks)

7L

| %X (Readings)
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LB108

#MEa—F HEA LB108.” A B Y5 H
(Course Code / Course Title) (Lecture on Organic Chemistry)
HuEg #FA IEFI(MORIMOTO MASAKAZU)
([_t tor) e IE&(YAMANAKA MASAHIRO)
SEHEEOT 58 E4(MINOURA MAO)
T S T ity oot
(Semester) HFFHA(Spring Semester) (Credit) 2B {31(2 Credits)
HEFUYLT EE A
(Course Number) CHES490 (Language) (Japanese)
5
(Notes)

| 220 B4Z (Course Objectives)

FRILZOERREZZS, ARRGZEERT I TERELGREAFSOEAOVTREET S,

Learn the basic principles of organic chemistry. Generally review the basic concepts and laws that are important for
understanding organic reactions.

| 2 DMF (Course Contents)

BFIOHEIESE EANARGHRRERENLERTEHES I BHT 5. 57, BRILERGICHTHETFOB=DERE
ERELIHE, B EE, REANRG, REERRG, REFHMRG, REFERRG, BERS, Bt 2xoLHa
BEBIEERBCOVTRRL, BERENE ORENRITONTELIND, S5(21F, BRAKICHTEEREBO-THIZ
DNTEEHL, EROERREHIOBRITETS.

The lecturer will explain the basic reaction patterns based on electron movement so that the students will understand it from
principle. First, after confirming fundamental electron movement through organic chemical reactions, the lecturer will explain
acids and bases, nucleophilic addition reaction, nucleophilic substitution reaction, electrophilic addition reaction, electrophilic
substitution reaction, elimination reaction, oxidization and deoxidization, and various other organic chemical reactions, and also
touch upon substituent effects and solvent effects. The lecturer will also explain how to plan rational synthetic strategies in
organic synthesis.

| {2251 (Course Schedule)

1. AHEZRISIZBIT2EFOBZTOEE
BLIEE, HEMRLEFEDR
KA IR IS
AR EHD RIS (1)
AR ED RIS (2)
T AR(T)
REZRBERR G
st B R s
REF MRS
REFEBRRIE
Bib&ETT
T AR (2)
1. ZEEERO)  AREIROI-TH, BEEK
12. ZEREER(2)  AREOI-TH, BHEERK
13. ZERBEERK(3)  AREBRKOI=TH, EROERMEF OEN
14. ZERMEEK (4)  SEBREARELED

T AR(3)

ok wN

© © N

| BRERRN (FE-BEF) DFE (Study Required Outside of Class)

FEHDFREEREZ B IVTERIEF2 ORBEEANEBELTHLIE,

| RRABETAM 75 3% - 2% (Evaluation)

hRET Xk 1(35%)/ T A +2(35%)/ T A < 3(30%)

| THF Rk (Textbooks)

7L

| %X (Readings)
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WE- TV NER-REEM (RV)—RE)ERLD.
EBRMEGEITDOVWTRERICRESL, J14—F/\vI%E1T5,
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LB109

#MEa—F HEA LB109.” HHAL It PR 1
(Course Code / Course Title) (Advanced Lecture on Organic Chemistry 1)
F—X /Y ITEAMILE AR TREE
(Theme / Subtitle) Organic Main—Group Element Chemistry
AaEA AHE EXKXERISHIDA SHINTARO)
(Instructor)
=3 N ETE, s
(Semester) 2 HA{h(Fall Others) @t 2% (2 Credits)
#MBFoNYLH =8 BARE
(Course Number) CHES490 (Language) (Japanese)
&% RB109 HHALEIC A1 EERIRE
(Notes) EhEE BREIXRGuide S EERRRIZHERTH L

| 22 0 B4Z (Course Objectives)

FHANTRIEADOBELRICEDHFBEERT .

This class aims at in—depth understanding the structure and characteristics of organic compounds containing main group
elements.

| 2 DME (Course Contents)

ARAITRIEEVMDILELARRMICEIESL. 45121, 2, 13— 15KETHRILEYDBECHELE DFEIAELSINZRIE
[ZOVWTHERY B, 14- 15ETRIEEYDILZICONTIE, HEMLGEEH 14 RXRTHITIREIVY Y DIEEIZDLY

The chemistry of organic main group element compounds is systematically reviewed. In particular, characteristic reactions of 1,
2, and 13-15 element compounds is presented based on their structure and properties. Among these, silicon and phosphorus
chemistry is explained in detail.

| {2251 (Course Schedule)

1. HEESTRIEZEHRAO)

A STR{CEEER (2)
1-2kEREEYWQ)
1-2kTtRLEY(2)

13T RLEW(1)
13ETHRIEEY(2)
EREH14ETRIEERR

SR 14ETRELEMO) BEEEIEED
9. SRf14ETRILEY(2) BER{LFEE
10. EEH14ETHRIEEY (3) BELILERE
1. SRYP15ETHEF#BER

12. SRAH15KETREEH () EERLEE
13. = 15ETRIEEY(2) BELLERE
14, ERAHAVTHRELEVMOREOHAEDEN

® N gk wN

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

BEEBADFEZICOVTIHLEICIGLTH®RIERT 5,

| BAEETAM A % - % (Evaluation)

EEADSIEG0%)/ F &L R—IFinal Report)(40%)

| TF X (Textbooks)

L

| % Xk (Readings)

1. BRIERRBL. 2008, [E#HA B TRIEZ]. E#t (ISBN:978-4-06-154337-9)
2. HiRkBAth, 2019, [RFRFBEALES F2R] HFREELRIG-AHEELER)]. ER{EFEA (ISBN:978-
4807908202)

| Z®D1t (HP %) (Others(e.gHP))
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LB140

MEa—F &E4 LB140. ¥R (L EHE 5 5H
(Course Code / Course Title) (Lecture on Physical Chemistrymistry)
A #EMOCHIZUKI YUJD)
B .
(fr;:::'ffr) XKE 1E1E(NAGANO SHUSAKU)
H3& —BR(TANABE ICHIRO)
=g . B e
(Semester) Ffh=2HA(Fall Semester) (Credit) 2Bi{i7(2 Credits)
BBFNYLG =i BA:E
(Course Number) CHES5290 (Language) (Japanese)
5
(Notes)

| 220 B4Z (Course Objectives)

EFRICE DD FOEFRECH FLA(BHR) OBEER. BEROMEBLZOERLLLS N FHALH FRBEED
RIS OVWTEBERD S, T EFLEHEORBEZE ORI OV THHEEICANS,

This class provides a deep understanding of molecular electronic states and interactions between molecules and light (i.e.
electromagnetic waves) based on quantum theory. Besides, students will study the basic concepts for intermolecular forces as
a basis for soft matter chemistry and structural analysis method of molecular ordered structure.

| 2 DME (Course Contents)

BEYHEICEOTIDD/A—HIDDN TS, BRI, EFEZHEOERLEEHEH S, RIC. S FRAPCREAHERYK
WA FORERBEDTHEE DR FEEES RREIC. 0 FEAOHEERICOVWTEHRNESIVEFHEDOE RNL
EZEL. D FORY - LRI - FABEICH T HERMGERERD S,

In the first part, students study the intermolecular and surface forces, condensed phase of molecules, and structural analysis
for soft matter. In the latter part, the class covers the interaction between molecules and light in classical and quantum
mechanics and theoretical understandings of molecular vibration, light absorption, and emission processes.

| #2251 (Course Schedule)

1. EFELEFEORBE(EAR)

2. IAEF:SFOLNEHCHEDTM(ER)
3. ICAEF2LERICOENT(EA)

4. GHAEFS: KEER~DOER(EA)

5 #FLLFEN #HFETOT—4REZ0OHA(ER)
6. SFOESKMEE KE)

7. SFEHEEERLES FHEA GKE)

8. REEHNEREEEGKE)

9. AFOBECEEHEELRSECKE)

10. BRFOEELHE GKE)

1. DFORBIRESILBIE (HB)

12. FHHE(HE)

13. STV (HE)

14. REISASH(BE)

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

EFNFOEREEBLTVSILEZRELTVDDT, FRGFAHRIIZHFHROABTLEDOTEESINDELLY,

| RRABETAM 7 3% - 2% (Evaluation)

BROFBENDOEETICTEHET 5, (100%)
EROBENDES ICTEHET . (100%)

| 7% Rk (Textbooks)

BEMEREPICERMLT S,

| 2% 3k (Readings)

REDITEERNT S,

| Z®D1t (HP %) (Others(e.gHP))
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LB142

#MEa—F HEA LB142, /¥ {L22 I AR 2
(Course Code / Course Title) (Advanced Lecture on Physical Chemistry 2)
i KB 1E/E(NAGANO SHUSAKU)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHES5290 (Language) (Japanese)
LS RB142 MBI RBH2LARIER
(Notes)

| $2® B#Z(Course Objectives)

aO0qMMER REHZE. SO FLREEBELE VINTUTZIVL(REEES F. RBLESF)EERDIRIBNEZTDOH
=

In this course, students study the behavior and functions of soft materials (surfactants, liquid crystals and polymers) based on
colloid chemistry, interface science and polymer chemistry.

| 2 DMF (Course Contents)

E0F. RE TV AFREFOVINITITIVIE. BOBREIERZRE Y 570 £ - RAOWMEICH=YIB5H TH A
HBEE MO AT LERBETED, ChoEREFTHIA T, N FRAKICESLZOERINETHS, RBEHTIE. 204
F-REMPEEBLLT. AFOENFOEERDIRSEL . TOMBILFE, B:E - FiE. RER. HAE (EITSHR) FIC
DWTEHT 5. ERWGEB ERFTOMRBMLOBEHLTEICEHL TERTEDDIFETH D,

Soft matter (soft materials) such as polymers, liquid crystals, gels, and molecular films exhibit strong synergistic effects and
provides fascinating molecular organized structures and material systems in both basic science and practical applications. For
designing the soft mater, understanding chemistry on the molecular organization is essential. In this class, students study the
behavior of molecular and macromolecular aggregates based on colloid/interface science, organization process, structures,
properties, functions (mainly photofunctions), etc. The class will cover the basics and the latest research topics on molecular
organizations.

| {2251 (Course Schedule)

1. DFHEBIEREZXVINITITILOBEELEERES)
AFEAERTILEOERE

Langmuir-Blodgett & &% D HERE

HOESHENTIE LTDiie

RERLESL
RRMEEZOHEE(—ErOEYI R R VA AEYIRER)
DFHBEE M FE

DFEBAOREMEEHETFE

9. BRFILFEDOER

10. HHEEMEE S

1. SRFOBECEEEEES FERGE

12, SHOMESBEEE SRR HIE

13. BIRFEH SO S D FE R I

14, MFEBEHEE

© NSOk N

| BERRN (FTE-ETE) DZFE (Study Required Outside of Class)

AREFE MELR SO FERILE. 82 FYELE. RERZ. MEFEFN\VI TSIV EENFHEETLTHLS
&o

| PAESTAMi 7755 - 2% (Evaluation)

=L R—(Final Report)(30%)/ & B DIZED;EE 78 (5 & X 14 [E]) (70%)

| T A (Textbooks)

BICAL, REICSECTIIU N EERRT S,

| 2% 3k (Readings)

LINARSTIVTFI11). 2013, [ FRIALEREA FE IR HEEE
2. Hans—Jurgen Butt, Karlheinz Graf, Michael Kappl. 2016, [ RE O ¥IELILE]. HE
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LB147

FMEa—F/ #B%
(Course Code / Course Title)

LB147./ FHAL G R4
(Advanced Lecture on Organic Chemistry 4)

T—X /T EARILVE
(Theme / Subtitle)

BN FRFOERECAL LU

HLES

(Instructor)

/N E—(KONISHI GENICHI)

FH

(Semester)

By

k=2 HA(Fall Semester) (Credit) 2Bi{i7(2 Credits)

BB+ Y

(Course Number)

EE HAGE

CHE5490
(Language) (Japanese)

5
(Notes)

RB147 AL ZICRYSRALERIZE

|#§¥

@ B4E (Course Objectives)

B FORE. A% ERYME. SN FIXOIvEU REEMIHIEEBRELET ., F RERDBIER LM RBARE
l DNTH T —RRETAZBLTHEBLEY . BB CEXRRATRIODNBERYALFETY,

The purpose of this course is to understand the characteristics of polymers, synthesis methods, basic physical properties, and

the essence of the polymer industry.

| 3%

MM ZA (Course Contents)

BEATFOEHM. AL ERYE. SO FIEDIVEUREZEELTT . TALICMAT, BEOTOERLE, REHDOH
REBNALET,

This lecture covers the characteristics of polymers, synthesis methods, basic physical properties, and the essence of the
polymer industry. In addition, process chemistry of polymers is also introduced.

| B3

£1i# (Course Schedule)

B FOREZTD
BERFOEHMTN2
BEREDFOERNE
BNFERETOERILE
IVOZTIITTSIRAFYY
fHfEEZ D1
ftniEaZn2

EAFOVHAIIL
fTINESEEDISAT
HMEREEZDEA2
FHEREM I Z D
FREMHE D2

BEREDFORILIHFZTD
BERENTFOREMETD2

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

FE-EEIRIRBEELFRA, L BAAWICHET 50D ERORBEA T AT I—EFALI-T1 XAy av %R
BELEIOT ERALTUZEN, RIEBETT DT, HEBRKTIILGL FUFMRZEICLGHEELHYFES,

| FiAE

ST 75 % - E #E (Evaluation)

EERNTOEHE O /N RH100%)

| TF X (Textbooks)

HEERIE, PDF - (EMRMELTRALES,

B

3C#k (Readings)

BICHYFEA

| ZDth (HP %) (Others(e.gHP))

SEITRH HP ENHAHEE L. BREATRLET,

B

ZE1E (Notice)
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LB151

MBa—K ®B% LB151. /455154 & 1
(Course Code / Course Title) (Special Lecture 1)
T—RAYTEAMILE o
(Theme / Subtitle) - SR AR
HLHEH I FA(AIKAWA KOHSUKE)
(Instructor) fn#h K—(KANO TAICHI)
T , Bif e p .
(Semester) HFFHAMth(Spring Others) (Credit) 2B {3I(2 Credits)
BBFNYLG =i BAREE
(Course Number) CHEG090 (Language) (Japanese)
5 RB151 45FIEZE 1 LERIRE
(Notes) EhEE BREIXRGuide S EERRRIZHERTH L

| 22 0 B4Z (Course Objectives)

BHIEEMOERIZE UTOIBZRNEETHS.

ORFBHRDEE, OERELE, BibLEx, OLFKLFHEH

REERTIE, ChoDIERITTALLGAL, RHEEYMEROBM (FROBIRMGRISHGE), BEE (EERERTEE)IC
DNTES. BfTGEESICE>T, MO TEAENMFRICITRL, AIEMRRLTUL=MES, LAICFREICHRREIND LS
[Zhpof=hy, RRELTIELLY.

The following three elements are important for the synthesis of target compounds.

(1) Construction of carbon skeleton, (2) functional group transformation, oxidation and reduction, (3) control of stereochemistry
In this lecture, we will learn the tactics (various selective reactants, etc.) and strategies (retrosynthetic analysis, etc.) of target
compound synthesis, focusing on these three elements. [ would like you to realize just how easily the problems that previous
researchers overcome with special ingenuity can now be easily solved through tactical advances.

| £ZDMEA (Course Contents)

AERERLE - EHERERAE#RERILSE
EHRERIEREORRELES(F—x, OVFXRLY, TARETSUOUDER)
ZERBEABOT YA GEE R

SRS VT —IVik, REFEE FFSE)
HHABO-ONEREEME RS

IEMAT S R(ESEEME, B#S FARE)

EHTVREE

Synthetic Organic Chemistry/Organometallic Chemistry directed toward Organic Synthesis

*Trace the history of synthetic organic chemistry (synthesis of quinine, longifolene, and prostaglandins)
*Multi-step synthesis design (retrosynthetic analysis)

*Stereocontrol (chiral pool method, chiral induced method, asymmetric synthesis method)

= Transition metal catalysis for organic synthesis

*Catalytic asymmetric synthesis (transition metal catalysts, organic molecular catalysts)
*Organofluorine Chemistry

| {2251 (Course Schedule)

1. AHERILZEOREEES

F_—FDER

AvFHRLODERK

TARBGSUCUDER
SERSEEROT AU E BN
ZEREAROT A E REF)
SLARFIIR SV T—IVE, RFREE TFERER)
SRSV T—ILE, RFFEE, TFARE)
9. AHARDEODEREEMERG

10. AHEROE-HOEBREEMIERIG

1. fEMAFEREREEME)

12. fIERITRF & R(E# S FALLE)

13. A#IvRILEZ(RE-ER)

14. BHIvFRIELF BEEESF)

© NSOk N

| BERRN (FTE-1EEZE) DE (Study Required Outside of Class)

REFRNOFEICEHTHERIE, BEITHCTHRIETT %,
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F &L R—F(Final Report)(40%)/42 2N D /NT X M30%)/ 12 A~ D S M E(30%)
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LB154

MBa—K ®B% LB154 /45518 & 4
(Course Code / Course Title) (Special Lecture 4)
7’—7/#794|‘)b% 1= i = =T
(Theme / Subtitle) EEZMEOERMYE. BEME) RV
S F BEKIKKAWA HARUHIKO)
(Instructor)
=3 N ET ey
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
BBFNYLG =i BAREE
(Course Number) CHEG090 (Language) (Japanese)
e RB154 RRIHE 4 LARBE
otes)

| 22 0 B4Z (Course Objectives)

EFEMEDOREL. BREMBEESFALZRFCILEEN L, BR-FEURVEREZEBLVRAVEHEICLISEEAL
HYDOHD, RBETE. LEVED)RVFHHEERZL, EFNAHE CHEETIRALCBEICE VTR AMIZHIETE
BNEHITDTH,

The safe handling of chemical substances is in the process of changing from management through legal regulations based on
environmental problems to management through risk assessment which takes into account hazardousness and toxicity as well
as dietary intake. In the lecture, the students will understand the risk assessment of chemical substances, and acquire the
ability to judge in general various situations which occur in research and technical professions.

| £ZDMEA (Course Contents)

EFMEDOHRICIE, BREPSINMEREDRIRMEZLDILD. A\OREPREFOEYICHEEGHZEESZADLDLNHD. 1
FYEOERG., ERE. BERICOVTRESL., SOICEREEZERBLIZYAVEE. YRYAZ1 27— av~RRT 5. Y
RIDEZFIFHARICEWTEMMGHEET SRDBLEVEZA~NBNLELERT D,

Among chemical substances, there are those which carry the danger of explosiveness and inflammability, and those which pose
a hazardous risk to human health and living organisms in the environment. The lecturer will explain the legal regulations,
dangers, and toxicity of chemical substances, and furthermore broaden to risk assessment taking into account dietary intake
and risk communication. The lecturer will lecture on the fact that the approach to risk is connected to a broad approach when
making technical judgments regarding society.

| {2251 (Course Schedule)

1. AokRS 523y EEPEDIRIEIL?
BREMEDOESR S E2YE D LR
GHS & SDS IZ& 215G E

Mt EEEN
WERL R fE I 1 T4
B R SET
ADEEADFEE
ERERADFEE

9. RERZETE

10. HEHERZFE

1. BE.REUXVFHE

12. FEERZETM. )RV

13. YRILL—FRATEHEEV RV ER
14. LEMEOEMEETRTS

© NS g 0N

| BEERBN(TE-EEE) DFE (Study Required Outside of Class)

FRE UM AR INUR—R) ZEIEL . REIRERIAFFICT— R\ IETI0T, BB ITEALTIELLY,

| BAEETAE 7 3% - B % (Evaluation)

H BB BE(40%)/ 12 2 /T R M(30%) /12 2 /N L TR— M (30%)

| TF X (Textbooks)

BEMERIEY S (FIRIEAIXERLELY) .

| %X (Readings)

BREANTEERNT D,
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LB157

MBa—K ®B% LB157. 45 5lsE& 7
(Course Code / Course Title) (Special Lecture 7)
T—Y /YT AAVE DFVRATLITE TSRO YL E
(Theme / Subtitle) Physical Chemistry of Optical Functions in Molecular Systems
E Mz
iR Zith % —(YASUIKE TOMOKAZU)
(Instructor)
=3 o ETE, s
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
BBFNYLG =i BA:E
(Course Number) CHEG090 (Language) (Japanese)
5

RB157 ¥AlFER 7 LARIRE

(Notes)

| 22 0 B4Z (Course Objectives)

DFVRATLNTY AEREOERICHIRRBGRBEEETNOEHRSIERIIBMAHITONWTERTHIL

The aim of this course is to enable students to correctly distinguish various elementary processes behind optical functions of
molecular systems, and to understand theoretical frameworks for dealing with these processes.

| 2 DME (Course Contents)

EFRCROLNTVNDENELGAIRAHOCKEBERDORBED-HICIE, DFIRATLIZETHAMENLE D LG RBRE
[TXABGNTVSAEERET ILELNHS. FEBRTE, DFEIVDPFESKICLDARIR, MEIRILF—BE, ELUE
FREBZEHRS-ODERWEHRBAH I ODNTEDRREPIDEL-TEZLMREITI. -, ATKAERH, KEEL, BHREL
THRARDERFORFERREHEL, BRI NEMERZHALNT 5.

In order to realize highly efficient artificial photosynthesis and solar cells, which have been strongly demanded in recent years, it
is necessary to understand the elementary processes that support the optical functions in molecular systems. In this lecture,
we will explain the theoretical framework for dealing with light absorption, excitation energy transfer, and electron transfer in
molecules and molecular assemblies. Recent developments in artificial photosynthesis, solar cells, and organic semiconductor
devices will be reviewed, and problems to be overcome will be identified.

| {2251 (Course Schedule)

1. DFIVRTLDRT SEIEIHEHE

2. REDFOHEEA

3. NFORMELIEINBTE

4. DNFOEMEIINTIEFILEFE

5. F&EERETFII

6. FIEIRILF—IEE

1. BFBE

8. WHMALRBIE 1 EEEN

9. HHMMAERBIE 2 —EERAMNL=EEER
10. REIZHITELRYIRK

1. RARFEDLSIZLTERSATLSH
12. AINERK

13. KEBEM

14, BHEEXT/NAR

| BEEMN(FE-BEZ) D% (Study Required Outside of Class)

EFEZOERNLGIEN DI OTONEFST, HEROFELERIDELLFEA.

| BAEETAE 7 3% - B % (Evaluation)

&L R—K(Final Report)(35%)/1Z2 £~ NS IME35%)/IBETEDFELT I3 - R—/3—(30%)

| TF X (Textbooks)

7L

| % X#k (Readings)

1. RETFIEXK, 2012, [AHFEARDT /N ZYHE]. B4t (ISBN:9784061543546)
2. lLIEE. 2014, [RERKDIALZE]. EFH4t (ISBN:9784061543720)

| ZDHt (HP %) (Others(e.gHP))
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LB159

#MEa—F HEA LB159,/{LiFHEE
(Course Code / Course Title) (Chemical English)
T(Tr:;?j/j;f;:;lzlgg Practical English for Young Scientists
E Mz
(kiii) 1M 75 E(MASUDA MARI)
=2 vz 34 ] L .
(Se:ffter) & HA(Spring Semester) (C%:;t) 2B {5(2 Credits)
BBFNYLG =i Zhith
(Course Number) CHES993 (Language) (Others)
(fffs) RB159 L3 HIELAFIEE

| 22 0 B4Z (Course Objectives)

ZLOMFHMIXIIEEBTHIREIN . BFZRICSMUARRREETREK - FARTIEINEZI TS, F-. BRICWVEASLE
AMDOBEELLIZ, FO—/NILGRETHRETNAS A=y —2a a5l ELIRAE T LW LTI A o1, B,
ERNRETHO>TELARAEICHEZRYANSIESNEZ TETWSO. BEEDMERRELYNRMICBERF - THE
THERL. HRATEDRENESICDFAILEEIBLLTIRLEED S,

Many scientific papers are published in English, and there are increasing opportunities to participate in international conferences
to present and discuss research results. It is also becoming commonplace to conduct research with students from overseas and
communicate with them in a global environment while in Japan. In addition, an increasing number of scientific conferences, even
those held in Japan, are incorporating English as an official language. The goal of this course is to help students acquire the
ability to present and discuss their research results more effectively and confidently in English.

| BZ DK (Course Contents)

EAWICHELGEREEDEECEANGREBEERZLEZRIZDTE, X2 BEOMETIZODVWTHEFEECIESEL. AETE
BIEZ1>TEEALIIIEETL, BIC. RRADXFIREERL. RREERICEDHEEHTSH, TOM ZETIE. E
B REERITC., S E 2RI D Curriculum Vitae (CVIDEEA ., B cover letter A2 e—mail DEEALELBNT D,
BELEZEDEZOLRNIILRVEEERICE > T. BREODABT (RROBSZ) RUBEZEEEFTH5E6H1H5,

Students will learn technical terms and practical expressions in English. They will also learn how to write an abstract of their
research in English and how to speak confidently about their research. They will have the opportunity to give presentations and
Q&A sessions using slides they have prepared. In addition, CV (Curriculum Vitae), cover letter, and email writing will be
introduced in class. The content (e.g., presentation opportunities) and objectives may change depending on the students’ English
level and the number of students enrolled.

| {2251 (Course Schedule)

1. BEOEHAHICDONT,; HEFBEAKXEDELN
MEREEMNY—ILOBNEERE

HFLHEEORR. VS7DLHL RBTRALNETHN?
EETHCHBNES  ART—EFFDIC. BEDRAETE—ILTD
RETEHEZHEMNMES, OBEHRK1
RETEHZHBMNES OERKR2
Curriculum Vitae (CV)DEZE A ; T D ADETMEAEE I HEAFEIZ/ES CV
WHIZO CV BN EHER; QOBEHR

9. HHIEZED CVEBNLHER; ABEHRK2
10.  FHEAS e—mail DEZEF; HIURFEEFD cover letter, HIXFERFD Rebuttal letter [ZDULNT
1. ERFEOOBERRERASIRDEYA.
12. HEREREE
13. OEFEREE2
14, OEFEREES

© N gk N

| FERERN (FTE-EEZE) DFE (Study Required Outside of Class)

REATL-REORE XBAEHIEICKEHET D, REMOERITDELGFE - BT IVEIZLED,

| RRABETAM 75 3% - 2% (Evaluation)

&I&T AR (Final Test)(10%)/E#& L 7R—(Final Report)(10%)/$2 £ D HEEEE(BG0%)/IBENTEZ b= (LKR—)(30%)
BAEISHEELEEL-REYRUBRENTORRICE>THET 5,

| 7% Ak (Textbooks)
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LB162

MBa—K ®B% LB162. 45 5IzE& 10
(Course Code / Course Title) (Special Lecture 10)
Ha5% 1A Z(WADA TOHRU) fth
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHEGO90 (Language) (Japanese)
i RB162 HHIEZE10LARIZE
(Notes)

| $2® B#Z(Course Objectives)

RIEVWSFICESRERDRZICAN, TRODEFEROEND, BLEVFEERFT 5.

The lecturer will touch upon advanced sciences stretching across a wide range of fields, and the students will master a broad

knowledge while deepening their understanding.

| 2 DMEA (Course Contents)

BAGHBTERIN TV AOREBMDELEADIHR, BoVIENIZEELEAFICONT, RFDOBEREEERT 5.

Part—time lecturers engaged in various fields will lecture on recent information about both their research and the relevant fields.

| 22 51E (Course Schedule)

1. B KRR #ETHROBRHEENLERAES FORR

BB KRR #RETROBFHEENLRAETFORFRR

B KRR RETROBHEENLRAETFORFRR

L BEX:AFFAOEELA

L BR:EERIOERSA

A BB TR EF LR ETEELHEEM R

A BB LR EFILEHETEELHEEM R

# BB LARCET RN EEEE LM R

9. A BN RREEFILFHABEHRRLTRRI L EREREMADAEEMLNE
10. FfE #7 RREEFILEHEEZHRLTRRI L ERERBADAKARELETER
. BEHE 2E: 7 RSB ADTFOERETIILYHE

12 BE# 2F: 1 IRELBADTFOEREFTILYNE

13, B —BUERICERTIEERFV/VEDHA

14 B B EXRICBISEXERASV /A VEDOFA

® N ok wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

FEIIBEELELY,

| BAEETAE A 3% - 2% (Evaluation)

READSMEE%)/EEDLR—(6 ) (50%)

| T XX (Textbooks)

WEICIECTIIUMEREERMT S,

| & 3k (Readings)

BEOLEIHBNT S,

| Z 0t (HP %) (Others(e.g HP))

KLHEDOBARERIZDOVNTIXL, #BEBRT S,
RE-TIVUNER-BEEM (RV—URE) EAWS,

| EBEE (Notice)
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LB165

#MEa—F HEA LB165.” ML 2 I5 SR 2
(Course Code / Course Title) (Advanced Lecture on Inorganic Chemistry 2)
g il e B2 EEAOERILEET XX —ZHRRS
(Theme / Subtitle)
AaEA fIE F(WADA TOHRU)
(Instructor)
e . ET ey o
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
BBFNYLG =i BAREE
(Course Number) CHES590 (Language) (Japanese)
"% RB165 AL FIC AR S RIRE
(Notes)

| 22 0 B4Z (Course Objectives)

IXLF—THRETREL- BB REFMEOFRERNT 5oLI-LY, RRBEOMELRGIICET SERERD 5,
SBICEALEDFRICRAT EDTELVERIL LD ERIZ O TR,

The purpose of this class is to understand the relationship between reactivity and structure of transition—metal complex
catalysts aiming for energy conversion. We also learn basic electrochemistry of transition—metal complexes.

| 2 DMEA (Course Contents)

BFBEZELEOMERIEDHEICIERN T CEOHERLGVWERILEOERLBERE, EREOBEREZITODVNTERT
%o CNERFAT, IRNF—ERZEAL-ERSBREAROMERISICOVNVTERT S, ERILFAEICIYBALAIZEN
BEARDEACETE CMEFEDOITMEICONT, HEDEMAFINSER, HMEIDREITEY, —DOBHEIEYIR(ZDN
THRNL, TOMRDERLER, TLTHREBICREHSN-HBADBENEDIIICLTHEZRER T 5N ERAEL T,

In this class, basic principles of electrochemical measurement and its experimental methods, which are indispensable for the
research for redox catalysts, will be described. Furthermore, catalytic reactions of transition—metal complexes aiming for energy
conversion will be explained. We learn specific examples of research on the evaluation of redox behavior and catalytic activity of
complexes revealed by electrochemical measurements. Over the course of several lessons, we will introduce one research topic
and understand the background and significance of that research, and how the structure of a precisely designed complex
expresses its function.

| #2518 (Course Schedule)

1. BEX{EZEOERA
BERLFOERE2
BERILFOERES
BERIEFDBIESE
BEREFDBRIEAZE2
KhoEEFREHRET IEEHR
KhoEEFREHRET IEEHE2
B REETT T A1

9. EAZRETETTTHAME2

10. ZEIERFBIFZIRILF—DESHE
1. ZBRLERBFIRALTF—ORR2
12. KEFETOPCDOHEEBEZTIRA

13. kKFRETOM DEEEHR2

14. F&O

PN o s wN

| BEERBN(TE-EEE) DFE (Study Required Outside of Class)

BRILZZZNEOICE, MEEZOBRAZTEHR/NDETHD, EELEALRHTIN, §8, FETEALERIZEDE
BETHIL,

| BAEETAE 7 3% - B % (Evaluation)

o FE HE £ (50%)/ 48 24 [B] O L 7R— 1 (50%)

| THF Rk (Textbooks)

AY) =12 ET HERIFEMNT D,

| %X (Readings)

1. DI, A Fi#, FEE, BEilER. 2009, [EXb® (E#ERFO—X) ], 1= (ISBN:4621081128)
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2. KIFFI4T, RMHE, MHKETE]. 2000, [R—IvIBERIEZE]. L2 RIA (ISBN:4759808612)
AR B, HhRZ, fiNER. 2013, [2RHADEFBELESILFE]. =H AR (ISBN:4782706995)

WRELRV)—VEHAT B,
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LB166

#MEa—F HEA LB166.” 74T L5 AR 2
(Course Code / Course Title) (Advanced Lecture on Analytical Chemistry 2)
il B EX(TABUCHI MARI)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHES590 (Language) (Japanese)
ikl RB166 ML A2 AREE
(Notes)

| $2® B#Z(Course Objectives)

EMERIICETET 2D MBINEEERTIT 5.
SHIZEYEEEB O F OEHAIZEZR S

The students will learn methods of statistical data analysis in bioinorganic analysis.
Moreover, the students will learn measuring techniques for particles of bioinorganic samples.

| 2 DMF (Course Contents)

EMBEEIMICEVTIE, Bonf=T—2DMIBRAEELLSD, ECTE1RMSEIEIE, T—2DOMETHISEITAICD
WTEFT S, —&IC, BUYRLERICE 5T —2R3AVRSMIHILDELTHETSN S, LAL, £YEBIZENTIIH
DARTEFREAEVLT —EHADLENMEELE L o T, FIF TIRBED/NFANVILBEEERTE, RFTIE/L/R54
FIVIREIZDVNTEHES, MEMBEEERICHEESLALERERO S BAREEZHESTHL) . F10EMNSE 13E [FHL
FOREEEEDRE, RRITONVTES,

In bioinorganic analysis, the statistical data analysis obtained will become essential. Accordingly, the students will learn about
methods of statistical data analysis from the 1st to the 9th class. Generally, the data in repeated experiments is analyzed as
something which obeys Gaussian distribution. Nevertheless, in biological samples, there is not only Gaussian distribution, and
there are also frequent instances where the data quantity is small. Therefore, in the first half, the students will learn about
regular parametric significance tests, and in the latter half, nonparametric tests. By solving practice problems, students will
deepen their understanding of the material (each student must bring a scientific calculator). From the 10th to the 13th class,
the students will learn about measuring methods for particles and their principals and practice.

| #2258 (Course Schedule)

1. BEERE

HEERE?2

HFEERES

IRELIEFERR

SHTAIEDRE

SAEDRE2
JUINSANIY IR E
JUVINSARN)YIRRTE2

9. JUINSARN)YIIRTES

10. MIFORIEZE ; BFATEOHEM
1. FFOREER2 ; MFAEEDEE
12. MFORIEES ; SBAUFAEEDORE
13. MIFDARIEZES ; BFAEDER
14. FEH(FRP)

PN o s wN

| BREERBN(TE-EEE) DFE (Study Required Outside of Class)

REOXHDFENLETH D,
ZH., REORELH D,
BEHOREMEDEE LFREEZ 22T,

| PAESTAMi 7755 - 2% (Evaluation)

#E DL AR—H100%)
BEHEREESL TN

| THF Ak (Textbooks)

L
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1. RA. Meyers. 2011. ENCYCLOPEDIA OF ANALYTICAL CHEMISTRY. WILEY (ISBN:978-0470973332)
2. PHILIP. W. KUCHEL, GREGORY. B. RASTON. 1998. THEORY AND PROBLEM OF BIOCHEMISTRY. McGRAW-Hill

BE#MBEREEFSL TSN,
—8A 542 (6~9,. 11~13 [|) (FAFRE—H—D BRRIZKYTE(CHBZENAHDID T HIEVREERTHE,
ISR2THY. #BEASL DT, R LPERETRLTVDC L, BIZREHBEOSSICILEEL TS,
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LB301

FEBEa—F #EBE% BE& % HmiE 1
(Course Code / Course Title) (Colloquium 1)
S e EaE%E
nstructor)
ZFHR - . By o .
(Semester) HEZHAth(Spring Others) (Credit) 1B {5L(1 Credit)
HMBFNNULY =g BHAR:E
(Course Number) CHEG980 (Language) (Japanese)
— ERMBIRIGH A-B LAFIER
otes)

| $2® B#Z(Course Objectives)

EXMEOHARSFICEES IXMERGL, BELEZABRERERT HILICLY, MEXTLLERAH#ERIELIC, X
BOFRAOTLELT—2av DRENEBITEEEERET S,

In this course, students will intensely study literature related to the field of their Graduation Research and present the
information they have learned. In addition to acquiring the knowledge necessary to complete their Graduation Research, this
course aims to help students sharpen their literature reading comprehension skills along with their presentation skills.

| 22 DMA (Course Contents)

ZFEWEOHARSFICEES S (FFEEOEMM )RR T . BRLEABROCERMROEH KR OVNTEED
TRRETL, BEOCRAREAVN—EDFERELGTIN—T - T1RAAYavEELT, FRRSFOME, RENLGERS, TL
EoT—avahEERS,

In this course, students will intensely study literature (specialized publications and academic papers) related to the field of their
Graduation Research. Students will present the information they have learned along with progress updates on their research
project. Through lively group discussions with the instructor and other lab members, students will acquire knowledge in various
fields of research while sharpening their presentation skills and cultivating a logical way of thinking.

| #2251 (Course Schedule)

1. EXBROEH KR, BELEXBORXISOVTHRSE, BN, HRETI,
2. EERHRAOEBIKR, BELIXEALR/XIZDOVTHRE, B, HRET.
3. EEHMROEBINR, BELEXEAR/XIZDOVTERE, B, HWmET.
4. FEHRROEBINR, BELEXEAOR/XIZDOVTERE, B, &HWmET.
5. EEHMADEHKR, BELLXBARIISOVTHRSE, M7, HREITI,
6. ZFEMEDESIKT, BELIXEPRIXITDOVTEHRE, B, HWmET.
7. FEREOEBIKR, BELXEPRXITDOVTEHRE, B, &HWmET.
8. EZXRBIROEHKER, BEELLXBAORXITOVTHRE, BN, HRETI.
9. ZFEMEDESIKN, BELXEPRIXITDOVTEHRE, B, HWmET.
10. ZEEMEOEHKR, BELEXEPMXIZDOVTHE, B, SWRETI.
1. ZEEHREOEHKR, BELXRPRIIOVTHRSE, B, HWmEIT,
12. ZEXRPROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.
13, EEHEOEHKR, BHELEXRPRIXITOVTHRSE, B, HWmEIT,
14, ZEXHROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

WBEIEEHARE—AEDIDTHS BERHENDZEIOVTE, FHREZHEIVEERETIHS.

| RRABETAM 7 3% - 2% (Evaluation)

XN B DEREG0%),/ TLET—av e h BV A EE(20%)/ 3F R~ DS IO FEB4(20%)
LEROFERIZEDE, LAMIZEHET 5,

| 7% Rk (Textbooks)

EMREEHENEEEET 5.

| 3% X# (Readings)

EMREEHENEEEET 5.

| Z®D1t (HP %) (Others(e.gHP))
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LB302

FEBEa—F #EBE% BE& % HmiE 1
(Course Code / Course Title) (Colloquium 1)
S e EaE%E
nstructor)
ZFHR - . By o .
(Semester) HEZHAth(Spring Others) (Credit) 1B {5L(1 Credit)
BMBFonNYLT =g BHAR:E
(Course Number) CHEG980 (Language) (Japanese)
"E HBHRIBHREABLAREE
(Notes) 5 [EFEE X E

| $2® B#Z(Course Objectives)

EXMEOHARSFICEES IXMERGL, BELEZABRERERT HILICLY, MEXTLLERAH#ERIELIC, X
BOFRAOTLELT—2av DRENEBITEEEERET S,

In this course, students will intensely study literature related to the field of their Graduation Research and present the
information they have learned. In addition to acquiring the knowledge necessary to complete their Graduation Research, this
course aims to help students sharpen their literature reading comprehension skills along with their presentation skills.

| 22 DMA (Course Contents)

ZFEPREOHARSFICEES S (FMEEOEMM )RR T . BRLEABROCERMROEHKRIZONTEED
TRRETL, BEOCRAREAVN—EDFERELGTIN—T - T1RAAYavEELT, FRRSFOME, RENLGERS, TL
EoT—avahEERS,

In this course, students will intensely study literature (specialized publications and academic papers) related to the field of their
Graduation Research. Students will present the information they have learned along with progress updates on their research
project. Through lively group discussions with the instructor and other lab members, students will acquire knowledge in various
fields of research while sharpening their presentation skills and cultivating a logical way of thinking.

| #2251 (Course Schedule)

1. EXBROEH KR, BELEXBORXISOVTHRSE, BN, HRETI,
2. EERHRAOEBIKR, BELIXEALR/XIZDOVTHRE, B, HRET.
3. EEHMROEBINR, BELEXEAR/XIZDOVTERE, B, HWmET.
4. FEHRROEBINR, BELEXEAOR/XIZDOVTERE, B, &HWmET.
5. EEHMADEHKR, BELLXBARIISOVTHRSE, M7, HREITI,
6. ZFEMEDESIKT, BELIXEPRIXITDOVTEHRE, B, HWmET.
7. FEREOEBIKR, BELXEPRXITDOVTEHRE, B, &HWmET.
8. EZXRBIROEHKER, BEELLXBAORXITOVTHRE, BN, HRETI.
9. ZFEMEDESIKN, BELXEPRIXITDOVTEHRE, B, HWmET.
10. ZEEMEOEHKR, BELEXEPMXIZDOVTHE, B, SWRETI.
1. ZEEHREOEHKR, BELXRPRIIOVTHRSE, B, HWmEIT,
12. ZEXRPROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.
13, EEHEOEHKR, BHELEXRPRIXITOVTHRSE, B, HWmEIT,
14, ZEXHROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

WBEIEEHARE—AEDIDTHS BERHENDZEIOVTE, FHREZHEIVEERETIHS.

| RRABETAM 7 3% - 2% (Evaluation)

XN B DEREG0%),/ TLET—av e h BV A EE(20%)/ 3F R~ DS IO FEB4(20%)
LEROFERIZEDE, LAMIZEHET 5,

| 7% Rk (Textbooks)

EMREEHENEEEET 5.

| 3% X# (Readings)

EMREEHENEEEET 5.

| Z®D1t (HP %) (Others(e.gHP))
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LB303

FEBEa—F #EBE% BE& % HmiE 1
(Course Code / Course Title) (Colloquium 1)
S e EaE%E
nstructor)
ZFHR - . By o .
(Semester) HEZHAth(Spring Others) (Credit) 1B {5L(1 Credit)
HMBFNNULY =g BHAR:E
(Course Number) CHEG980 (Language) (Japanese)
— ERMBIRIGH A-B LAFIER
otes)

| $2® B#Z(Course Objectives)

EXMEOHARSFICEES IXMERGL, BELEZABRERERT HILICLY, MEXTLLERAH#ERIELIC, X
BOFRAOTLELT—2av DRENEBITEEEERET S,

In this course, students will intensely study literature related to the field of their Graduation Research and present the
information they have learned. In addition to acquiring the knowledge necessary to complete their Graduation Research, this
course aims to help students sharpen their literature reading comprehension skills along with their presentation skills.

| 22 DMA (Course Contents)

ZFEWEOHARSFICEES SN (FMEEOEMR )RR T 5. BRLEABROCERMEOEH KR ONTEED
TRRETL, BEOCRAREAVN—EDFERELGTIN—T - T1RAAYavEELT, FRRSFOME, RENLGERS, TL
EoT—avahEERS,

In this course, students will intensely study literature (specialized publications and academic papers) related to the field of their
Graduation Research. Students will present the information they have learned along with progress updates on their research
project. Through lively group discussions with the instructor and other lab members, students will acquire knowledge in various
fields of research while sharpening their presentation skills and cultivating a logical way of thinking.

| #2251 (Course Schedule)

1. EXBROEH KR, BELEXBORXISOVTHRSE, BN, HRETI,
2. EERHRAOEBIKR, BELIXEALR/XIZDOVTHRE, B, HRET.
3. EEHMROEBINR, BELEXEAR/XIZDOVTERE, B, HWmET.
4. FEHRROEBINR, BELEXEAOR/XIZDOVTERE, B, &HWmET.
5. EEHMADEHKR, BELLXBARIISOVTHRSE, M7, HREITI,
6. ZFEMEDESIKT, BELIXEPRIXITDOVTEHRE, B, HWmET.
7. FEREOEBIKR, BELXEPRXITDOVTEHRE, B, &HWmET.
8. EZXRBIROEHKER, BEELLXBAORXITOVTHRE, BN, HRETI.
9. ZFEMEDESIKN, BELXEPRIXITDOVTEHRE, B, HWmET.
10. ZEEHEOEHIKR, BHELEXRPRIIOVTHRSE, BN, HWmEITI,
1. ZEEHREOEHKR, BELEXRPRIITOVTHRSE, B, HWmET,
12. ZEXRPROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.
13, EEHEOEHKR, BHELEXRPRIXITOVTHRSE, B, HWmEIT,
14, ZEXHROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

WBEIEEHARE—AEDIDTHS BERHENDZEIOVTE, FHREZHEIVEERETIHS.

| RAEETAM 7S 3% - 2% (Evaluation)

XN B DEREG0%),/ TLET—av e h BV A EE(20%)/ 3F R~ DS IO FEB4(20%)
LEROFERIZEDE, LAMIZEHET 5,

| 7% Rk (Textbooks)

EMREEHENEEEET 5.

| 3% X# (Readings)

EMREEHENEEEET 5.

| Z®D1t (HP %) (Others(e.gHP))
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LB356

FEBEa—F #EBE% BE& % HmiE 1
(Course Code / Course Title) (Colloquium 1)
S e EaE%E
nstructor)
=y "~ B o
(Semester) FuHA{th(Fall Others) (Credit) 1B {5L(1 Credit)
HMBFNNULY =g BHAR:E
(Course Number) CHEG980 (Language) (Japanese)
— SRR A8 LARER
otes)

| $2® B#Z(Course Objectives)

EXMEOHARSFICEES IXMERGL, BELEZABRERERT HILICLY, MEXTLLERAH#ERIELIC, X
BOFRAOTLELT—2av DRENEBITEEEERET S,

In this course, students will intensely study literature related to the field of their Graduation Research and present the
information they have learned. In addition to acquiring the knowledge necessary to complete their Graduation Research, this
course aims to help students sharpen their literature reading comprehension skills along with their presentation skills.

| 22 DMA (Course Contents)

ZFEWEOHARSFICEES SN (FMEEOEMR )RR T 5. BRLEABROCERMEOEH KR ONTEED
TRRETL, BEOCRAREAVN—EDFERELGTIN—T - T1RAAYavEELT, FRRSFOME, RENLGERS, TL
EoT—avahEERS,

In this course, students will intensely study literature (specialized publications and academic papers) related to the field of their
Graduation Research. Students will present the information they have learned along with progress updates on their research
project. Through lively group discussions with the instructor and other lab members, students will acquire knowledge in various
fields of research while sharpening their presentation skills and cultivating a logical way of thinking.

| #2251 (Course Schedule)

1. EXBROEH KR, BELEXBORXISOVTHRSE, BN, HRETI,
2. EERHRAOEBIKR, BELIXEALR/XIZDOVTHRE, B, HRET.
3. EEHMROEBINR, BELEXEAR/XIZDOVTERE, B, HWmET.
4. FEHRROEBINR, BELEXEAOR/XIZDOVTERE, B, &HWmET.
5. EEHMADEHKR, BELLXBARIISOVTHRSE, M7, HREITI,
6. ZFEMEDESIKT, BELIXEPRIXITDOVTEHRE, B, HWmET.
7. FEREOEBIKR, BELXEPRXITDOVTEHRE, B, &HWmET.
8. EZXRBIROEHKER, BEELLXBAORXITOVTHRE, BN, HRETI.
9. ZFEMEDESIKN, BELXEPRIXITDOVTEHRE, B, HWmET.
10. ZEEHEOEHIKR, BHELEXRPRIIOVTHRSE, BN, HWmEITI,
1. ZEEHREOEHKR, BELEXRPRIITOVTHRSE, B, HWmET,
12. ZEXRPROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.
13, EEHEOEHKR, BHELEXRPRIXITOVTHRSE, B, HWmEIT,
14, ZEXHROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

WBEIEEHARE—AEDIDTHS BERHENDZEIOVTE, FHREZHEIVEERETIHS.

| RAEETAM 7S 3% - 2% (Evaluation)

XN B DEREG0%),/ TLET—av e h BV A EE(20%)/ 3F R~ DS IO FEB4(20%)
LEROFERIZEDE, LAMIZEHET 5,

| 7% Rk (Textbooks)

EMREEHENEEEET 5.

| 3% X# (Readings)

EMREEHENEEEET 5.

| Z®D1t (HP %) (Others(e.gHP))
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LB357

FEBEa—F #EBE% BEZ%HE 2
(Course Code / Course Title) (Colloquium 2)
S e EaE%E
nstructor)
=y "~ B o
(Semester) FuHA{th(Fall Others) (Credit) 1B {5L(1 Credit)
HMBFNNULY =g BHAR:E
(Course Number) CHEG980 (Language) (Japanese)
"E HBHRIBHREABLAREE
(Notes) 5 [EFEE X E

| $2® B#Z(Course Objectives)

EXMEOHARSFICEES IXMERGL, BELEZABRERERT HILICLY, MEXTLLERAH#ERIELIC, X
BOFRAOTLELT—2av DRENEBITEEEERET S,

In this course, students will intensely study literature related to the field of their Graduation Research and present the
information they have learned. In addition to acquiring the knowledge necessary to complete their Graduation Research, this
course aims to help students sharpen their literature reading comprehension skills along with their presentation skills.

| 22 DMA (Course Contents)

ZFEWEOHARSFICEES SN (FMEEOEMM )RR T 0. BRELEABTOCERMROEH KR OVNTEED
TRRETL, BEOCRAREAVN—EDFERELGTIN—T - T1RAAYavEELT, FRRSFOME, RENLGERS, TL
EoT—avahEERS,

In this course, students will intensely study literature (specialized publications and academic papers) related to the field of their
Graduation Research. Students will present the information they have learned along with progress updates on their research
project. Through lively group discussions with the instructor and other lab members, students will acquire knowledge in various
fields of research while sharpening their presentation skills and cultivating a logical way of thinking.

| #2251 (Course Schedule)

1. EXBROEH KR, BELEXBORXISOVTHRSE, BN, HRETI,
2. EERHRAOEBIKR, BELIXEALR/XIZDOVTHRE, B, HRET.
3. EEHMROEBINR, BELEXEAR/XIZDOVTERE, B, HWmET.
4. FEHRROEBINR, BELEXEAOR/XIZDOVTERE, B, &HWmET.
5. EEMADEHKR, BELLXBARIISOVTHRSE, M7, HREIT,
6. ZFEMEDESIKT, BELIXEPRIXITDOVTEHRE, B, HWmET.
7. FEREOEBIKR, BELXEPRXITDOVTEHRE, B, &HWmET.
8. EZXRBIROEHKER, BEELLXBAORXITOVTHRE, BN, HRETI.
9. ZFEMEDESIKN, BELXEPRIXITDOVTEHRE, B, HWmET.
10. ZEEHEOEHIKR, BHELEXRPRIIOVTHRSE, BN, HWmEITI,
1. ZEEHREOEHKR, BELEXEPMXICDOVTHE, B, SWRETI.
12. ZEXRPROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.
13, EEHEOEHKR, BHELEXRPRIXITOVTHRSE, B, HWmEIT,
14, ZEXHROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

WBEIEEHARE—AEDIDTHS BERHENDZEIOVTE, FHREZHEIVEERETIHS.

| RRABETAM 7 3% - 2% (Evaluation)

XN B DEREG0%),/ TLET—av e h BV A EE(20%)/ 3F R~ DS IO FEB4(20%)
LEROFERIZEDE, LAMIZEHET 5,

| 7% Rk (Textbooks)

EMREEHENEEEET 5.

| 3% X# (Readings)

EMREEHENEEEET 5.

| Z®D1t (HP %) (Others(e.gHP))
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LB402

FEBEa—F #EBE% BE& 8%k ihiE 3
(Course Code / Course Title) (Colloquium 3)
S e EaE%E
nstructor)
ZFHR - . By o .
(Semester) HEZHAth(Spring Others) (Credit) 1B {5L(1 Credit)
BMBFonNYLT =g BHAR:E
(Course Number) CHEG980 (Language) (Japanese)
"E HBHRIBHREABLAREE
(Notes) 5 [EFEE X E

| $2® B#Z(Course Objectives)

EXMEOHARSFICEES IXMERGL, BELEZABRERERT HILICLY, MEXTLLERAH#ERIELIC, X
BOFRAOTLELT—2av DRENEBITEEEERET S,

In this course, students will intensely study literature related to the field of their Graduation Research and present the
information they have learned. In addition to acquiring the knowledge necessary to complete their Graduation Research, this
course aims to help students sharpen their literature reading comprehension skills along with their presentation skills.

| 22 DMA (Course Contents)

ZFEWEOHARSFICEES SN (FMEEOEMM )RR T 0. BRELEABTOCERMROEH KR OVNTEED
TRRETL, BEOCRAREAVN—EDFERELGTIN—T - T1RAAYavEELT, FRRSFOME, RENLGERS, TL
EoT—avahEERS,

In this course, students will intensely study literature (specialized publications and academic papers) related to the field of their
Graduation Research. Students will present the information they have learned along with progress updates on their research
project. Through lively group discussions with the instructor and other lab members, students will acquire knowledge in various
fields of research while sharpening their presentation skills and cultivating a logical way of thinking.

| #2251 (Course Schedule)

1. EXBROEH KR, BELEXBORXISOVTHRSE, BN, HRETI,
2. EERHRAOEBIKR, BELIXEALR/XIZDOVTHRE, B, HRET.
3. EEHMROEBINR, BELEXEAR/XIZDOVTERE, B, HWmET.
4. FEHRROEBINR, BELEXEAOR/XIZDOVTERE, B, &HWmET.
5. EEMADEHKR, BELLXBARIISOVTHRSE, M7, HREIT,
6. ZFEMEDESIKT, BELIXEPRIXITDOVTEHRE, B, HWmET.
7. FEREOEBIKR, BELXEPRXITDOVTEHRE, B, &HWmET.
8. EZXRBIROEHKER, BEELLXBAORXITOVTHRE, BN, HRETI.
9. ZFEMEDESIKN, BELXEPRIXITDOVTEHRE, B, HWmET.
10. ZEEHEOEHIKR, BHELEXRPRIIOVTHRSE, BN, HWmEITI,
1. ZEEHREOEHKR, BELEXEPMXICDOVTHE, B, SWRETI.
12. ZEXRPROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.
13, EEHEOEHKR, BHELEXRPRIXITOVTHRSE, B, HWmEIT,
14, ZEXHROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

WBEIEEHARE—AEDIDTHS BERHENDZEIOVTE, FHREZHEIVEERETIHS.

| RRABETAM 7 3% - 2% (Evaluation)

XN B DEREG0%),/ TLET—av e h BV A EE(20%)/ 3F R~ DS IO FEB4(20%)
LEROFERIZEDE, LAMIZEHET 5,

| 7% Rk (Textbooks)

EMREEHENEEEET 5.

| 3% X# (Readings)

EMREEHENEEEET 5.

| Z®D1t (HP %) (Others(e.gHP))

-94 -
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LB457

FEBEa—F #EBE% BE& ki 4
(Course Code / Course Title) (Colloquium 4)
S e EaE%E
nstructor)
=y "~ B o
(Semester) FuHA{th(Fall Others) (Credit) 1B {5L(1 Credit)
HMBFNNULY =g BHAR:E
(Course Number) CHEG980 (Language) (Japanese)
"E HBHRIBHREABLAREE
(Notes) 5 [EFEE X E

| $2® B#Z(Course Objectives)

EXMEOHARSFICEES IXMERGL, BELEZABRERERT HILICLY, MEXTLLERAH#ERIELIC, X
BOFRAOTLELT—2av DRENEBITEEEERET S,

In this course, students will intensely study literature related to the field of their Graduation Research and present the
information they have learned. In addition to acquiring the knowledge necessary to complete their Graduation Research, this
course aims to help students sharpen their literature reading comprehension skills along with their presentation skills.

| 22 DMA (Course Contents)

ZFEWEOHARSFICEES SN (FMEEOEMM )RR T 0. BRELEABTOCERMROEH KR OVNTEED
TRRETL, BEOCRAREAVN—EDFERELGTIN—T - T1RAAYavEELT, FRRSFOME, RENLGERS, TL
EoT—avahEERS,

In this course, students will intensely study literature (specialized publications and academic papers) related to the field of their
Graduation Research. Students will present the information they have learned along with progress updates on their research
project. Through lively group discussions with the instructor and other lab members, students will acquire knowledge in various
fields of research while sharpening their presentation skills and cultivating a logical way of thinking.

| #2251 (Course Schedule)

1. EXBROEH KR, BELEXBORXISOVTHRSE, BN, HRETI,
2. EERHRAOEBIKR, BELIXEALR/XIZDOVTHRE, B, HRET.
3. EEHMROEBINR, BELEXEAR/XIZDOVTERE, B, HWmET.
4. FEHRROEBINR, BELEXEAOR/XIZDOVTERE, B, &HWmET.
5. EEMADEHKR, BELLXBARIISOVTHRSE, M7, HREIT,
6. ZFEMEDESIKT, BELIXEPRIXITDOVTEHRE, B, HWmET.
7. FEREOEBIKR, BELXEPRXITDOVTEHRE, B, &HWmET.
8. EZXRBIROEHKER, BEELLXBAORXITOVTHRE, BN, HRETI.
9. ZFEMEDESIKN, BELXEPRIXITDOVTEHRE, B, HWmET.
10. ZEEHEOEHIKR, BHELEXRPRIIOVTHRSE, BN, HWmEITI,
1. ZEEHREOEHKR, BELXRPRIIOVTHRSE, B, HWmEIT,
12. ZEXRPROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.
13, EEHEOEHKR, BHELEXRPRIXITOVTHRSE, B, HWmEIT,
14, ZEXHROEHRE, BELL-XEKORIISOVTHSE, BN, 5H#mET.

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

WBEIEEHARE—AEDIDTHS BERHENDZEIOVTE, FHREZHEIVEERETIHS.

| RRABETAM 7 3% - 2% (Evaluation)

XN B DEREG0%),/ TLET—av e h BV A EE(20%)/ 3F R~ DS IO FEB4(20%)
LEROFERIZEDE, LAMIZEHET 5,

| 7% Rk (Textbooks)

EMREEHENEEEET 5.

| 3% X# (Readings)

EMREEHENEEEET 5.

| Z®D1t (HP %) (Others(e.gHP))
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LB501

FEBEa—F #EBE% BEEEIERHE 1
(Course Code / Course Title) (Research for Master’'s Thesis 1)
E s
S e EaE%E
nstructor)
ZFHR . BfT o .
(Semester) & F #A1th(Spring Others) (Credit) 3B {31 (3 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
e
(Notes)

| $2® B#Z(Course Objectives)

FEOHRREICOVTHRZTL, EFIRIE B, BLOEZHLGRERNZEBR/L, REMRENEES. -, HER/
BZERIZOH, IRERTT D, oI, MEHRE (OERER)EEL T, HRRREBASLIVERLERNEERT D,

The students will conduct research on each topic, master the expertise, technique, as well as ability to think scientifically, and
develop problem—solving skills. In addition, the students will carry out research after learning its relevant ethics. Moreover,
through the midterm report (oral presentation), the students will cultivate their research presentation skills as well as their Q&A
skills.

| 2 DME (Course Contents)

BERBLDOBRBICKVART—YEREL, MEFEDORE, HRFBEORELREZTL, TNLITEIVTHEICEAS
[CEVHE , SoN-HRRREREL, FERE LB RFEAEL THEZIL TENOHREED, SHICEELHRADL
[FTUW, Ftz, ARGEBER LR EYEEREL, ARBELHIIOH, RET D, BEHRIZE, HIEOEHIZDOLNTHAME
HREZTO.

The students will set their research theme through consultation with their mentor, and carry out a discussion of their research
method, the formulation of their research plan, etc., and based on those, proactively incorporate it into their research. The
students will carefully examine the obtained research findings, and while organizing them through discussions with their mentor,
proceed with their research, as well as link them to advanced research. In addition, the students will attend research ethics
lecture classes and safety training, and acquire and practice research ethics. During the course, the students will give a
midterm report about their research progress.

| #2258 (Course Schedule)

1. HAFUR, BERGELE

EEHEDHEEDLLETHRE
BEEHEDEEDLHLLTHE?2
BEHEDIBEDHLLETHES
EEHEDREDLLTHES
BEHEDIBEDHLLETHES
BEHEDIBENDHLLETHEG
EEHEDREDLLETHET
9. IEEHENIIEEDNLLTHES
10. EBHEDIIEBDLETHE
1. BEHEDREDNDLETHEI0
12. HBEHEDHEEDLETHR1
13. HBEHEDEEDNLLTHE12
14. EEHEDEEDHETHE13

® Nk wN

| BREERBN(TE-EEE) DFE (Study Required Outside of Class)

PRT—VICEELE-XBOFET BROMRADHEDRABIVHEBEDEKE,

| BAEETAE 7 3% - B % (Evaluation)

HRFBORRICEIYREEIZETET S, (100%)

| TF X (Textbooks)

HEHADETRICHSIE,

| 22 3k (Readings)

HEHADETRICHSIE,
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LB502

FEBEa—F #EBE% BEEEIERHE 1
(Course Code / Course Title) (Research for Master’'s Thesis 1)
S e EaE%E
nstructor)
ZFHR - , BfT o .
(Semester) & F #A1th(Spring Others) (Credit) 3B {31 (3 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
ﬁ%% B RF [~
(Notes) 5 BIREEXNETE

| $2® B#Z(Course Objectives)

FEOHRREICOVTHRZTL, EFIRIE B, BLOEZHLGRERNZEBR/L, REMRENEES. -, HER/
BZERIZOH, IRERTT D, oI, MEHRE (OERER)EEL T, HRRREBASLIVERLERNEERT D,

The students will conduct research on each topic, master the expertise, technique, as well as ability to think scientifically, and
develop problem—solving skills. In addition, the students will carry out research after learning its relevant ethics. Moreover,
through the midterm report (oral presentation), the students will cultivate their research presentation skills as well as their Q&A
skills.

| 2 DME (Course Contents)

BERBLDOBRBICKVART—YEREL, MEFEDORE, HRFBEORELREZTL, TNLITEIVTHEICEAS
[CEVHE , SoN-HRRREREL, FERE LB RFEAEL THEZIL TENOHREED, SHICEELHRADL
[FTUW, Ftz, ARGEBER LR EYEEREL, ARBELHIIOH, RET D, BEHRIZE, HIEOEHIZDOLNTHAME
HREZTO.

The students will set their research theme through consultation with their mentor, and carry out a discussion of their research
method, the formulation of their research plan, etc., and based on those, proactively incorporate it into their research. The
students will carefully examine the obtained research findings, and while organizing them through discussions with their mentor,
proceed with their research, as well as link them to advanced research. In addition, the students will attend research ethics
lecture classes and safety training, and acquire and practice research ethics. During the course, the students will give a
midterm report about their research progress.

| #2258 (Course Schedule)

1. HAFUR, BERGELE

EEHEDHEEDLLETHRE
BEEHEDEEDLHLLTHE?2
BEHEDIBEDHLLETHES
EEHEDREDLLTHES
BEHEDIBEDHLLETHES
BEHEDIBENDHLLETHEG
EEHEDIREDLLETHET
9. IEEHENIIEEDNLLTHES
10. EBHEDIIEBDLETHE
1. BEHEDREDNDLETHEI0
12. HBEHEDHEEDLETHR1
13. HBEHEDEEDNLLTHE12
14. EEHEDEEDHETHE13

® Nk wN

| BREERBN(TE-EEE) DFE (Study Required Outside of Class)

PRT—VICEELE-XBOFET BROMRADHEDRABIVHEBEDEKE,

| BAEETAE 7 3% - B % (Evaluation)

HRFBORRICEIYREEIZETET S, (100%)

| TF X (Textbooks)

HEHADETRICHSIE,

| 22 3k (Readings)

HEHADETRICHSIE,
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LB503

FEBEa—F #EBE% BEEEIERHE 1
(Course Code / Course Title) (Research for Master’'s Thesis 1)
E s
S e EaE%E
nstructor)
ZFHR . BfT o .
(Semester) & F #A1th(Spring Others) (Credit) 3B {31 (3 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
e
(Notes)

| $2® B#Z(Course Objectives)

FEOHRREICOVTHRZTL, EFIRIE B, BLOEZHLGRERNZEBR/L, REMRENEES. -, HER/
BZERIZOH, IRERTT D, oI, MEHRE (OERER)EEL T, HRRREBASLIVERLERNEERT D,

The students will conduct research on each topic, master the expertise, technique, as well as ability to think scientifically, and
develop problem—solving skills. In addition, the students will carry out research after learning its relevant ethics. Moreover,
through the midterm report (oral presentation), the students will cultivate their research presentation skills as well as their Q&A
skills.

| 2 DME (Course Contents)

BERBLDOBRBICKVART—YEREL, MEFEDORE, HRFBEORELREZTL, TNLITEIVTHEICEAS
[CEVHE , SoN-HRRREREL, FERE LB RFEAEL THEZIL TENOHREED, SHICEELHRADL
[FTUW, Ftz, ARGEBER LR EYEEREL, ARBELHIIOH, RET D, BEHRIZE, HIEOEHIZDOLNTHAME
HREZTO.

The students will set their research theme through consultation with their mentor, and carry out a discussion of their research
method, the formulation of their research plan, etc., and based on those, proactively incorporate it into their research. The
students will carefully examine the obtained research findings, and while organizing them through discussions with their mentor,
proceed with their research, as well as link them to advanced research. In addition, the students will attend research ethics
lecture classes and safety training, and acquire and practice research ethics. During the course, the students will give a
midterm report about their research progress.

| #2258 (Course Schedule)

1. HAFUR, BERGELE

EEHEDHEEDLLETHRE
BEEHEDEEDLHLLTHE?2
BEHEDIBEDHLLETHES
EEHEDREDLLTHES
BEHEDIBEDHLLETHES
BEHEDIBENDHLLETHEG
EEHEDIREDLLETHET
9. IEEHENIIEEDNLLTHES
10. EBHEDIIEBDLETHE
1. BEHEDREDNDLETHEI0
12. HBEHEDHEEDLETHR1
13. HBEHEDEEDNLLTHE12
14. EEHEDEEDHETHE13

® Nk wN

| BREERBN(TE-EEE) DFE (Study Required Outside of Class)

PRT—VICEELE-XBOFET BROMRADHEDRABIVHEBEDEKE,

| BAEETAE 7 3% - B % (Evaluation)

HRFBORRICEIYREEIZETET S, (100%)

| TF X (Textbooks)

HEHADETRICHSIE,

| 22 3k (Readings)

HEHADETRICHSIE,
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LB556

FEBEa—F #EBE% BEEEIERHE 1
(Course Code / Course Title) (Research for Master’'s Thesis 1)
E s
S e EaE%E
nstructor)
YT "~ B o
(Semester) FHitta(Fall Others) (Credit) BE{I(3 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
e
(Notes)

| $2® B#Z(Course Objectives)

FEOHRREICOVTHRZTL, EFIRIE B, BLOEZHLGRERNZEBR/L, REMRENEES. -, HER/
BZERIZOH, IRERTT D, oI, MEHRE (OERER)EEL T, HRRREBASLIVERLERNEERT D,

The students will conduct research on each topic, master the expertise, technique, as well as ability to think scientifically, and
develop problem—solving skills. In addition, the students will carry out research after learning its relevant ethics. Moreover,
through the midterm report (oral presentation), the students will cultivate their research presentation skills as well as their Q&A
skills.

| 2 DME (Course Contents)

BERBLDOBRBICKVART—YEREL, MEFEDORE, HRFBEORELREZTL, TNLITEIVTHEICEAS
[CEVHE , SoN-HRRREREL, FERE LB RFEAEL THEZIL TENOHREED, SHICEELHRADL
[FTUW, Ftz, ARGEBER LR EYEEREL, ARBELHIIOH, RET D, BEHRIZE, HIEOEHIZDOLNTHAME
HREZTO.

The students will set their research theme through consultation with their mentor, and carry out a discussion of their research
method, the formulation of their research plan, etc., and based on those, proactively incorporate it into their research. The
students will carefully examine the obtained research findings, and while organizing them through discussions with their mentor,
proceed with their research, as well as link them to advanced research. In addition, the students will attend research ethics
lecture classes and safety training, and acquire and practice research ethics. During the course, the students will give a
midterm report about their research progress.

| #2258 (Course Schedule)

1. HAFUR, BERGELE

EEHEDHEEDLLETHRE
BEEHEDEEDLHLLTHE?2
BEHEDIBEDHLLETHES
EEHEDREDLLTHES
BEHEDIBEDHLLETHES
BEHEDIBENDHLLETHEG
EEHEDIREDLLETHET
9. IEEHENIIEEDNLLTHES
10. EBHEDIIEBDLETHE
1. BEHEDREDNDLETHEI0
12. HBEHEDHEEDLETHR1
13. HBEHEDEEDNLLTHE12
14. EEHEDEEDHETHE13

® Nk wN

| BREERBN(TE-EEE) DFE (Study Required Outside of Class)

PRT—VICEELE-XBOFET BROMRADHEDRABIVHEBEDEKE,

| BAEETAE 7 3% - B % (Evaluation)

HRFBORRICEIYREEIZETET S, (100%)

| TF X (Textbooks)

HEHADETRICHSIE,

| 22 3k (Readings)

HEHADETRICHSIE,
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LB557

FEBEa—F #EBE% BEEERIFRME 2
(Course Code / Course Title) (Research for Master's Thesis 2)
S e EaE%E
nstructor)
=y "~ B o
(Semester) FHitta(Fall Others) (Credit) BE{I(3 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
ﬁ%% B RF [~
(Notes) 5 BIREEXNETE

| $2® B#Z(Course Objectives)

FEOHRREICOVTHRZTL, EFIRIE B, BLOEZHLGRERNZEBR/L, REMRENEES. -, HER/
BZERIZOH, IRERTT D, oI, MEHRE (OERER)EEL T, HRRREBASLIVERLERNEERT D,

The students will conduct research on each topic, master the expertise, technique, as well as ability to think scientifically, and
develop problem—solving skills. In addition, the students will carry out research after learning its relevant ethics. Moreover,
through the midterm report (oral presentation), the students will cultivate their research presentation skills as well as their Q&A
skills.

| 2 DME (Course Contents)

BERBLDOBRBICKVART—YEREL, MEFEDORE, HRFBEORELREZTL, TNLITEIVTHEICEAS
[CEVHE , SoN-HRRREREL, FERE LB RFEAEL THEZIL TENOHREED, SHICEELHRADL
[FTUW, Ftz, ARGEBER LR EYEEREL, ARBELHIIOH, RET D, BEHRIZE, HIEOEHIZDOLNTHAME
HREZTO.

The students will set their research theme through consultation with their mentor, and carry out a discussion of their research
method, the formulation of their research plan, etc., and based on those, proactively incorporate it into their research. The
students will carefully examine the obtained research findings, and while organizing them through discussions with their mentor,
proceed with their research, as well as link them to advanced research. In addition, the students will attend research ethics
lecture classes and safety training, and acquire and practice research ethics. During the course, the students will give a
midterm report about their research progress.

| #2258 (Course Schedule)

1. HAFUR, BERGELE

EEHEDHEEDLLETHRE
BEEHEDEEDLHLLTHE?2
BEHEDIBEDHLLETHES
EEHEDREDLLTHES
BEHEDIBEDHLLETHES
BEHEDIBENDHLLETHEG
EEHEDIREDLLETHET
9. IEEHENIIEEDNLLTHES
10. EBHEDIIEBDLETHE
1. BEHEDREDNDLETHEI0
12. HBEHEDHEEDLETHR1
13. HBEHEDEEDNLLTHE12
14. EEHEDEEDHETHE13

® Nk wN

| BREERBN(TE-EEE) DFE (Study Required Outside of Class)

PRT—VICEELE-XBOFET BROMRADHEDRABIVHEBEDEKE,

| BAEETAE 7 3% - B % (Evaluation)

HRFBORRICEIYREEIZETET S, (100%)

| TF X (Textbooks)

HEHADETRICHSIE,

| 22 3k (Readings)

HEHADETRICHSIE,
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LB602

FEBEa—F #EBE% BEEE&IEFRME 3
(Course Code / Course Title) (Research for Master's Thesis 3)
S e EaE%E
nstructor)
ZFHR - , BfT o .
(Semester) & F #A1th(Spring Others) (Credit) 3B {31 (3 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
ﬁ%% B RF [~
(Notes) 5 BIREEXNETE

| $2® B#Z(Course Objectives)

FEOHRREICOVTHRZTL, EFIRIE B, BLOEZHLGRERNZEBR/L, REMRENEES. -, HER/
BZERIZOH, IRERTT D, oI, MEHRE (OERER)EEL T, HRRREBASLIVERLERNEERT D,

The students will conduct research on each topic, master the expertise, technique, as well as ability to think scientifically, and
develop problem—solving skills. In addition, the students will carry out research after learning its relevant ethics. Moreover,
through the midterm report (oral presentation), the students will cultivate their research presentation skills as well as their Q&A
skills.

| 2 DME (Course Contents)

BERBLDOBRBICKVART—YEREL, MEFEDORE, HRFBEORELREZTL, TNLITEIVTHEICEAS
[CEVHE , SoN-HRRREREL, FERE LB RFEAEL THEZIL TENOHREED, SHICEELHRADL
[FTUW, Ftz, ARGEBER LR EYEEREL, ARBELHIIOH, RET D, BEHRIZE, HIEOEHIZDOLNTHAME
HREZTO.

The students will set their research theme through consultation with their mentor, and carry out a discussion of their research
method, the formulation of their research plan, etc., and based on those, proactively incorporate it into their research. The
students will carefully examine the obtained research findings, and while organizing them through discussions with their mentor,
proceed with their research, as well as link them to advanced research. In addition, the students will attend research ethics
lecture classes and safety training, and acquire and practice research ethics. During the course, the students will give a
midterm report about their research progress.

| #2258 (Course Schedule)

1. HAFUR, BERGELE

EEHEDHEEDLLETHRE
BEEHEDEEDLHLLTHE?2
BEHEDIBEDHLLETHES
EEHEDREDLLTHES
BEHEDIBEDHLLETHES
BEHEDIBENDHLLETHEG
EEHEDIREDLLETHET
9. IEEHENIIEEDNLLTHES
10. EBHEDIIEBDLETHE
1. BEHEDREDNDLETHEI0
12. HBEHEDHEEDLETHR1
13. HBEHEDEEDNLLTHE12
14. EEHEDEEDHETHE13

® Nk wN

| BREERBN(TE-EEE) DFE (Study Required Outside of Class)

PRT—VICEELE-XBOFET BROMRADHEDRABIVHEBEDEKE,

| BAEETAE 7 3% - B % (Evaluation)

HRFBORRICEIYREEIZETET S, (100%)

| TF X (Textbooks)

HEHADETRICHSIE,

| 22 3k (Readings)

HEHADETRICHSIE,
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LB651

FEBEa—F #EBE% BEEF BLHiEEEE
(Course Code / Course Title) (Master's Thesis)
S e EaE%E
nstructor)
YT "~ B o
(Semester) FHitta(Fall Others) (Credit) BE{I(3 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
e
(Notes)

| $2® B#Z(Course Objectives)

BAIEARE 1~3 TRONHRBRZEZREL, MYFEDHAHLITEOT, HEHUEBEH(COTHELDIC, BLRXEERT
%, &b, AR (OBERR)EELT, MERRBABLIVERLERNEERFTI S,

The students will carefully examine their obtained research findings from specialized research 1-3, and through their
arrangement, acquire a logical mind as they prepare their master’s thesis. Moreover, through the final exam (oral presentation),

the students will master their research presentation skills as well as their Q&A skills.

| 2 DME (Course Contents)

BRI ~3 TRON-MERREREL, TEBRFATHEERELOHEBICKYRELZT—ITOVTERMICHREE
T2. TNOEDOARMNSBoNT-HREMYFELH T, BLHMXEERT 5. 52, BLHRXICETIREREBR(OBEXRR) T
T,

The students will carefully examine their obtained research findings from specialized research 1-3, reflecting on which they will
pursue their active study on the themes established during discussions with their mentors. The students will arrange the

findings obtained from those research works and prepare their master’s thesis. Moreover, the students will take a final exam

(oral presentation) concerning their master’s thesis.

| {2251 (Course Schedule)

1. BXimxXiEEEE
2. BrX@wmXIEEEE2
3. EBLXmXIEEEES
4. BEXHmXIEBEE4
5 BETRmXiEEEES
6. ELRXIEEERES
1. B RXiEEEE7
8. EBELXmXiEEEES
9. BELMmXIEEREO
10. BTHmXIEEEEZ10
1. BLXHmXEEEF11
12. BrwmXIEEEE12
13. BXmXIEEEE13
14. ELXHXIEEEE14

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

WRICBEEL XD BRI 1~3 DFRE. TNoEEICLEMEEE, mXERFTEOEE.

| BAEETE /3% - B (Evaluation)

ELHRX, QEERSICHARFTHOKRICEYREHIZFHET S, (100%)

| TF X (Textbooks)

HEHBDHETRICRSIZE,

| % Xk (Readings)

HEHADETRICHSIE,

| ZDHh (HP %) (Others(e.gHP))

- 110 -



- 111 -



LB652

FEBEa—F #EBE% BEEF BLHiEEEE
(Course Code / Course Title) (Master's Thesis)
S e EaE%E
nstructor)
=5 - B o
(Semester) FHitta(Fall Others) (Credit) BE{I(3 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
e i .
(Notes) 5 BIREEXNETE

| $2® B#Z(Course Objectives)

BAIEARE 1~3 TRONHRBRZEZREL, MYFEDHAHLITEOT, HEHUEBEH(COTHELDIC, BLRXEERT
%, &b, AR (OBERR)EELT, MERRBABLIVERLERNEERFTI S,

The students will carefully examine their obtained research findings from specialized research 1-3, and through their
arrangement, acquire a logical mind as they prepare their master’s thesis. Moreover, through the final exam (oral presentation),

the students will master their research presentation skills as well as their Q&A skills.

| 2 DME (Course Contents)

BRI ~3 TRON-MERREREL, TEBRFATHEERELOHEBICKYRELZT—ITOVTERMICHREE
T2. TNOEDOARMNSBoNT-HREMYFELH T, BLHMXEERT 5. 52, BLHRXICETIREREBR(OBEXRR) T
T,

The students will carefully examine their obtained research findings from specialized research 1-3, reflecting on which they will
pursue their active study on the themes established during discussions with their mentors. The students will arrange the

findings obtained from those research works and prepare their master’s thesis. Moreover, the students will take a final exam

(oral presentation) concerning their master’s thesis.

| {2251 (Course Schedule)

1. BXimxXiEEEE
2. BrX@wmXIEEEE2
3. EBLXmXIEEEES
4. BEXHmXIEBEE4
5 BETRmXiEEEES
6. ELRXIEEERES
1. B RXiEEEE7
8. EBELrXmXiEEEES
9. BELMmXIEEREO
10. BTHmXIEEEEZ10
1. BLXHmXEEEF11
12. BrwmXIEEEE12
13. BXmXIEEEE13
14. ELXHXIEEEE14

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

WRICBEEL XD BRI 1~3 DFRE. TNoEEICLEMEEE, mXERFTEOEE.

| BAEETE /3% - B (Evaluation)

ELHRX, QEERSICHARFTHOKRICEYREHIZFHET S, (100%)

| TF X (Textbooks)

HEHBDHETRICRSIZE,

| % Xk (Readings)

HEHADETRICHSIE,

| ZDHh (HP %) (Others(e.gHP))
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LB653

FEBEa—F #EBE% BEEF BLHiEEEE
(Course Code / Course Title) (Master's Thesis)
S e EaE%E
nstructor)
YT "~ B o
(Semester) FHitta(Fall Others) (Credit) BE{I(3 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHE6180 (Language) (Japanese)
e
(Notes)

| $2® B#Z(Course Objectives)

BAIEARE 1~3 TRONHRBRZEZREL, MYFEDHAHLITEOT, HEHUEBEH(COTHELDIC, BLRXEERT
%, &b, AR (OBERR)EELT, MERRBABLIVERLERNEERFTI S,

The students will carefully examine their obtained research findings from specialized research 1-3, and through their
arrangement, acquire a logical mind as they prepare their master’s thesis. Moreover, through the final exam (oral presentation),

the students will master their research presentation skills as well as their Q&A skills.

| 2 DME (Course Contents)

BRI ~3 TRON-MERREREL, TEBRFATHEERELOHEBICKYRELZT—ITOVTERMICHREE
T2. TNOEDOARMNSBoNT-HREMYFELH T, BLHMXEERT 5. 52, BLHRXICETIREREBR(OBEXRR) T
T,

The students will carefully examine their obtained research findings from specialized research 1-3, reflecting on which they will
pursue their active study on the themes established during discussions with their mentors. The students will arrange the

findings obtained from those research works and prepare their master’s thesis. Moreover, the students will take a final exam

(oral presentation) concerning their master’s thesis.

| {2251 (Course Schedule)

1. BXimxXiEEEE
2. BrX@wmXIEEEE2
3. EBLXmXIEEEES
4. BEXHmXIEBEE4
5 BETRmXiEEEES
6. ELRXIEEERES
1. B RXiEEEE7
8. EBELrXmXiEEEES
9. BELMmXIEEREO
10. BTHmXIEEEEZ10
1. BLXHmXEEEF11
12. BrwmXIEEEE12
13. BXmXIEEEE13
14. ELXHXIEEEE14

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

WRICBEEL XD BRI 1~3 DFRE. TNoEEICLEMEEE, mXERFTEOEE.

| BAEETE /3% - B (Evaluation)

ELHRX, QEERSICHARFTHOKRICEYREHIZFHET S, (100%)

| TF X (Textbooks)

HEHBDHETRICRSIZE,

| % Xk (Readings)

HEHADETRICHSIE,

| ZDHh (HP %) (Others(e.gHP))
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LCO021

FEBEa—F #EBE% BEEEHEHE 1
(Course Code / Course Title) (Research in Mathematics 1)
S MRS SERA
nstructor)
=y "~ B o
(Semester) FuHA{th(Fall Others) (Credit) 3BA{i(3 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) MAT6080 (Language) (Japanese)
e
(Notes)

| $2® B#Z(Course Objectives)

HEHADTT, FELTEIRXICIYERENZEMADIFOEDHLVIERXDOEFEITI BEITIHLT, HEKANER
DR TEMMBEBIRTHELHD,

AL, RENBEEBER > THPLAESEITENTESLIITERL T,

RRHIZIE, BLRXEERT S EEBRET D, ENOMRLFICE T 5B LCEMAEHIVIIRIXERALL, HRE
REETRELTINERIRT D,

Under their supervisors, each graduate student will, according primarily to the seminar format, read either books on their field of
expertise or papers. As needed, the supervisors will also teach expertise in the form of a lecture.

The faculty will provide guidance so that the graduate students will be able to face mathematics with an awareness for
problems.

Ultimately, the goal will be to prepare a master’s thesis. Therefore, the students will digest either appropriate technical books

or papers regarding their research field, and set their research problems and solve them.

| BZ DK (Course Contents)

HERR1 ~AERENTHBCHFEAEL VS THY, HEHEFTHAROARITELLGEALHE RSV LR
DIERETI. XY, ERECEELHEDHEDOT THRI IS FOMEZROZDEMELEET 5.1, 2TEEITEDHE
FEZRAMEICDELGHMBERINYT 5, BV TIIEMRXFESEICLTHRREEZHRTT . SORFEMNLANIT
T, RELEREICH T HXHERECEL THRERRICAIT-BEER TS, COBEIREOKRLERZLGBETHY, HHEHK
BIRELDBERCYEICIOTEREXET 5. &RERIC, HRBREICHIIBREBLR/NELTELED LITHEEEITI,

In Research in Mathematics 1-4, the graduate students will proactively conduct mathematical research, and the supervisors will
provide advice as well as instruction in the necessary knowledge while being mindful of research direction. First of all, each
graduate student will, under the advice of their supervisors, decide the details of their research field and select technical books
on it. In 1 and 2, the students will read those technical books and absorb the necessary knowledge for research. In 3, the
students will reference technical papers, etc. and set their research problems. From the latter half of 3 through 4, the students
will continue their inquiries into problem solving through the reading of literature regarding their set problems. This stage is the

most important part of the class, and the supervisors will support the students’ inquiries through debates with the graduate
students and advice. Finally, the supervisors will provide guidance on bringing together the students’ findings regarding their

research problems as master’s theses.

| #4518 (Course Schedule)

1. HAERIEE
HRIEE©2)
ARIEEQ)
MEiEE@G)
R IEE(©)
AR IEE®6)
HRIBET)
AR IEE®)
9. EFRIEE©)
10. HAFEIEE10)
1. HEBE0)
12. HERIEE12)
13. WARIEE1I)
14. HEIBE0D)

® NSk wN

| BEBERN (FE-EE%) D%E (Study Required Outside of Class)

HHREHEMNETT D,
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EITOHFE - ER(100%)

HHRBHEMNETT D,

EHRBHEAETT B,
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LCO081

MBa—F - #B4£ HEZ&G Tt TFoT—aViEE
(Course Code / Course Title) (Presentation Seminar1)
’ #2110 {#—(SUGIYAMA KENICHI)
([Ef'%t%) 7a#R B (NISHINO TAKEO)
SEHCEOr B #RER(ABE TAKURO)
T S T ity oot
(Semester) HFFHA(Spring Semester) (Credit) 2B {31(2 Credits)
#MBFoNYLH =8 BARE
(Course Number) MAT5090 (Language) (Japanese)
5
(Notes)

| 220 B4Z (Course Objectives) |
FEHOBRETE >R, B, BUICETOIERNENEEEET 5. BIC, BETOIMBEEHCLETBLTHENLEXE
EELALETDHESIZT D,

The students will review fundamental contents in algebra, mathematical analysis, and geometry that they learned in classes in
the department. Moreover, through solving problems, the students will practice to write mathematical manuscripts.

| 22 DMA (Course Contents) |
RE, 8B, B OVWTERREARNGEAREZEEL, BETLHEBMELHE, ERTRRLLIILR—rELTRELTY
LY, TRITHT BB OREIEEE T D, KB, BT, BT OVTENENAEGOLEEREETSFE,

The supervisors will review fundamental contents in algebra, mathematical analysis, and geometry. The students solve
exercises, either by presenting them at the blackboard or submitting their solutions as reports, and give explanations and
corrective guidance. Regarding algebra, mathematical analysis, and geometry, the plan is to discuss each topic for about four or
five times each.

| {2251 (Course Schedule)

1. BINOBROBEOME SV HMATESICET HREE)
A DIBROBBOME SV HMATESITET HRERE(2)
I DIBR BB OME L VM TEN BT HRERE )
A DIBROCHBBOME S UVHMATES BT HRERE(4)
W EERICRATOREN)

MR EHRICRAT HRIE(2)
BB EEERICRAT HRIRE(])
WA EEERICRA T HRIRE(4)
9. MEARWEHRIZETHMEG)
10. GrtEZERERICRET HRRE (1)
1. HEZERRICEY SME(2)
12, {SHEZERRICBE Y HRE(3)
13, (rtEZERRICRET HRRE(4)
14, HEZERRICBE Y HRE(5)

® N gk wN

| BEEMN (FE-BEZ) D% (Study Required Outside of Class) |
WEIZECTEEISHIET HARICDONTEBLTHELCIE,

| ARABEETAM A 3% - 2 (Evaluation) |
L7R—b (14 [E]) (100%)

| TF X (Textbooks) |
Hl2El,

| % Xk (Readings) |
RERICHERBNT S,

[ Z0Ha(HP %) (Others(e.£HP)) |
RALL T BEMN ARG E.

| SEBEEE (Notice) |
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LC082

MBa—F - #B4£ BEEKR TLoE TUT—aviEE2
(Course Code / Course Title) (Presentation Seminar2)
ZH HAE(YASUDA MASAYA)
i \
(l#_té%t%) HAY, T(GEISSER, THOMAS)
SEHEEOT KZ FEMIZUSAWA YASUSHI)
=g s B e
(Semester) Fh=HA(Fall Semester) (Credit) 2B {31(2 Credits)
BBFoNYLG =i BAREE
(Course Number) MAT5080 (Language) (Japanese)
5
(Notes)

| 220 B4Z (Course Objectives)

HPEROKRKERELLTREELESNBILRILDTLELT—aVEEN, Thbhs, BOOHERNREMDO ANZELUEZ HEE
NEZITDFBIEEZBET D, T, BRELTILELVT—2avzBLELET, FORRICOVTHENHIZIA =Sy —I 3
VETSZELEMTHS.

The goal will be to acquire the communication skills necessary as a graduate student majoring in mathematics—that is to say,

the skills to accurately communicate one’s research contents to others. Likewise, upon listening to a presentation as an

audience member, another goal will be to mathematically engage in communication regarding those contents.

| 2 DMF (Course Contents)

FPFTHASLVRELT, HEHKELY, MEOTLEUT—2avE 5L TREAELDBIEEZRH TS, RUNT, HEHEOE
BILE T—av bl nIciT 5 T4R Ay avE1T5. TOLT, ZHEEIL, HRBICEIT2HMBEORE SEOWMER
B, BUOL, ZNICEAELEXBBNEELT, TLE T—av OB RBRAFIILERS, -, hOSNEQTLET—I3
VIZHRLT, FORBIZHT BT RAV AV ELUVTLELT—avIcn 3 57524 T, HMEOHFEMIZI2 =4y —
AVEENEBHED.

At first, as guidance, the teacher in charge will explain the fundamental points for giving a mathematical presentation.
Afterwards, the teacher in charge will give a model presentation and hold a discussion on it. Additionally, the class members will
introduce solutions of various problems in mathematics, each of their research contents or the relevant literature, and learn the

presentation skills through them. Furthermore, the students will help to improve each other’s mathematical communication skills

by discussing the contents as well as criticizing the presentation of the other participants’ presentations.

| #2258 (Course Schedule)

1. HAZVR A/ BEITKBERILELT—ay
HEEOEE()
HAERBOBN (1)
MENBDEN (2)
HEEDEE(2)
HRIEDRE(I)
HRIEDRE (4)
MERNBDHEN(3)
9. HMENBEDBN(4)
10. HAEANBEDOBN(5)
1. HERBEDOHEN(6)
12. HEREDEN(7)
13. HRANBTDOBN(8)
14, HEANBEDOBN(9)

® Nk wN

| BEERBN(TE-EEE) DFE (Study Required Outside of Class)

RRADAZAF, BXY, LOADER, EREITERICBVTETRT S,

| BAEETAE 7 3% - B % (Evaluation)

T30 R—/"— (BENGW/MENBDTLET—ay GEHEDG)/FERANBICEATHLR—F (#E2k[E)(20%)

| T X X (Textbooks)

L

| 22 3k (Readings)
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LC139

#MEa—F HEA LC139./fZ#T 45 1
(Course Code / Course Title) (Special Lecture on Math. Analysis 1)
E s
il WA #=(YAMADA YUJD)
(Instructor)
BT . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) MAT6390 (Language) (Japanese)
— CA204 RIS, RO130 ISR 1 EAFIER

| $2® B#Z(Course Objectives)

1:2:3 FTOWAED - BITFTHOREERFTA. SVEALBEANDEBERDD

Using the knowledge of the undergraduate course of analysis, we study more advanced mathematics courses.

| 22 DAA (Course Contents)

BRY. HICHRRETLIFEROEEIREDILN AL,
RENERBEFESHEDRFTI—IVIRLRAMONTNDA, FEHI {on+alen(p & q [FEWIR)DHIZERE D
RUNFAETHENERASNI=DIL 19 HILDZETHY . FDFEBAIZIL Dirichlet #¥. L BEHGEDEFTARALGND,

There are rich theorems and conjectures in number theory, especially in prime numbers.
Though it is known since the era of Euclid that there is an infinite number of primes, the theorem of arithmetic progressions of
Dirichlet was proved recently in the 19th century. The proof is done using the Dirichlet series and L—functions.

| 22 51E (Course Schedule)

1. R FZEHNERESHDIIHEDLALNA

2. Euclid DERE.

Euclid 2igj = HIBAS T 7 )L 8Bl =>—E N R . 4n+1 BOFRHK. 4n+3 BOFRHL

EHI O LIBR (THEE)

Dirichket #&#8(1). INZREH, Abel DFRENE TS %

Dirichket #R#5(2)., INZREH, Abel DFRENZE TS %

RE#EREEH . Dirichlet % E BIltE

Landau DEE, T—2B#MN s=7D 1 fLOEEELDZE

BRI

£ —5E% D Euler F&. FECDOVWTWEIRIE - TORLE- BB D BED (I - Lagrange D E
9. BITOVWTQERISS - ERNTE -FIRE -HOEE - MEHOFELH

10. EEIZTDULTER)AR Abel BEDOEAKRTFTIR - FEDIEIE

11. BB Abel BEDIEIEEE. 151EDE M. Dirichlet 51Z

12. AR Abel HOEATE, IFZHLORENMSMNEILE

13. LB s=1 TORSE L, BB - RZIRDEE

14. LBIE®D s=1 DRAYTOIRSEL V). BRI EEDIHA

®© NS gk w

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

SEFTHRIMFLEHMONSEEBL TS, THEBLTHECENEFZLL . BRERDEB IV T THLEHNEFT
60

| BAEETAM A 3% - % (Evaluation)

FEHE D L AR—(50%)/ H FEBEEE(50%)
SETOBERZETIEIRYFE->TWVEVFHLLVABRLZO T, HELTHEEFHEKCLEEZERT S,

| TF X (Textbooks)

7L

| % X#k (Readings)

1. /NBF Z 1987, [#iERFER]. %R (ISBN:978-4785310509)

2. KA #2030, [)—<>F AL, HfiizEsmit (ISBN:978-4-297-11452-7)
3.D.B. ¥y —_ 1990, [#hERAFI). BEENE (ISBN:978-4000055154)

4.JP. £—)L. 2017, [#EmaE=]. 5K EE (ISBN:978-4007305924)
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LC142

FMEa—F/ #B%
(Course Code / Course Title)

LC142/fRATE45ER 4
(Special Lecture on Math. Analysis 4)

et IWE #=(YAMADA YUJI)
(Instructor)
*H o BfL " ,
(Semester) A (Fall Semester) (Credit) 2BA{31(2 Credits)
*:I'Ej“// \’Uyﬁ Egﬁ‘ EZKEE
(Course Number) MAT6390 (Language) (Japanese)
i CA205 fR#fT# M3, RC142 T2 mAL BRI X
(Notes)

| $2® B#Z(Course Objectives)

FEYBTEAROGLLTT —SEREZV. TENOoDER L CRRRIREL D ICABIELT Yang-Baxter AKX DAEZE
BT 5, SHICAIRBFREIZE T HBBATIETDRMHEMEZE S,

We study theta functions as typical examples of meromorphic functions and learn their quasi—periodicities and infinite product
expressions. As an application of theta functions, we give some solutions to the Yang—Bater equation. We also study the
commutative sets of transfer matrices in solvable statistical mechanics.

| 22 DMA (Course Contents)

FEEBITEAROFHELTT—2BEREZV. TNOoDER R CERRIEEE D, IGABIELT Yang-Baxter AKX DFE
15, SOICABRFEYICE T HERITIIEZDANIREETF A,

We study theta functions as typical examples of meromorphic functions and learn their quasi—periodicities and infinite product
expressions. As an application of theta functions, we give some solutions to the Yang—Bater equation. We also study the
commutative sets of transfer matrices in solvable statistical mechanics.

| #2258 (Course Schedule)

1.

© o N gk wN

-
=4

11.
12.
13.
14.

2 Rt D Ising 181 FHELFE . Boltzmann DRIE, HECEEEL. 1Rt Ising BRE DB 175
RIMVEBDOTUVILENRXTEAVMLER EOBEREOREEK

RILIVZERBD T IVEE (E)
Yang-Baxter A2 (YBE)

YBE Mf#(1):McGuire—Yang DfE. #1HAZEH. unitary B8R R
YBE D#£(2):6 TERIERE  #EAZHE . unitary B McGuire-Yang DL DEEZ
6 TERIEEN YBE DETHHEDEEHA

6 THRER L2 RTABIRFEE OBRITIHI ORI, HEAL-RE
BRATINDOITEEDKICRREMEAV-RBEDOHIS, T—2BEHRDEE.

IERIME., 2ERFHA%

T—AEBDERAELEZADEEHEEF A DT, Cauchy DFEHE, Liouville DEE,
Rouche M FEE ., T—2EH D BEFEFEDEN

TAEBOMEAK

YBE DfE(3): T—2B%fE (8 THRERY)
8 THEEE N YBE DA THAHZEDFEA)
8 THEEE N YBE DR THAZEDFEAQ)

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

FICEL, HEZERT D,

| RRABETAM 7 3% - 2% (Evaluation)

B RN E T HEMEDLH—N60%), R EG0Y)
SETOBETHBRY RO TVELNHLLABLEOT, L THEEMKCLEEBRT 5.

| 7% Rk (Textbooks)

L

| & 3k (Readings)

1. R.J.Baxter. 2008. Exactly Solved Models in Statistical Mechanics. Dover Publications (ISBN:978-0486462714)
2. R EXR. 2012, [EFFHLVYL-N\UR2—FERK]. AE LI (ISBN:978-4621064672)

3. MR EX. 1998, [RA/ZYIEFH] FIKEIE (ISBN:978-4000106542)

4. BF B—.2003.[EFAIESRAM] /T X%t (ISBN:978-4781999524)

5. 14t &, 2020, [#EMIBE%EGR] . IR KFHMRE (ISBN:978-4130613149)

- 123 -




6. D. Mumford. 2010. 7ata Lectures on Theta I Birkhauser Boston (ISBN:978-0817645724)
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LC143

HMBa—F/EB%

(Course Code / Course Title)

LC143 /fRATE4FEM 5
(Special Lecture on Math. Analysis 5)

T—X /T EARILVE
(Theme / Subtitle)

VYR BRIZH T DIEEDO MR L%

BHES & =ER(KAKEI SABUROU)
(Instructor)
A . Bifsf i e )
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
BMEFNYY =g BARE
(Course Number) MAT6390 (Language) (Japanese)
e CA207 BRHT M5 . RO143 RATLIHEL A FIEE
otes)

| 22 0 B4Z (Course Objectives)

HIEMBEZIZH DV ERE, [EHEORRIALZIZHRDIARSRT 5,

| 22 DMA (Course Contents)

HEYMBR(CEFTEVINFERE, REANZE, T53AIYE, EREAFLEDSFIFLHEOYEETILELTEHENS,
ZINLITHETHHBOMEELT, VI EFIENSIREGRERSHFHIIRSIBSIWENEToND, KEETI, CO7
BIZBTHERNLGTAT 7%, LBEMEMLHEELTRNT 5. BISTEHORRMALE I EFENSFEEPDICHERE

5&&)60

| #2258 (Course Schedule)

1.

2.

3.

REBAER): BFRBDSRBS AR

Wave equation (1): From lattice vibration to PDE

REAERXQ): RBAEXDOE

Wave equation (2): Solutions of wave equation
FERRIZIREN(1): #RTZIREN S IEHRS IR ED

Nonlinear waves(1): Linear wave and nonlinear wave
JE#RTZ K EN(2): Burgers H 8 & Cole—Hopf it
Nonlinear waves(2): Burgers equation and Cole—Hopf transformation
JELR T R EN(3): Korteweg—de Vries (KdV) HIER
Nonlinear waves(3): Korteweg—de Vries (KdV) equation
Kdv AFEXITx I SEEDAE()

Hirota's blinear method for KdV equation(1)

Kdv AFEXITx I SIEEDAEQ)

Hirota's blinear method for KdV equation(2)

KdV AKX T HEHDAERG)

Hirota's blinear method for KdV equation(3)
FHRARRIIETHEHOAEN)

Hirota's blinear method for Toda equation(1)
FHARRIIHTHLEEHDAE®)

Hirota's blinear method for Toda equation(2)
FHRARRITETHEHDAIE®R)

Hirota's blinear method for Toda equation(3)

Backlund Z#LTER{EHZFR)

Backlund transformations and vertex operators (1)

Backlund LT R 1EFAR(2)

Backlund transformations and vertex operators (2)

Backlund T LTE S EAZR®Q)

Backlund transformations and vertex operators (3)

| BREEBN(TE-EEE) DFE (Study Required Outside of Class)

EHMOAERXDEH DB L (CA225 MR ARRAAM TIRSEBEEDELD) ITOLWTIXEREL TSI EAEELLY,

| BAEETAE 7 3% - B % (Evaluation)

REREE (20%)/ 48 5 [E D L 7R—H(80%)

| T X X (Textbooks)

L
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CEEABRE. 2013, [EEERICED YU O], BHIKREE (ISBN:4007300798)
ZEHYE - mEEXR-FEREA, 2016, [V O], AHKENE (ISBN:400730369X)
SEE A, 2001, [AIEAROER: FREFEZOMHME]. HIHAR (SBN:4320016696)

w N =
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LC147

#MEa—F HEA LC147./ REUEFR 1
(Course Code / Course Title) (Special Lecture on Algebra 1)
EHEE FRJII EE&KUMAKAWA NAOKI)
(Instructor)
BT . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
BBFoNYLY £ AAE
(Course Number) MAT6190 (Language) (Japanese)
i CAT91 KBRS . RCI4T RESHR1 LA FIEE
(Notes)

| $2® B#Z(Course Objectives)

COEETIE, BROB OBBMMESL, TICERETOBERISANTIKELEELTS.

The main purpose of this lecture is to study arithmetic properties of integers from the viewpoint of complex analysis.

| 22 DAA (Course Contents)

MNEFBYGRICBTEZOMEIT TN EREEMR I HERIBETHS. LALGHDS, TENODFRIZEILELERFDELS
NEOMBELELTD. HIZE, V—oOE—2EH HOVEREOHHEROERIBOERELBEU DO ABERTIE,
NODEBOEARMEEZY, FARROHAEZL, T1VILOEMRBERGEDNDEE~DIAESZD.

In most cases, problems in elementary number theory are easy to understand their statements.
However, their solutions often require deep knowledge of other areas of mathematics.

For example, the theory of special functions such as the Riemann zeta function and the gamma function is connected to the
theory of numbers. In this lecture, we will study some fundamental properties of these functions and give the proofs of some

theorems such as the quadratic reciprocity law and Dirichlet’'s theorem on arithmetic progressions.

| #2258 (Course Schedule)

1. FAREOMEZRNETIILDOEMRIMTEE
BEREHHROES
TAVILBB DU - F 8k
BEHELTOTAVILHH
A< (1)

A< (2)

A< Q)
J—=<rnE—428E% (1)

9. Y—IrDE—5E% (2

10. Y—<oDE—%2E% 3)

1. YaEOT—4BE% (1)

12. YaEDT—A2BEE (2)

13. EAEKROHEEER DA
14, T4)ILOEMREEE DA

® NSk wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

ERBAMHOEBNBO——DEITEESE) 2HIEERET S.
Fz, BEICHLTEEICHETIARICOVTEZT TS,

| ARABEETAM A 3% - 2 (Evaluation)

LR—h (38 % [E) (100%)

| TF X (Textbooks)

HIZEL

| % Xk (Readings)

REDICHERENT D

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)
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LC152

#MEa—K FB% LC152 /R4 6
(Course Code / Course Title) (Special Lecture on Algebra 6)
BLER SEH FO#BI(SHIBATA KAZUKI)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) MAT6190 (Language) (Japanese)
i CA196 A6, RCI52 RESH RO A ML
(Notes)

| $2® B#Z(Course Objectives)

AHRIRRDEREF S, AHRIRDOE R CEANMEZZALR, BAGIELTREMNSRERERL, THRIRROKYRVOER
BT,

The purpose of this course is for students to learn the basics of commutative algebra. After students learn the definition and
basic properties of commutative rings, the course explains specific examples of graded rings to facilitate students’ deeper
understanding of commutative algebra.

| 22 DMA (Course Contents)

AHIRR XS HRAECHEERGEDMABLRVEDYAHY, SEFETIZZLOHARBEREIHY, SHEBAICHEINT
WANHTHD, ABERTIE, ATHF THRIIRICEHITIERCHEZHERL LR, RF¥THESERMARIEEZT—<&L, BK
BBV OMEF TIRDMEICOVNTHESR T 5.

Commutative algebra has a deep relationship with other fields such as manifolds and combinatorics. The field is actively
researched and has produced many recent findings. In its first half, this course aims to lecture on the definition and properties
of commutative rings. In its latter half, the course aims to cover combinatorial commutative rings, and their properties are
described through concrete examples.

| #2251 (Course Schedule)

1. ROEE
2. MBOERETOMHE

3. MBEOERRER

4. MEEDORY, 25

5. MBEEOTUVILE

6. ATTILDERATTILADZEEQN)

1. ATTIDERATTILADHEQ)

8. R—A—IRELERNHE

9. REMFERERMAFEME

10. Stanley-Reisner RO EZH LU FDMHEE()
11. Stanley-Reisner RO EHZH LU FDHEE(2)
12. FHEHROERSIVUZTOMEN)

13. FBEREOERSIVETOMHEQ)

14. F&H

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

SRR 1212 T HAHEET D, 4512, AOMLVERIZDONTIZEEAEL, SFEEOH T, T, TREZ 1IIXBBFTH
BHTENEELLY,

| BAEETAE 7 3% - B % (Evaluation)

L7R—(40% X 2)(80%)/ 2 2 N;EH (20%)

| ¥ R (Textbooks)

L

| 2% 3k (Readings)

FEEORTRNT B,

| Dt (HP %) (Others(e.g HP))
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LC156

#MEa—K FB% LC156./ & fal2E4Fim 2
(Course Code / Course Title) (Special Lecture on Geometry 2)
i 21U {#—(SUGIYAMA KENICHI)
(Instructor)
=y o B o

(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)

BBFoNYLY £ AAE

(Course Number) MAT6290 (Language) (Japanese)

— CA198 BLHIM 2. ROI56 BALHH2LAFIEE

| $2® B#Z(Course Objectives)

COEETIIHEORAEEZHEHRLE. SRITA—V)YFRADE/NHEELRFEER, FHHE—FEOHEICONTHESRT

60

In this course, we will discuss a theory of minimal surfaces, harmonic maps and surfaces of constant mean curvature in Euclid

space of three dimension, after a brief review of fundamental invariants of a surfece.

| 2 DMF (Course Contents)

SRFTA—Y)RZEMIZH 1+ 5B/ E P FE I E—F DO/E L Weierstrass DRIFTEEEEL TERBHEFTHELTRERIC
HdD. REE T B/NHECTFHME—F(ICEATIERNGEEEMELI-OL, 3RTI—V)YRERICEHAFENTF

)RR —E OHEITEREIZPRDHELD Hopf [CLDFBERA R TIHME—FDOHMEICOVTHERT .

Minimal surfaces and surfaces of a constant mean curvature (which will be denoted by CMC for brevity) are related to
holomorphic function via the Weierstrass representation theorem. In this lecture, after a brief review of fundamental theorems
of minimal surfaces and CMC, we will explain the Hopf 's theorem which says that an immersed CMC in f¥mathbb R} 3is a
round sphere and a notion of conjugacy of CMC.

| {2251 (Course Schedule)

1.

9.
10.
11.
12.
13.
14.

® N gk wN

HEOAEE (B1EAERAEE2EAEK)
FEREEZDEA

Weierstrass DR IFEE
FARBBRET B E—F ORE
745 R 3 (Euler-Lagrange HTE=)
Noether @ & ¥ (5 #R %)
EHERAKXEZDIEA

Hopf #5

Hopf M E X

Gauss—Codazzi FFE=
Gauss—Codazzi FFEX DIt B
B/ EETFhE—F DT
w/EEE TR —EO/E2
#OD DI

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

B SERERROBERMNBIHERES 5.

| ARABEETAM A 3% - 2 (Evaluation)

LR—ERER(Report Exam)(60%)/ £ #& L 7#k— I (Final Report)(40%)

| TF X (Textbooks)

L

| % Xk (Readings)

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)
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LC167

LC167 /T HUFIER 1
(Special Lecture on Statistics 1)

BT FtE Bt AR YR

RIEF {&FE(MANO SHUHEID)

HZHA(Spring Semester) 2Bi{i7(2 Credits)

BAGE

(Japanese)

MAT6590

CA219 ffiat #3451, RC167 MET M FHM 1 LARIIZEE

EFHREICEITOMEEE, BERYEDISAICOVTES.

Studying discrete and stochastic mathematics in quantum computation.

EFHEOEAREHEGL, CAKEOHANSHIKENTILIYXLEBN TS, ME-1FHR- M OBEATIRELAEL.

Fundermentals of quantum computation are explained, and algorithms with applied mathematical interests are introduced.
Knowledges of physics, nor information science, nor statistics, are not assumed.

1. Introduction

2. Classical Compuation 1: Turing Machines

3. Classical Computation 2: Circuits

4. Classical Compuation 3: Computational Complexity

5. Quantum Computation 1: Quantum Probability

6. Quantum Computation 2: Quantum Circuits

7.  Quantum Computation 3: Basic Algorithms

8. Abelian Groups and Algorithms 1: Period Finding

9. Abelian Groups and Algorithms 2: Phase Estimation
10. Abelian Groups and Algorithms 3: Hidden Subgroup Problem
11.  Algorithm for Sampling 1: Backgrounds
12.  Algorithm for Sampling 2: Quantum Supermacy Demonstration
13.  Algorithm for Sampling 3: Stochastic Computation
14. Summary

5. Reviewal.

LR—ERE&(Report Exam)(70%)/ F1 8] L-7R—(30%)

&
pai

1. Bernhardt. 2019. Quantum Computing for Everyone. MIT Press (ISBN:9780262539531)
2. Kitaev, et al.. 2002. Classical and Quantum Computation. American Mathematical Society (ISBN:9780821832295)
3. Scherer. 2019. Mathematics of Quantum Computing. Springer (ISBN:9783030123574)
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LC191

#MEa—F HEA LC191 /BT F45em 1
(Course Code / Course Title) (Special Lecture on Information Science 1)
HEEL =
&R HE{T(SHINOHARA NAOYUKI)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 Bi{51(2 Credits)
*—I'Ej“// \’Uyﬁ Egﬁ EZKEE
(Course Number) MAT6490 (Language) (Japanese)
e CA179 [E#RFEI 2R 1. RC191 HIMEPHR 1 LERABE
(Notes) TEHRRE BERIEILUTOESY[]

| $2® B#Z(Course Objectives)

TLS TXLEAENS RSA IEENEMEROHDHET, AREBEDREMHIHBEIZDOLNTES,

Cultivate a better understanding of RSA cryptography, which is commonly used in TLS, to learn about the safety value of public
key encryption.

| 2 DMEA (Course Contents)

TLS [EA 38—y ETIEREREIELTESETETOMILTHY, ZODTIEABRIBEOHERIEELENFERS
hTWb, BICARERESTHE RRABSBOHEOHEYMEZZEMOEBLT S, RIABESNEERSATEY, £ED
MEHENZTOREEFMOMEEFITOTLNS,

CDEZETIE, RSA BEEDEBELBFICAHIIEEDTILTYXLEREAT S, SHITTNHET)—Y I THIHXNES
AT .\ Risa/Asir ZAWTRELTHIEERRZITIN, FILTVAXLIZF>EFHEIZEST, ThoD7ILTY X LOFHEKE
[ZDWWTHEET S,

TLS is a protocol that encrypts and transmits information over the Internet, which uses public key encryption and secret key
cryptography. In particular, RSA cryptography is widely used for public key encryption with security based upon the difficulty of
calculating prime factorization, and research institutes in each country are conducting research on its safety value.

This lecture explains various algorithms related to implementing and deciphering RSA cryptography. Students learn the
efficiency of them by either implementing them on the free software Risa/Asir and performing numerical experiments or hand
calculation based on those algorithms.

| #2251 (Course Schedule)

1. [ZL®IZ(TLS, RSA EEE)

HMIEY T~ ASIR DfELNA

RSA BEESDMEZHEHOAER GLEILHES)
IShRTRRADER

05307 EE

Fermat test, Carmichael ¥, EEEEND =Rt
Miller—Rabin test

FHEIBAER AR

9. RIS EE

10. RSA BEEMDEE (KR Euclid ERRE)

1. EBHEBOZRRBLETILT)X L (Fermat %)
12. EEFHEOREHSET7ILIVR L (ZREER)
13. ZREFEDHE

14. 093305 EE

©No oA wN

| BEEMN (FE-HEE%) D%E (Study Required Outside of Class)

RERRNOFEICET HERE, LEICISCTHRETRT 5.0

| RUAEETA 7 3% - 2 (Evaluation)

HFEREFE (49%)/ B [E D /ML R—R(51%)

| 7F R (Textbooks)

2L,

| 22 3k (Readings)

| Dt (HP %) (Others(e.g HP))
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LC193

#MEa—F HEA LC193 /BTl F45:m 3
(Course Code / Course Title) (Special Lecture on Information Science 3)
T—Y /YT AAVE

(Theme / Subtitle) RBEFTFAF
BSEE TH HE(YASUDA MASAYA)
(Instructor)

=3 N ET ey

(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)

BBFNYLG =i BAREE

(Course Number) MAT6490 (Language) (Japanese)

e CAI81  {EHMLHBHI. RC193 BHELHRILARBE

| 22 0 B4Z (Course Objectives)

REYEAEZDAFIZEITEEAMAEZRNT S, BERMICIE, FEFEICHTHHBEORMER A A—DER-EHEHIC,
AIRRER M SHRADOMGEEMRIHIEEEET. oI, RBBRROEREZSERIC, ZO—HIELTHEMBIRDH
BEZEBETLILERRNICERT. Tz, ARELOBAMKROMUBAEFEZEENTS.

We introduce a basic part of algebraic geometry. Specifically, we aim to have a geometric image of curves in the projective
plane and to understand the correspondence between commutative algebra and algebraic varieties. Furthermore, while learning
a basic theory on algebraic curves, we will finally aim to understand the group structure of elliptic curves. In addition, we
introduce several methods for point—counting on an elliptic curve over a finite field.

EZEDMAZ (Course Contents)

RD4DDEIZHHTT, RERAMAFIOBEARS EARK LOEABBROMBEHEELRENTS:
1 E S TFEETEMBRGE

2 E AHIRERB SRR (5 [@)

3 B REBh R EAE AR (4 @)

4 E FRIAEOEMBERO A EETE (2 E)

We introduce a basic part of algebraic geometry and several methods for point—counting on an elliptic curve over a finite field
with the following four chapters:

Chapter 1: Projective plane and plane curves (3 lectures)

Chapter 2: Commutative rings and algebraic varieties (5 lectures)

Chapter 3: Algebraic curve Theory and elliptic curves (4 lectures)

Chapter 4: Point—counting on an elliptic curve over finite fields (2 lectures)

| {2251 (Course Schedule)

1. SEFEEFEER): FEEREFZ TR

2. SETEEFERBRE): NRELHZER

3. HETEEFEBMER): FETFEOEBAKEEETSREANS
4. ERIBERBSHRE0N) RI—BLEERATTILLE

5. AIBIRERHMZHRIARQ): BATLL LR EE

6. AMHAIREKBMBHAQ): ERILEBHLELNILINOBEATE
7. AIBRIRERMEZBEL): T IO RBEBALERILEDOEATE
8. AMAIRERLERIRG): AR B HRIK

9. HREBhIRIBEABMABERG) R ERBIIREE F5E

10. REERIREHEFBEABERER): ) —<>-Ov RO EE

11, R¥phiRREFEABEQ) BRSO ME

12, REERIRHEFEMBERQ)  FEHBEROEEE

13. HARALOHEMMEOREEE ()

14. BHRALOEABROLIEEE (2)

| BEEBN(TE-EEE) DFE (Study Required Outside of Class)

BH, SE3TXALETFTE -BELTEIENEZELLY

| BAEETE 7 3% - B2 (Evaluation)

EHE DEBELR—(80%)/ H FEEE E(20%)

| T X X (Textbooks)
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1. LEREm. [AHRAIAF]., SKENE (ISBN:4007308357)
2. BERAT. MBI, &R (ISBN:432001569X)

WEITISCTHERNTHETRYT 5.
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LC200

#MEa—F HEA LC200. FEHE:H2
(Course Code / Course Title) (Probability Theory 2)
T—Y /YT AAVE .
(Theme / Subtitle) YIS TEEARN
S S HA(SUDA HAYATE)
(Instructor)
=3 o ET ey
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
BBFNYLG =i BAREE
(Course Number) MAT6590 (Language) (Japanese)
L CA234 BEEERFF 2. RC200 HEER2LARIEE
(Notes)

| 22 0 B4Z (Course Objectives)

BERICBVTEELGRNRTHIERREVILIVEHOEREZEERTS. -, COBEREELT BERROEAWLEEZ
HIZHELD.

This course will provide the fundamentals of finite Markov chains. Through this theory, participants will become familiar with the
basic concepts of probability theory.

| 2 DME (Course Contents)

CLaTBEEE, REEMA RN RE AR ChHoT, Il DBEBEL—RILTHE YL FETHLDOTH
% AEH T, BICOREEMAEBRLISEOTLITEECEAE LT, TOEREELE S EARBEORE,SMED,

TAATEROEHOUEERAF %, CLITEEOEELEBD— D THEHEAEMICOVNTRNT 5. AEREIHT
BIZH1=>T, BEGHHZMBIRFER VSR AROEETHY, AEHRCHERNERRICOLTIERETHEDLY

L\

A Markov chain is a stochastic process whose state space is discrete and has “Markov property”, which is an important
generalization of “independence”. In this lecture, we focus on Markov chains, especially when the state space is finite, and learn
the basics of Markov chains. The lecture will begin with a review of basic terminology, followed by definitions and properties of
Markov chains, and then explain mixing time, one of the important topics in Markov chains. The prerequisites for attending this
lecture are basic knowledge of analysis and linear algebra, and no prior knowledge of measure theory and measure—theoretic
probability theory is required.

| {2251 (Course Schedule)

1. BEXMLZRAZBEORR-B7E

TILATEEDEE

TILOTEHDO KR EE

< ILa7EE OB EE
TILIATEHDOEER

TILaTEHEO A H

TIILaTEEDEEG] EERRE J—RUUUE. etc)
TIILATEEDERKE 2 BFLDSUF LIA—D)
9. FHEXBIEMOIEH

10. HEXRBEDHYTIVY

1. TILO7EHEHDINREE

12. <IILa7EHDESRRM

13. AHERBITIIDRARIRILRIR

14. \HETILATEE OB

©~No oA wN

| BEERBN(TE-EEE) DFE (Study Required Outside of Class)

ERETHRSLNBOBEBET 5. £, BEBIHERT HREMBER

| BAEETAE 7 3% - B % (Evaluation)

B L R—(Final Report)(20%)/RREIL7R—k (20% X 4 [8])(80%)

| THF Rk (Textbooks)

4L,

| % X#k (Readings)
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LC202

MEa—F/#B4A LC202.” $IB#ETE1
(Course Code / Course Title) (Mathematical Statistics 1)
i 4% BEE(KONNO YOSHIHIKO)
(Instructor)
YT - B o
(Semester) FhFEA(Fall Semester) (Credit) 2Bi{i1(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) MAT6590 (Language) (Japanese)
e CA236 #IB#EHEF /1. RC202 BB F1 L ARIIZE
(Notes) TEHRRE BERIEILUTOESY[]

| $2® B#Z(Course Objectives)

S LR REHSBRRICBNST — M0 EDLIICLTHEREME T IMMARAUETEIEETHS. T—2DERICHE
RETILEBELTC. ZOBEETILET —RE SO THAIT 2 HEMGERZ ATV
. ATHRE LY EELCHE - AXVESITHTHIEERERICT 5,

It is important in the modern society how to draw information from data generated by phenomenon with randomness. In this
lecture we learn mathematical foundation on statistical inference. This method consists of ingredients such as probability
models which generate random data and inference of the models.

| 2 DME (Course Contents)

O, HERZEM, R MFE. BLUERZROIROE—FDEREE N RIT. KRWGEHETET VT L8RS
M (FICERDER) ZHRAT 5. ChoDMBICEDE, REEE. REEE. REROHHAZ (ERHEEZHFER
RGFR)EF S RRIC. oD FEDBEDFHIEIZOVTOLOMDHRRMLZEEEIZDOVTEHRAT S,

We start by the definition of probability space, random variables, their expectations, and mode of convergence of variables. Next
we discuss popular statistical modelling and sampling distributions theory(mainly normal distribution theory). Based on these
knowledge, we learn statistical inference such as point estimation, interval estimation, and hypothesis testing. Finally we learn
how to evaluate the accuracy of these methods.

| #2258 (Course Schedule)

1. BEOHAFUREHEHADBE
2. HERSMEPFENOET

3. HERTHINDIER

4. REOZEBEPIHEREE

5. {REEOMHEAIIEGOBEH

6. WMEMETILEEAIBEETIL,
1. BEESHRETSHEE

8. MHTEENDEZA

9. mAZEIZDONT

10. NMREELHERFASFRK

1. REZEDEZH

12. RAR-ET7VUDHBELELRTE
13. RRE#HEEDEZA

14, A XpHADEZ A

| BEBERN (FE-EE%) O%E (Study Required Outside of Class)

REDIC, REFTIHTINEFELEBIODVTUHERLET . choDFERFMIC 60 BRLUEEZELET,

| BAEETAE 7 3% - B % (Evaluation)

=L R—(Final Report)(40%)/ B fE] L 7R—(20%)/1% 2% O L 7R—(40%)
FTRTOFEAEZICENTEERERKEEZERT S,

| TF X (Textbooks)

EEHFE LMS ITRAR,

| %X (Readings)

1. ARNES, 2017, RABERREFOER], K HIR

| ZDHh (HP %) (Others(e.gHP))
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LD102

#MEa—F HEA LD102/ 5> F M
(Course Code / Course Title) (Introduction to Molecular Biology)
i 18R KE§(SHIOMI DAISUKE)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) LFS5190 (Language) (Japanese)
ikl RD102 5 FAEME MR EARIEL
(Notes)

| $2® B#Z(Course Objectives)

B EN D 5 F EHRRRTL RE T A I B HEAE . BRI R EZER AN, EQFIHL2 OVBEBBL FESKRIZE - TIThIhTEY, T
NEDAUIOEDOMEECHEELE SOV TERERDD,

Students will learn about regulatory mechanisms of bacterial cell division, morphogenesis and antibiotics resistance. These are
regulated by supramolecular complexes. Students learn the functions and structures of supramolecular complexes.

| 2 DMF (Course Contents)

FERZEMOPTHEIETDEATNSIRBREZHDICERT . BLEICHLT, HEH, EHKE, JFVRE. FRME
BELRNT D RRENOEBHNGHMIRS R, MERMBSHIEERE. REIMHEC, B2<0OMRICHEENGHEHEIZONT
BRI D Fo. RIOBERIRVRHREMOL . ZHAE THMLENLHED S, REDEYFHNLEERIZIT TR REH
5%':OL\—C{)$’Sio

The lecturer will lecture on prokaryotes, particularly with a focus on the advancing analysis of Escherichia coli. As needed, the
lecturer will also introduce Bacillus subtilis, Streptococcus, Staphylococcus, thermophilic bacterium, etc. The lecturer will
lecture about bacterial cell division, morphogenesis, antibiotics resistance and so on. Additionally, the students will read in turn
recent, relevant papers as well as reviews, and discuss with their class members. The students will not only learn about the
biological significance of phenomena, but also experimental methods.

| #2258 (Course Schedule)

1. FiH

2. NOTITHBEOEE

3. NITYTHBIZEITEEN\IBEDRBIE

4, INGTVYT D5 EFIE

5. INOTVT DB

6. /\OTV)T DR EER BHITE

7. INOTYT OREER A

8. NYTYTDOEEIM

9. N\OTYT OEFIME
10. BAERMX DB LR
1. BERX DL
12. BEERXOBN LS
13. BLERNOBN LR
14. BLERXOBN LR

| BEBERN (FE-EE%) O%E (Study Required Outside of Class)

BRI OFEBIHT SinIE, DECHLTHRERT 2.

| BAEETAE 7 3% - B % (Evaluation)

BE~OIYMH, HEEE K&, U773 ~— —HE(100

| 7F R (Textbooks)

Hizhl

| 22 3k (Readings)

HizhL

| Z®D1t (HP %) (Others(e.gHP))

- 140 -



- 141 -



LD105

#MEa—F HEA LD105. #HRa £ ¥ 8L 5%
(Course Code / Course Title) (Introduction to Cell Biology)
S EE EMN(MASHIMA KEISUKE)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) LFS5390 (Language) (Japanese)
ikl RD105 MR EARIEE
(Notes)

| $2® B#Z(Course Objectives)

BYHIRICE T DN T TILGED S FHREEE S,

The students will learn the molecular mechanisms of intracellular signal transduction in animal cells.

| 22 DAA (Course Contents)

MBIIHERGTHBADNLDLTFILERZITT, O FIVIZRET MRS T FIVEE#EEZE->TLNS, £2T, Bt
BTOIITFIGEDH FBEOEREMRNT 5, T0%, REBLHEROI T FILGEBEICOWTRN TS, £,
TIXFELR DD LT FIREICEEL X BH D NEEMAEESRA, 2EILDTLELT—ay, ThEZITTOTAR
hyiarE 175,

Cells receive various signals from outside the cell and have intracellular signal transduction mechanisms that respond to those
signals. Accordingly, the lecturer will explain the fundamentals of the molecular mechanisms of signal transduction in animal
cells. Afterward, the lecturer will introduce the signal transduction mechanisms of immunocompetent cells. Additionally, in the
latter half, the students will read literature or technical book regarding various kinds of cellular signal transduction, give
presentations and hold discussions on them.

| {2251 (Course Schedule)

1. BWMRRICEITES T FIURE EIZGAVNNVEERILIC
EMMRIZHE TR T FIVEE EIZGAVNAYBEERIDIC
EMRAIZEFEU T FIVEE (2400 E) U EEEREDIDIC
BWMREICHITEU T FIVIGE EIZF OB UERMEBERERIDIC
BWMREICHITEUT FIVIGE EIZH OB UERMEBERERIDIC
EMMRRIZE TR T FIVIEE DL LAFd %R

REMBETOLT FIVIGE

BHARGHMEIZEB TR FIIVEE1 (BREICEDTLEYT—ay, T4ARAvIaY)
9. BAGHBIZEITEL I FIVMEE2(REICKETLEY T3y, T4RAviay)
10. #HRARGHMIZHEITETFIVGEES(REICKETILEVT—ay, T4RHviay)
1. BRGHEBIZE TR T FIVEEL(REICKEZTLEV T3y, T4XAviay)
12, HARGHBIZEITETFIVEES (REICKEZTLEVT—ay, T4RXAviay)
13, HRARGMIZHEITETFIVEES (REICKETLEVT—ay, T4RHviay)
14, BARGHBIZE TR T FIVEET (REICKEZTLEV T3y, T4RAyay)

® N gk wN

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

DEIZISLSEEHEERMNT S,

| ARABEETAM A 3% - 2 (Evaluation)

BEAODYBA (TARAVLAVADSNEZST) (50%)/TLET—a2(50%)

| TF X (Textbooks)

¥IZhL,

| % Xk (Readings)

¥IZHL,

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)
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LD108

#MEa—F HEA LD108./ 7 FEMF4m 2
(Course Code / Course Title) (Special Topics in Molecular Biology 2)
S B4R IEE(SEKINE YASUHIKO)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =ia BHAR:E
(Course Number) LFS6190 (Language) (Japanese)
ikl RD108 43 FAEM L 2L & FIBE
(Notes)

| $2® B#Z(Course Objectives)

AT/ LDOEEREECHEBLENDNED OB, ERICEDIIIEHHO>TELNEF S,

The students will learn about the mechanisms of the genomes of organisms that give rise to variability and how they have come
to change the adaptation and evolution of organisms.

| 2 DMEA (Course Contents)

AYIE, BEFEBREREICHEFLROBAICSIERC—AT, RAGRALERZRTENDLIZKYT / LERELSHILS
HHEMAERFOTNS, KEETIE, DNAMIRZ ICESTEIEFRIZNDT / LADFT A FIVIRBELTDEYFHMEREICD
WTEESRY 5. £z, 7/ LBEICET HREBOXMDER LTI,

Organisms securely maintain genetic information and pass it on to the next generation, and on the other hand, have
mechanisms that change and diversify genomes by assimilating various spontaneous mutations. In the lecture, the lecturer will
explain the dynamic kinetics of genomes caused by DNA recombination and their biological significance. Additionally, the
students will read English literature regarding genome kinetics.

| #2258 (Course Schedule)

1. DNA#RZ D# = - 758

FSURRY DD 5E - ERTE S
PSRRI U DERFEIZLYFIERISN S DNA % (1)
FSURRY D DERFIZKYF|EEREISN S DNA ##% (2)

LhAFSORRY D DERFEHEE

LRARSURRY U DEEFICLYFIERISN S DNA #ifi %
rSURRI UDNEMT /) LDERIZEZDA8308(1)
FSURRI U NEWT ) LDHEILIZEZ B4 189R(2)
9. FM1thd DNA #8i % (1)

10. ZDha DNA #i#2 % (2)

1. 45/ LENEEICBIT DX RRDEER (1)

12. 7/ LEREICET XM DEZ (2)

13. 7/ LEREICET D XM DE (3)

14. F&O

® NSk wN

| RERREN (FE-EEZE) DFE (Study Required Outside of Class)

BRIV EERATEOT, FRICBEZELTHLIREICEHRL L,

| BAEETAE A 3% - 2% (Evaluation)

YT 332 R—r13—(50%)/1% E A~ D ERYHE#A(30%)/ /N7 R M(20%)

| 7F R (Textbooks)

L

| 2% 3k (Readings)

L

| Z 0t (HP %) (Others(e.g HP))

T 030 R—N\—IZxFBT74—E3\v (., REIOIFERFIZITS,

| EEEE (Notice)
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LD109

LD109. flRG 4 Y)Y i
(Special Topics in Cell Biology)

O B2 F(HIGUCHI MAIKO)

Fh=ZHA(Fall Semester) 2B{5(2 Credits)

AR

LFS6390 (Japanese)

RD109 fEREAEMPHRMEARIRE

ML ME. BISHIBAS T FILRE, MIQEE. MEERIC DL\ T REMDHARNETEES

The aim of this course is to understand the molecular mechanisms and the physiological significance of intracellular signal
transduction, cell proliferation and migration.

MR T FIVRE, MIaEGE. MIESECE T HEE. RXO&HFE. TLET—2avETD

The course will use a combination of lectures, discussions of scientific papers and student—led presentations concerning about
intracellular signal transduction, cell proliferation and cell migration.

MR EMEOER

MRS T FILEED D FANZ X LEEKIZE T HEE] -1
AT F I EED D FANRXLEERIZH I TEHEE -2
WA FIEED D FANRXLEERIZHITEHEE -3
MRS T FIUEED D FANZ X LEEKRIZETHEE -4
MRETED S F AN X LEERIZHE T HRE] -1
HMBETED S FANXLEERIZHITEHRE -2
HRBEEEDS F AN X LEEKRIZHEITH%E -3
HRBEED S F AN X LEEKICHITHRE -4

© © N o g &~ W D=

10. {AREEID AN X LEEKRIZEITHEE -1
1. BB OAN X LEEKRIZEITDEE -2
12 #REE D AN A LEEKIZEITHRE -3
13 {REEND AN X LEERICHITHEE -4
14. &EE

EETIEMANDERLETLELT—Lav DERETS

READERY #H7(100%)

L (BEET MM DOVTIXRENTRENT )
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LD111

D111/ AL 45R 1
(Special Topics in Biochemistry 1)

DNA Rl L& R EME

FRR EE(SUETSUGU MASAYUKID)

FAZHA(Fall Semester) 2Bi{i[(2 Credits)

BAGE

(Japanese)

LFS6290

RD111 ML m1 LARIBE

DNA AN SERENZETORERAEEELIZ, RI—FFYTENLEEBMEOEZERIZOVWTEREY, B TRE
=UYIRCAZEBIZDOITS,

BEFHREEHL, BSBHOIE—EEYHTREN (BECRREE) FEGFORBTH D, £ ETHNT DNA BRSO RT LE
BATLS, BTHIENTT)T7 D DNA BREFELE-BEBEMNOREIMFTERY LTS,

DNA AR DER FFE T, F=BNAF TV /OO —ICERTHEDTHS. REE, N4 TH/00—DHFERTHLAIEREY
ZIIONWTHRN T HEEDIT, ATHIR. 7/ LB, NMFAEFREN O, EREVMFDORIGEERIZOVT, EREYFERS
—+TYTRIEDEARRICEINTRENT 2,

AohO& 53y

HBEEA

BRI —Y

BHEOHE, HMERNERE
DNA {&18. #A#2 2

WwEEm1
BREMEENAFTEDIY
I —EREME. £ILHFIE
TILRE. T/ LB
EREMBLESE
EREMELEIE
KEHRE—r TV
WETm2

PN oA wN

[
w0

LR—FORBRE, BIHARERFNBICETHLODFH2EZFELTVDDTEMBLTELZE,

LR—k1(35%)/Lic—k2(35%)/V) 79 a2 R— 1 8—(30%)

BEIZISCTEMEERMNT S,
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LD112

#MEa—F HEA LD112/ e 45m 2
(Course Code / Course Title) (Special Topics in Biochemistry 2)
E Ky
(;—j'ffr) £ JIIBAEH(IWAKAWA HIROOKI)
) e ETT N
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) LFS6290 (Language) (Japanese)
(I\{lrf'fs) RD112 £YMLEHFH2LERIRE

| $2® B#Z(Course Objectives)

BEFER RUZOFHETHLMGEREIZRZT RNA BT ERFTOHRISOVTEY, RNA DEHRBEBESEERT D

RNA plays a central role in gene expression and its regulation. This course is designed to teach students about current RNA
biology and to enhance students’ understanding of the diverse functions of RNA.

| 2 DMEA (Course Contents)

RNA [&, Ayt>P+v—RNA, B5# RNA, U7RY—<JL RNA EL TRV /OB ERIZE T2 REIFR -4, FaE,
S FIED—R RNA X, REEIFO—F RNAGEDNEETFORRGHICEELEIZR =T ENASMILE-TE. KEERT
IE, RNA D SHRIGEBETEEMR T 51012, EREVMOFIREE <120 RNAMIRNA), &5 FTF 5 RNA(siRNA), PIWI-
interacting RNA (piRNA)&L o=/ F RNA DEIE, LT, long intergenic non—coding RNA (lincRNA) 73 &, ¥4 s REHE
O—F RNA DEEIZDNTEAS.

RNA plays a central role in protein biosynthesis as messenger RNA, transfer RNA, and ribosomal RNA. Recently, it has also
become clear that small non—coding RNAs and long non—coding RNAs play important roles in the regulation of gene expression.
In this course, students will learn about eukaryotic translation mechanisms, the functions of small RNAs such as microRNAs,
small interfering RNAs, and piRNAs, and the functions of various long non—coding RNAs such as lincRNAs to understand the
diverse functions of RNA.

| #2258 (Course Schedule)

1. RNA £#1%2 AP
BN Q)

HARHEQ

BN T6)
BE&ZMBEO/NDF RNAD
BER&ZMBED/NDF RNAD
ERHMIED /NS F RNAG
ERHMIED /NS F RNAD
R#HIET—K RNAD
EH#3E3—K RNAQ
23D RNA FIED
23D RNA IR

B RNA HiZER
14. F&®

- -
B 2 0 © ©® N o ok

—
w

| BEERBN(TE-EEE) DFE (Study Required Outside of Class)

BET AARICDONTESLTELCL.

| BAEETAE 7 3% - B % (Evaluation)

BRIOFEZRIZEITRT I a0 R—/3—DRAE(100%)

| T3F Ak (Textbooks)

L

| 22 3k (Readings)
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LD116

#MEa—F HEA LD116./ £ MmEFIFRIER 2
(Course Code / Course Title) (Special Lecture in Life Science 2)
i 15 R  KEH(SHIOMI DAISUKE)fth
(Instructor)
) e ETT N
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) LFS5190 (Language) (Japanese)
i RD116 4 A IBL SRR 2 LORBE
(Notes)

| $2® B#Z(Course Objectives)

BEBOMEIZDONT., FHEET S,

The students will thoroughly understand leading—edge research.

| 22 DAA (Course Contents)

REMDBHEIZONT, RRICHREB>TLS—ROARENLEEMRD,
HRAABICA, RROED A BEAAGEEERITERET S,

Regarding advanced research, the students will learn leading—edge research from world’s top researchers.

In addition to the research contents, the students will actually experience for themselves how to proceed with and approach

research.

| #2251 (Course Schedule)

1. AA4FVRGER K

NITITRBROERERBERBERSE() (EX Rt
NITITRBEROERERBERBAIE(2) (K RH#)
ATHREZLL WV =ELEDFIFE() (HE K3
ATHREZLL WV =ELED FIF(2) (I K3

MELILA /AR OHREEICATTGER 555

7/ LmEDOERE(EE H—ER)

2
3
4.
5. MRMREOBELZOERFEORKCEA 5ER)
6
7
8

TILIRED iPS MIlE~DORA(E@E E—EHR)

0. EREMEEAN : EDIIIHEL, EQXIGRENZF-OMN (FH KF)

10. EREYOERREZH(FER KM
. EYOREHADELETDNFHBE() (i EE
12. EYOREHRADELETDTFHE(2) (Lir EE

13. EREEEOHECTE £)

14, fAMBUVEEICKYRET SMRILE CIE £)

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

BEINDIELEDHEICDOLNT. HP PHNLEEEZR T, FELTHLZE,

| BAEETAM A % - % (Evaluation)

BRIOBZIZETRUTIIVR—IN—DAR. BRA~DS I E(100%)

| TF X (Textbooks)

L

| % X#k (Readings)

| ZDth (HP %) (Others(e.gHP))

| EEEE (Notice)
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LD301

FEBEa—F #EBE% BE& % HmiE 1
(Course Code / Course Title) (Colloquium 1)
(f‘ﬂé‘% & EHBEH LGRS
nstructor)
ZFHR - . By o .
(Semester) HEZHAth(Spring Others) (Credit) 1B {5L(1 Credit)
BMBFonNYLT =g BHAR:E
(Course Number) LFS6880 (Language) (Japanese)
— SR WA BLARIEE
otes)

| $2® B#Z(Course Objectives)

ERERDTICEET DM RBRFOREZRL, FRAROESKRBEEITIET, TLET—LavENERIEHAITE
MERIFICHT HEBERDD,

In this course, students will engage in intensive reading of the literature of specific fields of research, which is relate to their
own Graduation Research, while giving reports on the progress of their Graduation Research. In doing so, they will sharpen their
presentation skills while deepening their knowledge of various fields.

| 22 DMA (Course Contents)

WA TERELRBTIEBORBREEICEVNT, ZERRERR—MATITONELDTHS. TO-HMAETIE, FEH
RORITICRER, ERRSFICEHIIMBORENLCEZAADES, SOICEIRRENDERGEZBMELT, £HEEHX
BMERICIREHELZHREL, TOFEIZHEN, 1 FRZELTITI.

This course should be taken in one’s final year studying in the Department of Life Science, and is supposed to be taken in

conjunction with one’s Graduation Research. During this course, students are to obtain knowledge from various fields necessary
to complete their Graduation Research while honing their ability to think in a logical manner. Students will also be able to
sharpen their presentation skills. Each individual will be given a plan of study from a supervisor, which they are to follow over
the course of the year.

| 225 (Course Schedule)

1. BRXBN-HRESK RS
SIAN - AR EB KRR
AR - AR ES KRR S
SIAN - AR EB KRR
AN - AR EB KRR
AR - AR ES KRR S
AN - AR EB KRR
AR - AR ES KRR S
9. XN -REB KRS
10. RXEBN-REB R RIS
1. SmXBN-HEESKRRE
12. XN -HEESKRRE
13, WX -REB R RS
14. SRXHBN-HEESKRRE

® NS gk

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

HESNEXEIIB T HRATSE,

| PAESTAMi 7755 - B4 (Evaluation)

ERRNFICET SRXDEMAN, EREN, FARICHTINVEAH LD EEEMRIEERE ML SHIZFHE. (100%)

| ¥ R (Textbooks)

EMFIHEEHESRET S,

| 2% 3k (Readings)

EEHBARRETRY S,

| Dt (HP %) (Others(e.g HP))
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LD356

FEBEa—F #EBE% BE& % HmiE 1
(Course Code / Course Title) (Colloquium 1)
(f‘ﬂé‘% & EHBEH LGRS
nstructor)
=y "~ B o
(Semester) FuHA{th(Fall Others) (Credit) 1B {5L(1 Credit)
HMBFNNULY =g BHAR:E
(Course Number) LFS6880 (Language) (Japanese)
— SR WA BLARIEE
otes)

| $2® B#Z(Course Objectives)

ERERDTICEET DM RBRFOREZRL, FRAROESKRBEEITIET, TLET—LavENERIEHAITE
MERIFICHT HEBERDD,

In this course, students will engage in intensive reading of the literature of specific fields of research, which is relate to their
own Graduation Research, while giving reports on the progress of their Graduation Research. In doing so, they will sharpen their
presentation skills while deepening their knowledge of various fields.

| 22 DMA (Course Contents)

WA TERELRBTIEBORBREEICEVNT, ZERRERR—MATITONELDTHS. TO-HMAETIE, FEH
RORITICRER, ERRSFICEHIIMBORENLCEZAADES, SOICEIRRENDERGEZBMELT, £HEEHX
BMERICIREHELZHREL, TOFEIZHEN, 1 FRZELTITI.

This course should be taken in one’s final year studying in the Department of Life Science, and is supposed to be taken in

conjunction with one’s Graduation Research. During this course, students are to obtain knowledge from various fields necessary
to complete their Graduation Research while honing their ability to think in a logical manner. Students will also be able to
sharpen their presentation skills. Each individual will be given a plan of study from a supervisor, which they are to follow over
the course of the year.

| 225 (Course Schedule)

1. BRXBN-HRESK RS
SIAN - AR EB KRR
AR - AR ES KRR S
SIAN - AR EB KRR
AN - AR EB KRR
AR - AR ES KRR S
AN - AR EB KRR
AR - AR ES KRR S
9. XN -REB KRS
10. RXEBN-REB R RIS
1. SmXBN-HEESKRRE
12. XN -HEESKRRE
13, WX -REB R RS
14. SRXHBN-HEESKRRE

® NS gk

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

HESNEXEIIB T HRATSE,

| PAESTAMi 7755 - B4 (Evaluation)

ERRNFICET SRXDEMAN, EREN, FARICHTINVEAH LD EEEMRIEERE ML SHIZFHE. (100%)

| ¥ R (Textbooks)

EMFIHEEHESRET S,

| 2% 3k (Readings)

EEHBARRETRY S,

| Dt (HP %) (Others(e.g HP))
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LD501

BEIE&HAHR 1

(Research for Master’'s Thesis 1)

AnEFHEEAHKE

& F #A1th(Spring Others) SH{I(3 Credits)

AR

(Japanese)

LFS6880

FREAEIDIE. RBROEME. BR-T—HDEVEED . BREER. IREREVSL—EOHRTOCREHITDIT2,

The purpose of this class is to familiarize students with a series of research processes, including planning a research plan,
conducting experiments, summarizing results and data, concluding and discussing the results, and presenting the results.

MR BEBRLILET D, HESN-RBHAEZRET 2. BRET —FEMYFLDH D BMEBRERMLELD D AR

Discuss and develop a research plan. Carry out the experimental procedures as instructed. Compile the results and data.
Discuss and summarize conclusions and discussion. Make a presentation of the research.

HREEERTBEIDILE
EEEDE
EEDOER
EEEDE
EEEDE
EEDOERR
EEEDE
EEDOERR

9. EEROEE

10. EEROXEME

11. EBERDEM

12. #ER-T—20ELYFEED
13, #EmEEE

14, WEHER

® NS0k~

PRICBDBELGXBDIRER., REAZITI.

B #&LR—F(Final Report)(40%)/ B & ) EER(60%)

o
pai
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LD556

BEIE&HAHR 1

(Research for Master’'s Thesis 1)

AnEFHEEAHKE

U HAMh(Fall Others) 3Hi{i(3 Credits)

AR

(Japanese)

LFS6880

FREAEIDIE. RBROEME. BR-T—HDEVEED . BREER. IREREVSL—EOHRTOCREHITDIT2,

The purpose of this class is to familiarize students with a series of research processes, including planning a research plan,
conducting experiments, summarizing results and data, concluding and discussing the results, and presenting the results.

MR BEBRLILET D, HESN-RBHAEZRET 2. BRET —FEMYFLDH D BMEBRERMLELD D AR

Discuss and develop a research plan. Carry out the experimental procedures as instructed. Compile the results and data.
Discuss and summarize conclusions and discussion. Make a presentation of the research.

HREEERTBEIDILE
EEEDE
EEDOER
EEEDE
EEEDE
EEDOERR
EEEDE
EEDOERR

9. EEROEE

10. EEROXEME

11. EBERDEM

12. #ER-T—20ELYFEED
13, #EmEEE

14, WEHER

® NS0k~

PRICBDBELGXBDIRER., REAZITI.

B #&LR—F(Final Report)(40%)/ B & ) EER(60%)

o
pai
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LD651

BHEIEHF  IELmEEES
(Master's Thesis)
EHEFHEEIHE

U HAMh(Fall Others) 3Hi{i(3 Credits)

AR

(Japanese)

LFS6880

FREAEIDIE. RBROEME. BR-T—HDEVEED . BREER. IREREVSL—EOHRTOCREHITDIT2,

The purpose of this class is to familiarize students with a series of research processes, including planning a research plan,
conducting experiments, summarizing results and data, concluding and discussing the results, and presenting the results.

MR BEBRLILET D, HESN-RBHAEZRET 2. BRET —FEMYFLDH D BMEBRERMLELD D AR

Discuss and develop a research plan. Carry out the experimental procedures as instructed. Compile the results and data.
Discuss and summarize conclusions and discussion. Make a presentation of the research.

HREEERTBEIDILE
EEEDE
EEDOER
EEEDE
EEEDE
EEDOERR
EEEDE
EEDOERR

9. EEROEE

10. EEROXEME

11. EBERDEM

12. #ER-T—20ELYFEED
13, #EmEEE

14, WEHER

® NS0k~

PRICBDBELGXBDIRER., REAZITI.

B #&LR—F(Final Report)(40%)/ B & ) EER(60%)

o
pai
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RA101

RA101,/ B IR 45R 1
(Special Topics in Mathematical Physics 1)

RHFRITNTH)—REERER

Jt# HZ(KITAMURA TOMOTAKA)

HZHA(Spring Semester) 2Bi{i7(2 Credits)

BAGE

(Japanese)

PHY7290

LA101 S EEYIBS R 1 E O RBE

RAUFEROEBMRICDELG)—REBEZ
o, TR LY ELHE - AXVEFITHFTHILEREFICT S,

WAL TR, FIYEICRELCRBREE S,

Introduction

Lie group

SU(2)

Tensor operators
Isospin

Root and weights
SU(@3)

Simple roots
More SU(3)
Tensor methods
Young—Tableaux
SU(N)

Classical groups
Classification Theorem

® N gk wN =

O
bl A i

WX TIOR8, RRELEBSFMDOTFEELRAET D,

3 @ EDFERA00%)
LA101 $HEEMIBER1 LA RBEBRIRTOITHAA EZICBWTEELRERKELERT S

1. H. Georgi. 1999. Lie Algebras In Particle Physics.. Westview Press (738202339)

1. E# Jt. 2016, [REEER]. AL EH AR (ISBN:4621300849)

- 156 -



RA102

FMEa—F/ #B%
(Course Code / Course Title)

RA102/ EFi5HEH
(Quantum Field Theory)

S #HE #RZ(HATSUDA YASUYUKI)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY7490 (Language) (Japanese)
el LA102 EFIBERLAREE
(Notes)

| $2® B#Z(Course Objectives)

BOEFROERETERTHENBIETYT,
fa, ATHRRE LY EGHB - AXLESITHTEHILEBEICLET,

| 22 DMA (Course Contents)

BOEFHROEBEIHMIRYFDICOVWTEVET . A—LUYFRE N, FEEEF . BEES. 771V 8 L—THIE. Y
CHBEERSIFETT . ESHATITVET . REBEOTFAMEHZO CLTHEREICZENET,

| 2% 5 (Course Schedule)

1.

® NSk wN

9.
10.
11.
12.
13.
14.

Attempts at relativistic quantum mechanics

Lorentz Invariance

Canonical quantization of scalar fields

The LSZ reduction formula

Path integrals in quantum mechanics

The pathe integral for interacting field theory 1
The pathe integral for interacting field theory Il

Scattering amplitudes and the Feynman rules

The Lehmann—Kallen form of the exact propagator

Loop corrections to the propagator

Loop corrections to the vertex

Higher—order corrections and renormalizability

The renormalization group
Effective field theory

| BEBERN (FE-EE%) O%E (Study Required Outside of Class)

HLAFEFXDOBHOEREED THALBRERERETOTTSV BICTARFEICERTSDOTIIL ARZERLTERE
MAF=FHERELTTEN SHELFELFELTEVTTE, X¥ 4 FFTITE>VERUVKF BN THSLEFRELE

j-o

| BRABETAM 75 3% - 2% (Evaluation)

BHEOHRRARGN)/IZENTIETT HIRE25%)/F R/~ DS IN(25%)
TRTCOFEAEICEWTEERERKEEERLET,

| TF X (Textbooks)

1. Mark Srednicki. 2022. Quantum Field Theory. Cambridge University Press (ISBN:978-0-521-86449-7)
TEXRDOHTEBHAHLLMEE (LEE R O XHRIC 7= >THRIRIZEDHTT I,

| % X# (Readings)

1. M.E. Peskin and D.V. Schroeder. 2019.

4. A. Zee. 2010.

An Introduction to Quantum Field Theory. CRC Press (ISBN:0367320568)
2. J/RAREAN, 2014, [ZOEFiR]. EEFE (ISBN:4785325119)
3. RAREA, 2020, [EDEFH (D). ZEE (ISBN:4785325127)

Quantum Field Theory in a nutshell . Princeton University Press (ISBN:0691140340)

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)
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RA103

RA103/ FHYERKER1
(Special Topics in Cosmology 1)

INBR BR(KOBAYASHI TSUTOMU)

2B f51(2 Credits)
BHAREE

(Japanese)

Fh=ZHA(Fall Semester)

PHY7390

LA103 =HYEFR1EERFE

The aim of this course is to understand inflation in string theory at an advanced level.

Students learn inflation in string theory at an advanced level.

1. Seminar by a student followed by a discussion
2. Seminar by a student followed by a discussion
3. Seminar by a student followed by a discussion
4. Seminar by a student followed by a discussion
5. Seminar by a student followed by a discussion
6. Seminar by a student followed by a discussion
7. Seminar by a student followed by a discussion
8. Seminar by a student followed by a discussion
9. Seminar by a student followed by a discussion
10. Seminar by a student followed by a discussion
11. Seminar by a student followed by a discussion
12. Seminar by a student followed by a discussion
13. Seminar by a student followed by a discussion
14. Seminar by a student followed by a discussion

Basic knowledge of general relativity, cosmology, and quantum field theory is assumed.

Presentation and discussion(100%)

FTRTOFHESZICEVWTHTHARELVLEEERKEEZERT D

1. Daniel Baumann, Liam McAllister. 2015. Inflation and String Theory. Cambridge University Press (ISBN:978-1-107-08969-3)
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RA104

#MEa—F HEA RA104./ FRALFHEER 1
(Course Code / Course Title) (Special Topics in Particle Physics 1)
T—Y /YT AAVE .
(Theme / Subtitle) HIEMAPT
S #H ZRZ(HATSUDA YASUYUKI)
(Instructor)
=3 N ET ey
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
HEFoIST £ EES:
(Course Number) PHY7490 (Language) (Japanese)
e LAI04 FHIF 451 L2 AR
otes)

| 22 0 B4Z (Course Objectives)

RIEROARZEBR T HLERELEY.
., TR LY EGHB - AXLESITHTEHILEBRICLET,

| 2Z DM (Course Contents)

(BRER(T 4 DOEXRMLBAER—LIIEVSFLHLRATY . EFLMARICEOVWT BETEFER T HENELL
BRAGEROBOBEREMBAISFTETHIILATETT . KERDAFELTRY VKO E AT X MIHERIZOL
TEIRATREVET,

| #2258 (Course Schedule)

1. Preliminaries

2. The Relativistic String |

3. The Relativistic String II

4. The Quantum String I

5. The Quantum String II

6. The Quantum String III

7. Open Strings and D-Branes

8. Conformal Field Theory I

9. Conformal Field Theory II
10. Conformal Field Theory Il
11.  The Polyakov Path Integral and Ghosts |
12. The Polyakov Path Integral and Ghosts II
13. String Interactions 1
14. String Interactions Il

| BEBERN (FE-EE%) D%E (Study Required Outside of Class)

BNEFimE—MRENEERONENEREIEGEATHAIENEZELIVNTY , TOM, KF 3 FFTTITEIYPEERFD
TBAVAIEABETY  BEE BT ALRERERETOTTEV, BELRNBRELLIOTERNLGFE -BEENBELLGYE
j-o

| BAEETAE A 3% - 2% (Evaluation)

FRME(G0%)/FRENICH I RE(25%) /IR EA~DSME25%)
FTRTCOFMEAEICENTEEDERKEEFERLET,

| TF X (Textbooks)

UTOER/—FERALET . FOMRITIHELTRONDESIZLTENTTELY,
David Tong, “String Theory — University of Cambridge Part Il Mathematical Tripos — ~
https://www.damtp.cam.ac.uk/user/tong/string.html

| 2% 3k (Readings)

1. #E F1X. 2017, [RETL—2 ) BHEEE (ISBN:978-4254138023)

2. J. Polchinski. 2005.  String Theory, Vol.1 . Cambridge University Press (ISBN:978-0143113799)

3. B. Zwiebach. 2009. A First Course in String Theory . Cambridge University Press (ISBN:978-0521880329)
EBE/MOHATERIHELVSSITEESEXBICH > TRRICTEHTTEL,

| Z®D1t (HP %) (Others(e.gHP))
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RA105

RA105./ RIAMEREER
(Special Topics in Astrophysics)

INBR BR(KOBAYASHI TSUTOMU)

2B f51(2 Credits)
BHAREE

(Japanese)

& FH#(Spring Semester)

PHY7390

LA105 RIAY I REAREIIRE

The aim of this course is to understand inflation in effective field theory at an advanced level.

Students learn inflation in effective field theory at an advanced level.

Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion

® o gk wN =

- =
N =~ o ©

Seminar by a student followed by a discussion
Seminar by a student followed by a discussion
Seminar by a student followed by a discussion

- =
W

Basic knowledge of general relativity, cosmology, and quantum field theory is assumed.

Presentation and discussion(100%)

FTRTOFHESZICEVWTHTHARELVLEEERKEEZERT D

1. Daniel Baumann, Liam McAllister. 2015. Inflation and String Theory. Cambridge University Press (ISBN:978-1-107-08969-3)
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RA106

FMEa—F/ #B%
(Course Code / Course Title)

RA106./ FEHYERR2
(Special Topics in Cosmology 2)

T—X /T EARILVE
(Theme / Subtitle)

BIRIILF—XEYEZFE
(High—energy astrophysics)

HLEA - _
(Instructor) ER H=(TOMA KENJD
A s BfT tas g )
(Semester) FAZEHAfth(Fall Others) @t 2% (2 Credits)
#MBFonYLH =g BARE
(Course Number) PHY7390 (Language) (Japanese)
e EhER: ATEE R Guidel EhERBRR 1ZHRATHIL
(Notes) LA106 FHPERH2ESREE

| 22 0 B4Z (Course Objectives)

BIRLNF—REPEZEHREL. FITTSVIR—UIARH T I IRILF—HROBRAIEE L ARYEIC OV TERR

EEGE

BE.ATHRESIYIBELGHE - AT LESITFTEIEEBRICT .

| 2 DMF (Course Contents)

EBIRAESTYMOH O TRN—ZAEOFIRNF—RAERED ELIT VI R—LIZBH SN TS EEZ SN TV,
FENLFEAFERE - FEE- ENROWRICEEITHEL TS, FBETE. BIRLF—XEOBAMMEEE

NEEBRTH-HDYEITONTHEAD,

| {2251 (Course Schedule)

1.

© NS g WN

9.
10.
11.
12.
13.
14.

BIRLF—RARROBANMEE
REMEBEZOROHZ, BHZ BHRZE. REHZFE

B BB TR N F
LEPSECT: O TE 9
BIRLF—RSTBRE
TS XTI ERLF IR

TIvoR—ILEER AREMR

TIvoR—ILRER2  BERER
— A EEIRET VIR —ILE

RNILY—DEBFE
xR BRI A D X
mEE TSy oHR—IL
—REHEXRNERRE

TIVvIR—IVHESBES Ty DERE)

| BERRN (FTE-EETZE) DZE (Study Required Outside of Class)

EXEEESNOZBICETHETRE. RBICISCTHRIETRT 5,

| ARABEETAM A 3% - 2 (Evaluation)

=L R—K(Final Report)(30%)/1Z22IZH1TBEH~DSAE(T0%)
FTRTCOFEAEICEWNTRIHRBIVIEELERKELZERT S,

| T XX (Textbooks)

L

| 2% 3k (Readings)

1. BEXEB. [(RASIRIILX—EHER], AKEE (ISBN:978-4000111492)
2. BESCER., T4k xtiml. HEEE (ISBN:978-4563024437)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)
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RA107

#MEa—F HEA RA107.” E S ¥
(Course Code / Course Title) (Special Topics in Gravity)
Ha5% [RE %1/A(HARADA TOMOHIRO)
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY7290 (Language) (Japanese)
i LAI07 EHBHEAREE
(Notes)

| $2® B#Z(Course Objectives)

—RRAEXIER (L, 20 HICH IS ZAMBAEICEVTELLVREEZR T BRYEZCEVTRLRYIL-ENERELSHIC
ELEMMNRILLIz, CORETEHBRR MBI ROKEN R VIS AMGEREZS,
HE. AR ELVIEELGME - AFILEFITHITEHIEEBEIZT S,

| 22 DAA (Course Contents)

BENGHEMEZPIRATRAES T XAOBHOHELY, B EEHLEY, BEREZMRYTSHLITELT, —
RRABX R DEREEERHIABTDOVONERITDITS,

| {2251 (Course Schedule)

1. BMBIZED|E)
2. BMBIZLDHE(2)
3. BMBIZELDH|E(3)
4. SMEBIZLDHE (4)
5. BMEIZLSHE(5)
6. SMEFIZLDHE(6)
7. BMEIZKZHE(T)
8. BMHBIZLDHE(8)
9. BMEFIZLDHE(9)
10. BMEIZEDEHE (10)
1. SMEICKBH|E(11)
12. BMEICEDHE(12)
13. BMEICKDHE(13)
14. SMEIZKDH|E (14)

| BEEMN(FE-BEZ) D% (Study Required Outside of Class)

HAMEFER (X)) ORNR (—REXROAFIHLRE) HEFEMEBHTH I EAZELL, ABRDFEMIZDL
TIIREBEEDELEERBLTEEY S, BEFEEREEITICL,

| BRABETAM 75 3% - 2% (Evaluation)

HREBRADSNN(60%)/ 52 #2 L 7R—M(Final Report)(40%)
FTRTCOFEAEICEWNTRIHRBIVIEELERKELZERT S,

| TF X (Textbooks)

1. Steven Weinberg. 2008. Gravitation and Cosmology: Principles and Applications of the General Theory of Relativity. Wiley
(ISBN:8126517557)

| % X# (Readings)

1. V.P. Frolov, A. Zelnikov. 2015. Introduction to Black Hole Physics. Oxford University Press (ISBN:0198729111)

2. Robert M. Wald. 1984. General Relativity. University of Chicago Press (ISBN:0226870332)

3. S. W. Hawking, G. F. R. Ellis. 1975. The /arge scale structure of spacetime . Cambridge University Press ISBN:0521099064)
4. C. W. Misner, K. S. Thorne, J. A. Wheeler. 2017. Gravitation . Princeton Univ Pr (ISBN:0716703440)

5. E. Poisson. 2008. A Relativist’s Toolkit: The Mathematics of Black—Hole Mechanics. Cambridge University Press
(ISBN:0521537800)

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)
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RA108

#Ba—F #B4% RA108. X{F¥piEE

(Course Code / Course Title) (Astrophysicscs in Quantum Gravitys)
E s
s [RE %1/A(HARADA TOMOHIRO)
(Instructor)
=y - B o
(Semester) A (Fall Semester) (Credit) 2BA{31(2 Credits)
BBFoNYLY £ AAE
(Course Number) PHY7390 (Language) (Japanese)
e LAT08 KAWL A RIS
(Notes)

| $2® B#Z(Course Objectives)

REHBEZOEREETT 5.
BEH.ATHRESIYIBELGHE - AT LESITFTEIEEBRICT S,

| 22 DMA (Course Contents)

BASNTOBREBER D EERITHHFL Newton EAERARNZLEURF LB BEOBASHEICI>TERMIC
FEEETESD, CCTIE, FMTRENGT I AN EIRATRANEBEZOEREZZ2E T 5. BRRDKERERL (T TEL
BR-RERROAXZREDSMLEL T . FITABRETEIFHYBZIZE T HRENZEFDLIZES,

| {2251 (Course Schedule)

1. BMBIZED|E)
2. BMBIZLDHE(2)
3. BMBIZELDH|E(3)
4. SMEBIZLDHE (4)
5. BMEIZLSHE(5)
6. SMEFIZLDHE(6)
7. BMEIZKZHE(T)
8. BMHBIZLDHE(8)
9. BMEFIZLDHE(9)
10. SMEFIZLDHE (10)
1. SMEICKBH|E(11)
12. BMEICEDHE(12)
13. BMEICKDHE(13)
14. SMEIZKDH|E (14)

| BEREMN (FE-BEZ) D% (Study Required Outside of Class)

MEBZEROKERE THNIEFIGATHRMBO BRI, S1%E, Newton ES, BHRE, RENZDNWTE>f=CELH
NIE+HTHD, RAEAZEEROBINOEITRINDT, FHMTE>TWVKTHEV BEFEEEIVETH S,

| BRABETAM 75 3% - 2% (Evaluation)

&L R—K(Final Report)(40%)/ $ 22 (30%)/ &5/~ DS AN(30%)
FTRTCOFEAEICEWNTRIHRBIVIEELERKELZERT S,

| TF X (Textbooks)

1. IRTERR, T, 1996, [FERANZ]. ERAEE (SBN:4563024309)

| & 3k (Readings)

1. George B. Rybicki, Alan P. Lightman,. 1985. Radiative processes in Astrophysics. Wiley-VCH (ISBN:0471827592)
2. Stuart L. Shapiro and Saul A. Teukolsky. 1983. Black Holes, White Dwarfs, and Neutron Stars: The Physics of Compact
Objects. Wiley-VCH (ISBN:0471873160)

| Dt (HP %) (Others(e.g HP))

| EEEE (Notice)
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RA111

RAI11BFILE%H
(Special Lecture on Electronicsics)

B8 % H(BABA HIDETADA)

2B f51(2 Credits)
BHAREE

(Japanese)

Fh=ZHA(Fall Semester)

PHY7590

EEYEFRIERLERVIEA]
LA EFIEEREARIRE

MEHRETACRFERERICBDEG/ ULAEE, ESREOERIZONTES,
HE.IHFERIVLSELHNHE - ATV ESICHFEHIELBIRICT S,

MEHRETAITREMICALGN S/ ULRABIBRALESLEEICOVTOERETI. JYEBRNLEREZFLI-OICEROMIC
AELEFEBEEEE LTI,

BRIESNMEhHBLE

i, avToY, o/ ILD&RE
Wa, B EEg

F&Ehr—I )L
AVE—F U REILER)
AVE—F U REIR(EE)
BFRIEREELOHDOEBH)
EBFRIEEES-ODEH2)
ARF7UTERW-EHRGER)
ARF7UTERN-EHRES)
ADC [ZDNT
FOAILBELE
J4R(Z21T
EDT DR IVEMEBN

® N kN~

__.__._
Hwdhd=0oo©

Bk, AP THEACELEANATE T EBOLH.

HEBIUVBEADSIET)/EERNFHER(30%)
FTRTOEMEAEICB VN TEELERKEEERT D,

1. WR.Leo, . 1994. Techniques for Nuclear and Particle Physics Experiments. Springer—Verlag ISBN:9.7835405728E12)

1. G.F. Knoll, 2013, [HEHEEHAI/ N\ R T vl — Lt (9.784274214493E12)
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RA112

FMEa—F/ #B%
(Course Code / Course Title)

RA112 /15T 4R 5T A4 R

(Special Topics in Techniques for Nuclear and Radiation Physics)

T—X /T EARILVE
(Theme / Subtitle)

RAF - [RFRYEZF O RERIC BB SHRREH RIS

S Bl F%(0ZAKI SACHI)
(Instructor)
(Se:ffter) & HA(Spring Semester) (C%e{:t) 2B {5(2 Credits)
BMEFNNYY =g BARE
(Course Number) PHY7990 (Language) (Japanese)
=5 EEMEFRIEHRERWEB]
(Notes) LA12 IEHRET AR E S RIRE

| 22 0 B4Z (Course Objectives)

FHF - FRFEYEBEZOMAEZE BN FAGEE TRELLLIMEHRET RN OERMBER I OITELEBERLETS.
BE.ATHRELIYIBELGHE - AT LESITFTEIEEBRICT S,

| 2Z DM (Course Contents)

BEAHRIRHBDORE - AL EXOXBESELLODERTH, XHOBERLSLVEBELNEFTLOTRRY HREE
BLT, ARG T A LLGHHHEEEFT 5.

| 12251 (Course Schedule)

FHRID— A& ER - HEET 1
FHRID—fi%EH - #EET 2

BEHREMEDHEEER 1
BEHREMEDHEEER 2

SRR
SUAIRHER 2
DUFL—LavigtB
DUFL—Laviaitis 2
F BRI

Bl L&, TRILF— BBEFORIEE 1

B, &, TRILF— EBEFORIEE 2

BEBRHBFZOEKE 1
BEBRHBOEMRS 2
FEDH

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

RHF - RFEYEZICETIERMBES(COTE, BREOTFEELT. XHEBABYICERYT HLL. HFBELOMEIK

FEANBRETEO TERIDERMPVELLD, BERIIPALILEZTBORRBRGTRILTTIELL,

| RUAEETI /5 % - Z % (Evaluation)

HEHE D= ENERE60%)/RE&LR—KNFinal Report)(40%)
BEROEBELTORR. LIR—NMIEDWTEHET 5, TR TOFHE SIS VTR &Y S EERKEFERT

60

| T XX (Textbooks)

L

| 2% 3k (Readings)

1. W.R. Leo. 1994. Techniques for Nuclear and Particle Physics Experiments. Springer—Verlag (ISBN:3540572805)

| Dt (HP %) (Others(e.g HP))

| SEEE A (Notice)
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RA115

FMEa—F/ #B% RA115,/ FHIRSTHRIFR
(Course Code / Course Title) (Special Topics in Cosmic Radiation)
i JEA #Z(KITAMOTO SHUNJD)
(Instructor)
ZFHR . BfT o .
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY7390 (Language) (Japanese)
"E EEYEFRIFERLERNIEA)
(Notes) LA115 FHBSFRIGRESRAEE

| $2® B#Z(Course Objectives) |
FEFOBELEFOINRIIF—EMZEBETL, ERAEEFELT, XROBRORIVGEERT S, B, ATHRELVES
ELME- AL EFIFTEIEEBEIZT 5,

| ZEDMNZA (Course Contents) |
FHEBAT L, BREILLOBREBPHAOIRILTF—SH (TRILF—IRINV)E, WAVWARIFERIAFZOND, R
DXBRIXZETIEXBDIRILF ARG ETZWDANAFLKREBTELLSITE-TE, D128, BRANSFHEEFETD
=121, EREMALXIEDRET AR, EKITEBEORIRICONWTODRBIEZEM T IENERIZEEIZLE>TE, ZDHE

£ T, XEERFHBIZOLWTIRILT—IRELZORBIDER, ZLT, BEOMRERETIRFEEETS,

| 2% 5HE (Course Schedule) |
1. A Review of the Schrodinger Equation
2. One-—electron in a Central Field, Wave Functions, Spin
3. Many—electron Systems, Statistics, The Pauli Principle, Hartree "Fock Approximation: Configurations, The Electrostatic

Interaction

4. Perturbations, Level Splittings and Term Diagram, Equivalent and Nonequivalent Electrons and Their Spectroscopic
Terms, Parity, Spin—Orbit Coupling

5. Zeeman Effect, Role of the Nucleus, Thermal Distribution of Energy Levels and lonization, Thermal Equilibrium, The Saha
Equation

6. Semi—Classical Theory of Radiative Transitions, Electromagnetic Hamiltonian,
7. The Transition Probability. The Dipole Approximation
8. Einstein Coefficients and Oscillator Strengths
9. Selection Rules
10. Transition Rates, Bound—bound Transition for Hydrogen, Bound—free Transitions for Hydrogen, Radiative Recombination
11. Line Broadening Mechanisms, Doppler Broadening, Natural Broadening, Collisional Broadening, Combined Doppler and
Lorentz Profile
12. Topics 1
13. Topics 2
14. Topics 3

| BEEMN (FE-BEZ) D% (Study Required Outside of Class) |
THERRACDOANRE, tMOFZFEEICHRBPTEDLLD, LU AZEFTHL

| BAEETAM A % - % (Evaluation) |
READSIMEN00%)

THERRACOABREEWIGRALERT OLT, BREFZEOHDLIFETHD, BROITARTOFMAEICSESVWTEELERKESE

ERT D,

| 7F R (Textbooks) |
1. Rybicki and Lightman. 1985. Radiative Processes in Astrophysics. Wiley—-Interscience (ISBN:0-471-82759-2)

| 3% X# (Readings) |

| Z®D1t (HP %) (Others(e.gHP)) |

| SEEEE (Notice) |
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RA123

#MEa—F HEA RA123 /R BEZ 4RI EER
(Course Code / Course Title) (Special Lecture in Modern Physics 1)
T;r:;?j/j;f;;|2';% EFENEENFH-FHA (Quantum Gravity and Phenomenology)
S i £ X(NOUMI TOSHIFUMI)
(Instructor)
T , Bif e p .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
HEF =8 EESS
(Course Number) PHY7090 (Language) (Japanese)
5 LA123 B MIERFRIER 1 LERIESE
(Notes) EhEE BREIXRGuide S EERRRIZHERTH L

| 22 0 B4Z (Course Objectives)

FRFROFHBOEBLLIEIRILEF—FIIERE UV completion NDEZFZEIZDIF. FNIZEDVWTEFEHOR
RABWAIEEZBERTELLIITHS,

| 2Z DM (Course Contents)

REECHIEBEFENEBENURMTR - FTHRRENB T RE—MROEEREMN 2 IEOSHEVERDIC. EFEAD
BREHAEICETSEFDOEREEBNT H. TOBET, BEIRLF—FYERDEZH ORETHNER. TIvoHR—IL
RNFLERET HERMIABTLIERRYES,

| #2258 (Course Schedule)

1. BIRILX—FEHMERE UV completion
2. HELIRIBOEKRMMEE (1)

3. HELRIEOEARMMEE (2)

4. BELIRIBOEMEMHESEEQ)

5 BRELIRMEOEMBMESEE(2)

6. EFENER/ELTOZKERO)

7. EFEHERELTOKRER(2)

8. SVRRHT—FERTUTSUR

9. EEMEHOENER/~DOIEEN)
10. EfEMEHEOEHER~DIEE(2)
1. EEWEHEEITSYIR—ILEBRAEN)
12. EfEMEHEITSYIR—ILBENE(2)
13. RIVISUFHEDOEREEE (1)
14. RIVISURHEDOEREEE (2)

| BEBERN (FE-EE%) D%E (Study Required Outside of Class)

FREOETZEI AL FIC. BETEBLEXDEHZELITICE,

| RUAEETI /5 % - Z % (Evaluation)

B #LR—K(Final Report)(40%)/$Z %~ NS NE(60%)

| T XX (Textbooks)

REPICEEXHEMERFBNT D,

| & 3k (Readings)

| Z®D1t (HP %) (Others(e.gHP))

| ;EEEE (Notice)
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RA124

MEa—F &E4 RA124 BRI MEZSFRIER2
(Course Code / Course Title) (Special Lecture in Modern Physics 2)
T;r:;?j/if;;lzﬁg BEHEMEBZOEMB (Foundation of gravitational wave physics)
BSEE A &%(TANAKA TAKAHIRO)
(Instructor)
ZFHR . By e .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
BBFNYLG =i BA:E
(Course Number) PHY7090 (Language) (Japanese)
5 £hEE BIEII R GuidelEhEEHIEIZHRT HL
(Notes) LA124 R YPEZEER2EGREE

| 2% D B4Z (Course Objectives) |
FLAMOH--FHOIFEH THIENRICEATIEREL. SEOFER. FTEVNEZFZEOH UK LETOBEFRARDY—IL
THD. TD=OITHERILEEICH-S2ERNEEOEMBZBIELT 5, 4H. IR ERIVIESELRME - XX ILEFIHF

[T5Z &%= BEIZT 5,

| BZ DKE (Course Contents) |
—RRAEX R, BEU. EHRICET 5 - MMBEREZALR RABENRRIOVTHER T S, RIT. EERNODENK
ERFRICDOVTESR, 512, ENRIRHOFRELET —2EH OERICOVTRIRT D, &RERIC. ENRBRHEMNSEAYDD
HARRGYEBITOVTERSL. ENRBAIS/ONIENEROIIRICH T HFIRICONTHLLA S,

| {2251 (Course Schedule)
—h%#ExtER I (Introduction to general relativity I)
—i%#B5t5% 1 (Introduction to general relativity II)
FHRIZET A —ERIERE [ (General foundations on gravity waves I)
FEHRICEET H—HRAIEHRE 1 (General foundations on gravity waves II)
¥RREENKIR 1 (Various sources of gravitational waves I)
R4 E AR 1 (Various sources of gravitational waves II)
EERNOSDE N ERFA 1 (Prediction of gravitational waveforms from binary systems I)
HEERNODE KK FE| 1T (Prediction of gravitational waveforms from binary systems II)
9. BENRBHEET—FEM 1 (Gravitational wave detection and data analysis 1)
10. EAHEHmHEET—42ER4 11 (Gravitational wave detection and data analysis II)
1. BEARBRENSIEHIDHIE 1 (Physics expanding from gravitational wave detection I)
12. BARBENSIENDHIE 1 (Physics expanding from gravitational wave detection II)
13. EHKREBEEHER/DYLGR 1 (Extensions of gravitational theory explored by gravitational waves I)
14. FBAHREBAEFEHEIHROYLGE 11 (Extensions of gravitational theory explored by gravitational waves II)

—_

© NS g WN

| BERRN (FTE-ETE) DZE (Study Required Outside of Class) |
EBE/—MNIEFNICERLETOCT, BEELTREICBATEIN, BEDHD/NRBEEFVSAVTRRLETDT. £
DFEFRBL TS,

| BAEETAE A 3% - 2% (Evaluation) |
Hi FE(30%)/ /N SR RE(70%)
FTRTCOFEAEICEWTRIHRBIVIEELERKELZERT S,

| TF X (Textbooks) |
HL

| 3% 3 (Readings) |
1. B #iE, 2021, [HExtER]. BRREE (ISBN:078-4-489-02364-4)

2. B2l K, AfE EKER. 2018 [EAHKDIR]. BiEEE (ISBN:978-4-254-13801-6)

3. Jolien D. E. Creighton, Warren G. Anderson. 2011. Gravitational-Wave Physics and Astronomy: An Introduction to Theory,
Experiment and Data Analysis. Wiley (ISBN:978-3-527-40886-3)

4. Cliford M. Will. 1993. Theory and Experiment in Gravitational Physics. Cambridge University Press (ISBN:0-521-43973-6)

| ZDHh(HP %) (Others(e.g.HP))
http://www2.yukawa.kyoto—u.ac.jp/" takahiro.tanaka/index—j.html
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RA133

RA133 /R FuFHH2
(Special Topics in Particle Physics 2)

R E (MITEI)

Fh=ZHA(Fall Semester) 2B{5(2 Credits)

AR

(Japanese)

PHY7490

LA133 RAIFISR2LARIIZE

BRGSO EFROEREZE S,
HE.IHFERIVLSELHNHE - ATV ESICHFEHIELBIRICT S,

AR THEOEFR, S Yang-Mils BRDEFILERRT S, ELEESRIFNLEEET SAIREMENH D)

1. Introduction
2. Symmetry breaking
3. Pion as Nambu—Goldston boson
4. Effective Potential
5. Magnetic Monopole
6. NonAbelian gauge theory
7. Anderson Higgs mechanism
8. Chiral anomaly
9. Quantizing Yang-Mills theory
10. Electroweak unification
11.  Quantum chormodynamics
12. Large N expansion
13.  Grand unification
14. Protons are not forever

EFBHAZDIN—TYIHNTELLERIRET B,
BE, EAONIFEVIETF AN TIRETRRTEDLICHALTFEEERT S,

3 [E LA E D FF(100%)
FTRCOFHEAZICB VD TRIHERE LV EEERKEEZERT S,

1. A. Zee. 2010. Quantum Field Theory in a nutshell. Princeton Univ Pr (691140340)
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RA134

#MEa—F HEA RA134, EFi54H
(Course Code / Course Title) (Special Topics in Quantum Field Theory)
T—XAYTRANLE ot ko RPN
(Theme / Subtitle) EAIRELOBOR TR
AaEA Jt# b2 (KITAMURA TOMOTAKA)
(Instructor)
T _ Bif e p .
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
#MBFoNYLH =8 BARE
(Course Number) PHY7490 (Language) (Japanese)
<f§% LAI3 BT B HREARIEE
otes)

| 22 0 B4Z (Course Objectives) |
SR EICRITAEOEFROERTERL, TOYENTRELTESR, 35T, FATFH. FHA. B®mINRTS
BROILGHL A SBEICRTIEDETFiR ZIRAONSIEZEET . B, HFEREIVIESELGHE - XX /ILEHIC
FraleEBEIZT 5,

| 2 DMEA (Course Contents) |
AR ZEICRITHIZEDEFHRIT, RIUTFHR. FHROCENERETER DL L TRELGREIZIED, 52, Black Hole FFZE
PREFHEVSEENONRVBEELLLIHEEDEFHMRRELMBLIZY, AdS/CFT RIEEVL>-ENDEFHEERT
BEOICEELERTHS.

COBETIE, FTHASRELTOBZOEFROBIOHESEZCEDERNEIELERL, BRTFETCOEFIELEL
=X JEHFEEEENGEHTORMFEREV S T-EAMGRRICOVTES,

SSICATEETH ML, Trace Anomaly 0 AdS B5ZE L TOIEDEHELE 12N S, D ST-BEITRITHEDEFiRg LUiFE

B A2, RATH. THH. BXRICRTEELDOILIGHIL  HASREICRITAEDETFH TIRALNSEEE

9,

| #2258 (Course Schedule) |
1. BA

BOEROES

@ H FRAFNIREN T

AFRBFHHHEA

HHZDES

B ARFETDETS

Bogolyubov ZE#t

de Sitter FEH CTDEFI5
9. Unruh 38

10. Hawking 285t

11. Black Hole 2 1%

12. BRES

13. Trace Anomaly

14. REMEIE

® NSk wN

| BEBERN (FE-EE%) O%E (Study Required Outside of Class) |
e N TITO128, RRELFEIFFOFEENALT S,

| RUAEETI /5 % - 2% (Evaluation) |
12 SRR B (35%)/ F R [ $h(35%)/F 3K - B R - R D NE(30%)
LA134 EFHERBESRBEBRIRTODIMEAZICEVWTEELERKEELERT S

| TF X (Textbooks)
1. V. F. Mukhanov, S. Winitzki. 2007. Introduction to Quantum effects in Gravity. Cambridge University Press
(9.780521868341E12)

| 22 3k (Readings)

1. Bryce. S. De Witt. 1975. Quantum field theory in curved spacetime. ELSEVIER

2. Fiorenzo Bastianelli, Peter van Nieuwenhuizen. 2009. Path Integrals and Anomalies in Curved Space. Cambrige University
Press (ISBN:0521120500)

3. N. D. Birrell, P. C. W. Davies. 1984. Quantum Fields in Curved Space. Cambrige University Press (ISBN:0521278589)
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RA146

#MEa—F HEA RA146 /R MEZIFRIERS
(Course Code / Course Title) (Special Lecture in Modern Physics 3)
T—Y /YT AAVE BIRNF—BAAVEREIA—Y- T IN—F2 - T5XIH8ERH
(Theme / Subtitle) QCD 1B#EE. FHNPOEEREE D ETFRNEO ST EEE. BR A
BEES I /—(ESUMI SHINICHI)
(Instructor)
ZFHR - . BfT . .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
HEFoIST £% EES:
(Course Number) PHY7090 (Language) (Japanese)
e EhER: ATEE R Guidel EhERBRR 1ZHRATHIL
(Notes) LA146 R YEFISRERILERAEE

| 22 0 B4Z (Course Objectives)

BUOVBEERAN KR TIHEHR. EREFEERROBLIDIRR, V94— IL—F>2-TSXT+ QCD HHRIDE &L EF
BT 5. EIRILX—E/TURER-BITOEEOBEDERERIZDITS,
HE. IPERLVLEELNE - REIILEBIZHTEIEEBEICT S,

| 2 DMF (Course Contents)

BIRLNF—BEAAVEERIG. 94— T I—F2-TS5AT(QGP)HEDMEBIZDNTES, CRETO/N\ROVEEDPE 4
UEERERICH TS, VIR N—FEHERAVTEONEE. EFER. TR —8%. N\FOVERBEICETIHE
HROHERREFLEOLEEEZH T4, QCD HHEA° QGP fBERFICDLVTES,

| {2251 (Course Schedule)

1. experimental techniques of high energy heavy ion collisions
particle detection technologies

initial and freeze—out temperature

chemical and thermal freeze—out

collective radial expansion

collective an—isotropic expansion

partonic energy loss and jet quenching

© NS g WN

direct photons and penetrating probes
9. J/psi, Upsilon suppression
10. higher order flow harmonics and small collision systems
11. particle correlation and source imaging
12. global polarization and chiral magnetic effects
13. first order phase transition and equation of state
14. critical signature and fluctuation

| BERRN (FTE-ETE) DZE (Study Required Outside of Class)

Related experimental results and theoretical interpretations to be searched and studied with published journals or preprints
from the experimental groups or from the theorists.

| BAEETAE A 3% - 2% (Evaluation)

R I&L7R—K(Final Report)(40%)/questions and discusions(60%)
FTRTDFHEAEICBVTHTHRELVE S EDERKEEZERT S,

| TF X (Textbooks)

L

| 2% 3k (Readings)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)

- 175 -



RA147

MEa—F &E4 RA147 /R YBEZ R EERSL
(Course Code / Course Title) (Special Lecture in Modern Physics 4)
g il e KEMESE DR LMHREE XSO RRRIEZRA DS
(Theme / Subtitle)
2kt #5K FFE(SUZUKI HIDEHIKO)
(Instructor)
ZFHR - . BfT . .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
BBFNYLG =i BA:E
(Course Number) PHY7090 (Language) (Japanese)
5 £hEE BIEII R GuidelEhEEHIEIZHRT HL
(Notes) LA147 IS RERA LG RIIRE

| 22 0 B4Z (Course Objectives)

RAENZERNPIZEBESVRI[INZOERZEBR/L, HIKOCREOARRVATLTREISZESHLATIYERRD
RAREZEMRIILEZARBRDBIRLT D, FAKYEICE THORBAMEICOVWTERET L, 486, sTHRELYLE
ERME- A ILEHITFTEHIEEBEFICT S,

| 2 DMF (Course Contents)

ERYEETIEELDBREZOAEEYEZ TR TS0, BROBHEMN, ZRNR—ILICKRBEGHENTEERANS. &
REOHTH T, ZOEIBEZS - FAROEREMRRT 5. ABREDRF TIIINICE>TIHRONDIHMREHKPRETES
DTVWAARERRICHLTCERT A EEMRIL. ENOD AN X LDAREN BB ARETHI_EETT

| {2251 (Course Schedule)

1. REMEZOHE
AEZDEVBIVIEEICIYBONI B OE

2. REDEHAEXICBETIHOEN
EABER. $EH. EH BEH@VAY A E=DH)

3. RROMEDYVEVLDOR : FEKEFE
AT—=ILINFDEZEEFDFE

4. EWMHLBFHMS
Euler & Lagrange DS, MEREKE R THD M S

5 [EERHREROEBESHAERRERT—ILEN
B RIBLRBRER T — LOBRRERSIFEX. CARTUIvIILEEDEA

6. RT—ILEMIC&SHEREALOEL, OXRE—#HDEA
HIKEREDORE —#EZFDEEF D

7. EHRORBLUHES LIRS
EEDOXDRT—ILEER

8. BAEAERX(TRILF—HERX) BLVEMEHHERER
RKRDEE. FRELIE

9. REHPDKHSOERBEEHERKDEERFBE
BANPETAT IS L(IRTSL)DERIZLZEESENHTEEE

10. ARRZROKRTEH~DIGH
EERE. SRE. BERE. TEE. 8RLE DERE

1. BEREKRT ST, BE
ENZBEHEEOEACLIEEI DT

12. BEAEIXELRKDEEHIED

13, HERKSIEOKREBARE
BEBAXIHEDORLHK

14. BREXSYEOXAAAME

| BEEMN (FE-HEE%) DFE (Study Required Outside of Class)

BAOZ, #HEtHhE EFAZOERNGHISLTERLTNDIL, MERZE (RIMVEN, MO ARRAGE)ZB/ELTHLC
EMEELLY,

| BAEETE 7 3% - B % (Evaluation)

RRIBRTIRITT HLR—M60%)/IREA DS M (40%)
SMEFFBEPICTOIHFEBETCRBICRTLEBIERELTHEY 5. TATOFEAEICE VW THIHRESYLEEER
KEZERT D

| 7% Ak (Textbooks)
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1. J. R. Holton [EAN. Dynamic Meteorology. ACADEMIC PRESS
2. IMNEEX. [ BRRE] RRRFHRE
3. B KER- BIEZERR, [KREFIFHEE 3 THBERBEORR]. RRAXFHIRES
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RA148

RA148 /B2 XK ENFR
(Special Topics in Physics of Planetary Atmospheres)

O E(TAGUCHI MAKOTO)

Fh=ZHA(Fall Semester) 2B{5(2 Credits)

AR

(Japanese)

PHY7390

LA148 BEATYERFREARIRE

BIEEOHET—ICEETIRERTIERICONT, HEICHELAHBERICDITS, 48, BiERIVEEELIH-R
FIILEFIMHIFBIEXBIEIZT S,

RERRBETIFEHMAFOBHRMELHNEOXMEFRAT, BLTRETOMRICLELGEMMBOFEEZFIZDT5,
XEOARE, BEEOHART—IEMEL, RLENEBONLIBEEERET D, BEEIHONLHHA TE=XION
BERNL, REREIELAHELHE T D,

[BEB]TNFETITHRALZXEK:

E. J. McCartney, Absorption and Emission by Atmospheric Gases

G. G. Shepherd, Spectral Imaging of the Atmosphere

S. J. Bauer and H. Lammer, Planetary Aeronomy

G. W. Petty, A First Course in Atmospheric Radiation

S. W. Bougher, D. M. Hunten, and R. J. Phillips, Venus II

J. R. Holton and G. J. Hakim, Dynamic Meteorology

AUbAF YAy, BT AXBDERE, BHRDEDRE

B

. §m"|'.
13. #EH:12
14, 3EH:13

X EHA TEBEL TS, BRTELN > -EREEELTSHIE,

BREADSIEN00%)
FTRCOFHEAZICB VD TRIHERE LV EEERKEEZERT S,

HEIDFEFEITHENT 5.

REPISEERNT 5.
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RA149

#MEa—F HEA RA149. /2% 2 W14
(Course Code / Course Title) (Special Topics in Planetary Physics)
Ha5% ®HA EZE(KAMEDA SHINGO)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY7390 (Language) (Japanese)
i LAI49 BEMEHHLARBE
(Notes)

| $2® B#Z(Course Objectives)

REVBICHIIMRHERERAS, RETREES TV IMERREERT D,
BE.ATHRELIYIBELHNE - AXLESITFTEIEEBRICT S,

| 22 DMA (Course Contents)

RECEHAIIHBEDHDOVIRFRANETA, RHOWRICAITTERT S, BM(T, ZELEOHART <L TERYT
%o EARBIIZPNRIKICET HYME, RNREICETIEEERS . RBLEFBEMERAHED, BRNEHELICOVTIE
EYHHEAY R B,

| {2251 (Course Schedule)

1. A4ZVR

2. INERE(CBEY HIGER(D)
3. INREICETIMGERD
4. INERE(CEEYHIMXEERQ)
5 IINEREICREYHIMXEERW
6
7
8

INKE(CBET BERG

INEK 2 (CBHT HEm I EARR(6)
. RNREBICEATHIEERER
9. RNRECEHIIEEESRD
10. RONRECEHT HEEHEHEZOQ)
1. RAREICETIEEETQ
12. ROREICEHT HEEHEHEZOG)
13. RHNREICBEHT HmER6)
14. RNREICEATHmERT)

| BEREMN (FE-BEZ) D% (Study Required Outside of Class)

REMPOREREICEHTIERMTMBIROLND REMANEENL TEROERETICE,

| ARABEETAM A 3% - 2 (Evaluation)

ERSEAF DS NN E (20%)/ Sz DR RN B@0%)/ BT —IFHKKEZDLHR—N40%)
TRTCODIEAEHIZBWVTEELERKEEZERT S,

| T XX (Textbooks)

L

| & ik (Readings)

| Dt (HP %) (Others(e.g HP))

| SEEE A (Notice)
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RA150

#MEa—K FB% RA150/ & TR IL¥—FEHEMEFIFH
(Course Code / Course Title) (Special Topics in High Energy Astrophysics)
FT—/YTRANILE - N i SO AR A i ]
(Theme / Subtitle) SIRILF—FEYEETESRLHOFEHEER
BSEE ILE E(YAMADA SHINYA)
(Instructor)
=3 o ET ey
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
#MBFoNYLH =8 ZDith
(Course Number) PHY7393 (Language) (Others)
ke LATS0 BT H L ¥—TENESH R AREL
(Notes)

| 22 0 B4Z (Course Objectives)

COBRETCREIRILY—FENEFOEROERZEHET. FERROP T, IT5vIF—IL, BHFERK. /LY — 4
MWD Vb, M, FRMEFHERERICOVTELN, BIRLF—OFHERZZRHBEES. 46, iTHFRELVLSELH

BEGAAERIIDITBILEERT D,

| 2 DMF (Course Contents)

X#R, BR. AVIBOFHRR Y., FRMTHLOFHROBEARZ TE BIRILF—OHF X, EFROEHREHF
L HIERAFERELTUY DL CORETIE, TOERELLIYMERROERZ BIEL. FIEX R, \BHTHE. JFRNTK

5L REDOHIEHYRELAL, BREEZFHTHL

| {2251 (Course Schedule)

1. BIRLF—FHRZOBN
T ERE0)

gt @EQ2)

T EFEQ3)
FHRSHRE LR
FHRSHRE L R
BEBEEIS5vIHR—IL
EXEEITSvIHR—IL
9. FEHK

10. FEHEHAOER

1. To—H—

12. BHERE

13. FHFEPI/URE
14. FHOKREEE

© NS g WN

| BERRN (FTE-ETE) DZE (Study Required Outside of Class)

MBZOEREGLIBEURFE. WERENELERLTCVSILT. FERROERLREL-O . BRI BEKRTISS(3E

H. PEEIVEETTHICENEFLL,

| BAEETAE A 3% - 2% (Evaluation)

BH&LR—I(Final Report)(30%)/ 58T A ;(Final Test)(25%)/in—class work(20%)/mid—term test(25%)
FTARTOFEAEICHWNT,. ENERBELRITEENEERT 5,

| TF X (Textbooks)

THERAMIHITIEELEE A

| 2% 3k (Readings)

1. Hale Bradt. 2014. Astrophysics Processes: The Physics Of Astronomical Phenomena. Cambridge University Press (ISBN:978-

1107677241)

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)
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RA201

MBa—K ®B% RA201.” f8%t iR
(Course Code / Course Title) (General Relativity)
T—RAYTRAMLE  hnAgagia
(Theme / Subtitle) MRAR R AR
S [RE #1/AE(HARADA TOMOHIRO)
(Instructor)
ZFHR . By e .
(Semester) HFFHA(Spring Semester) (Credit) 2B {3I(2 Credits)
HEFNUST =1 ZES
(Course Number) PHY7390 (Language) (Japanese)
ms OB116 BIRMESWAT . LA BHBLAFER
(Notes)

| 22 0 B4Z (Course Objectives)

—RAEX RO BERNCRNBREERT L, 06, IHARBIVIEELHB - AFILESITHTHEEBERICT S,

| 22 DMA (Course Contents)

FELENDOEBERTHLA— MBI OVTHERETI. —MAXRIEL. ChETICSLORAERBRESLMEETYY7L
TE= TREARWLGEZA L. SOHLP LN FOERYELECENEEIFORRYEBEFEICLOTRSEDTERL
LDELGO TN RREFHEEERRET D,

| 12251 (Course Schedule)

1. —iRAExROE
BEFRERA)
HFRER(2)
HEFHER ()

HEFHI#ER (D)

EHOERHELTO— MR (1)
ENOERELTO—MRAExER (2)

2
3
4.
5 HEFEMER(4)
6.
7
8

9. —fERERMICLIENYEZ)
10. —fRAEXIERIC KD ENMEE(2)
1. —fRAExRICKDENYMEE(3)
12. —fiRHXERICKDEHYPIES(4)
13, — R HICKDENYEE(5)
14, —fiRHXERICKDEHYPIEZ(6)

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

THhEA-2]-THATES 1-21 TR 1-2)- TEEKFE 1-21- THEHFE 12 - TREL=FI- TRRAYEBZFHITHRHOND
ABIIBBEATHAIEERRET D, SHICTRANZI TERNZITHRONIABTEEREFAHHOINIMERPTHDHE
NECEEND, EEDIREDEBTZLTITIIEL,

| ARABEETAM A 3% - 2 (Evaluation)

05 ER (Written Exam)(80%)/fx#& L 7Rk— I (Final Report)(20%)
FTRTODFHEAEICBVTHTHARELVE S ERERKEEZERT S,

| T X Xk (Textbooks)

1. {2 KHEI. 1996, [—HxHExtiml. EEXRE (ISBN:4782812051)
BWEIT)ULEERMNT S,

| 2% 3k (Readings)

1L.IY T 3580 @Az TL VIIvY (&) 18k 8E GR.1978. [EOEHHE (REF 6 ). RRHE

(ISBN:448901161X)

2. {EBRREE. 1996, MMExT R, BRENE (ISBN:4000079298)
3. Bernard Schutz (). ;TEO BA (GR). ZM# 8 (GR).2010. 5 2 ik > avy MBxmARN | $55%MExH]. uE

(ISBN:4621083104)

4. Bernard Schutz (). ;IEO BA GR). ZM# #58 GR.2010.TFE 2 > avyy HxHmAM 1 —i&ExH]. LE

(ISBN:4621083112)

| ZDHh (HP %) (Others(e.gHP))
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RA202

#MEa—F HEA RA202./ R H1Fiff
(Course Code / Course Title) (Particle Physics)
T—XAYTRANLE N
(Theme / Subtitle) BOEFHRAP
S AT #—EBERKINOSHITA SHUNICHIRO)
(Instructor)
=5 e B oy o
(Saimesiy) & #11(Spring Semester 1) (Credit) 2Bi{#(2 Credits)
#MBFoNYLH =8 BARE
(Course Number) PHY7490 (Language) (Japanese)
il CBI17 BMAMBLHE2, LA202 RHTHESFBL
(Notes)

| 22 0 B4Z (Course Objectives) |
BRMEZORBRTHIGEOEFROERETFESIENBETH D, [, SHAFRELYIBEGNHE - AFILEFITHITEHIE
#BEIZT 5,

| 2Z DM (Course Contents) |
BOEFHRIETERMEBRIIEVTEELGREIZRLTWS, RAT—15. TIRV LG, T4V IEOERNMEL LUE
NDEFILDEFEBIET . GH 4 A.5 AlC2a7EKRL THEBA TREETI.

| 12251 (Course Schedule) |
1. AvkaE o3y

2. WHIBA) Y54 -TIFCHER

3. HHFQ2) vHRYILARER

4. HHIFEQ) T14ovIAER

5 T4V ABEXDOMEEN)

6

7

8

T4ovIAERDOMEE2)
F—URE
. IGLRIFIG
9. ZOERLERRE
10. xIFRELRTER]
1. E#£EFEN) RAS—EDEFE
12. E#EEFIEQ) T14IvIBDEFIE
13. E#HEEBFEQR) TIRYIILBEDOEFIE
14. R7UHLHREK

| BEEERN(FTE-EEE) DFE (Study Required Outside of Class) |
R TTIRMERAED TN O HRBPEF I+ HLERERERFBETI. COB. AOEH-ERPLTERNABEDE
RNIEYDEMEIZEHH &,

Ff- ERRIPLUEXBRICSNTESLLLFTEETI,

| ARABEETAM A 3% - 2 (Evaluation)
HEHEIDOHKFRNE(60%)/ 55~ DS NN(40%)
TRTCOFEAEICEWNTEERERKEEERT S,

| T+ R (Textbooks) |
1. IRARE AN, 2014, [FDOEFiH]. EFEE (ISBN:9784785325114)

| 2% 3k (Readings) |
1. M.E. Peskin and D.V. Schoeder. 2019. An Introduction To Quantum Field Theory. CRC Press (ISBN:9780367320560)

2. A. Zee. 2010. Quantum Field Theory in a Nutshell. Princeton Univ Press (ISBN:9780691140346)

3. RAREAN. 2020, [EDEFH D). EEE (ISBN:9784785325121)

[ ZOHa(HP %) (Others(e.£HP)) |

| SEBEEE (Notice) |
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RA203

MEa—F &E4 RA203/ FEHYEF
(Course Code / Course Title) (Cosmology)
T—Y /YT AAVE , _
(Theme / Subtitle) Introduction to Physical Cosmology
E Mz
R HiFE H2K(TANAHASHI NORIHIRO)
(Instructor)
FH — By e _
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
®MEF NI =8 BARE
(Course Number) PHY7390 (Language) (Japanese)
e CBI18 EMMIELHRS. LA20Y TEMESL AFIER

| 22 0 B4Z (Course Objectives)

MEBR(CHEDWV - FHABOERWBIELZIC DTS, REOTIANFATERL, BSOS ETHRICHRAT S, £V
FEREAICEND BE. ATHRBIVIEELHH - AFILERICHITEHIEZBRICT S,

| 2Z DM (Course Contents)

HETEMMEFHAOERNT T ACOWMBER G, BRE L. FATNHEABAERARAATIRTOFEEZESL
THEFEL, RR/—IMEERT D BRETE, ZFR/—IELLIHREBZLEN OB DEETHIRIZRAT 5. RREUNLE
HIICFEZL, REFICRREBICEBMIILGELTERELEALCEBRETEDS HEHELBEEMRERBAZE L. EEE
DEBEYITD,

| {2251 (Course Schedule)

1. A4ZUR

ERMULGHRAEE 1. —BEAFTH. FARE FEEIC oté?sa%t;%;ﬁ
BERMLGHBER 2 I/VOKERBS FEIZLIRREER
Za—bUEALIL—BREXRAN FEEICKDIEREER
AN—RY A —h—EtEEBE (BEICKIREREER)

TAV A4V ARBRRET)—RFIUARK (BEICKDIREREER)
FEHBETIL1(EEIC oté’}éi&;%;

FEHBETI 2 (REICKEIEREESR

9. FEHHR/NTA—E (BEIC oté%ﬁt;%' )

10. #—9353— (FPEICKDIHRREER)

1. JAUORERRESOWE (BEIC ;é%ﬁt%éﬁ)

12. A27L—a T HE (BEICKDIRREER

13. BEAFTEMICKDEERR 1 (F£IC A:é&éita%;ﬁ

14, ENTREHICKIBERRK 2 (FEICIOIREREER

©~No oA wN

| BERRN (FTE-ETE) DZE (Study Required Outside of Class)

—ARAEXERICBE I A M ILAMRELA LA, HATLU TR EE AR ((EAREBE T HEEMMAMET D, NP ORHKA
X3, BHERE. Mt hE. EFNZCETIMBIIAHIRETS S, T RENZOMBAHo-AAEELL,

| BAEETAE A 3% - 2% (Evaluation)

FERDNE(35%)/ZHRANDSIE(35%)/ B DL R—EEE(30%)
FTRTCOFEAEICEWTRIHRBIVIEELERKELZERT S,

| THF Ak (Textbooks)

1. Barbara Ryden. 2016. Introduction to Cosmology 2nd edition. CAMBRIDGE UNIVERSITY PRESS (ISBN:1107154839)

| 22 3k (Readings)

REDITEERNT S,

| Z®D1t (HP %) (Others(e.gHP))

AERZZEIOIBEARIE1EADER (HIFR) B THET S,

| SEEEE (Notice)
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RA205

MEa—F &E4 RA205, 1B
(Course Code / Course Title) (Mathematical Physicsgh)
T—X/AYITE(ILE o o A
(Theme / Subtitle) BORTFWAF] (BF)
iR AT #£—ERKINOSHITA SHUNICHIRO)
(Instructor)
FH . By e _
(Semester) HFH2(Spring Semester 2) (Credit) 2B {51 (2 Credits)
®MEF NI =8 BARE
(Course Number) PHY7290 (Language) (Japanese)
(I\{E’fs) CB120 EiRMIEEFETRS. LA205 HIEMEF LERIFRHE

| 22 0 B4Z (Course Objectives) |
HERYMEZORBTHIGDEFHRICBVTEDROERETZIIENBETH D, M. AIHREBELYELESELHNH - XX ILE
FIFT5IEEBEIZT S,

| 2Z DM (Course Contents) |
BOEFHITERDEZICEVWTEELRIEZRLLTWS, HARRTIEFIHEEHOMNIHOIZ, EHH. BREREIETF
b, 774 B KYZHBEDEMEERIET . HEH 6 A.7 Alc2avERL THERRA TR EE1TS,

| 12251 (Course Schedule) |
1. A>basdoay

2. HEERZLOHEDEFH)
3. HEMERZLOENEFH?D
4. (EREEEEHRIS()

5. {GiBBABEHITE(Q2)

6. REERIES()

7. BERESQ)

8. RIEHQ)

9. EEFHREIVINDEER
10. T7AUREATHTSLA)
1. TPAUREALTHTSL2)
12. T7AUI - BAT7H5S5L03)
13. <YZH(1)

14. <YZHQ2)

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class) |
MERMBZER2-FHFRIZEBELTOSIENEELLY,

Rt X TT R RMERAED T FREBF I+ ALRRERETI. COB. RAOBH -ERLTHFRAMNEDE
DITYDIBREICEH DI L,

Fi-, ERRIBUEILEBRIISMTEELSFEETS,

| FAESTAMi 77 5% - B4 (Evaluation)
EHE D FRRAE60%)/ R~ DS NN40%)
TRTCOFEMEAEICEWNTEERERKEEZERT S,

| THF Ak (Textbooks)
1. IRAKRE AN, 2014, [SFDOEFiH]. EFEE (ISBN:9784785325114)
2. IJ/WARE A, 2020, [BEDOEFH D). EEE (SBN:9784785325121)

| % X#k (Readings)
1. M.E. Peskin and D.V. Schoeder. 2019. An Introduction To Quantum Field Theory. CRC Press (ISBN:9780367320560)
2. A. Zee. 2010. Quantum Field Theory in a Nutshell. Princeton Univ Press (ISBN:9780691140346)

| Z®D1t (HP %) (Others(e.gHP)) |

| SEEEE (Notice) |
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RA206

FMEa—F/ #B%
(Course Code / Course Title)

RA206. #fi st R ¢
(Statistical Physics)

T—X /T EARILVE
(Theme / Subtitle)

TNV T—ODEBEFER

S KAR $%(OKUBO TSUYOSHI)
(Instructor)
ZFHR . By e .
(Semester) HFFHAMth(Spring Others) (Credit) 2B {3I(2 Credits)
BBFNYLG i BA:E
(Course Number) PHY7290 (Language) (Japanese)
5 £hEE BIEII R GuidelEhEEHIEIZHRT HL
(Notes) CB121 EiRYIEFERG. LA206 RRYEFLERIZE

| 22 0 B4Z (Course Objectives)

HEtE. EFSAMEICETETUOVILRVNT—IRBOEREZEBL, TOVULRINI—ITORUEHERMTEERT
2,08, IMHRBIYLBELGHB - AXLESIMHTEHILEBRERICT S,

| 2Z DM (Course Contents)

TV T—O DR - EF S AMBICHE THERHAIELT, TUVILBYAAHIZE DAL EL, EFESHIREDT
DINFIRT—ORBIZTODNVTHENT D, CNoDEBEELDTIDESUVELMDEZINSHD T, TOVILRINT—ODE
BEAEDER. BLU, IGRABIICONWTEET 5,

| 3%

£1i# (Course Schedule)

BAMBETIINIINT—Y
THDHEEDNEEAET7EM

BS2258 80T IILA~DHRRER
TUVILRY T —D52Y A FH D EE
TV T—I42YAHDHEE
TN YRT—D48YAH OISR
FHRDI AT LAV SETHIFERIR

ITHERBEOME
THERBROLA

TUOVNLNRYRT—ORBEADFEE
TRV I —ORFOIEH
EFEEETVILRYET—H

BFRUITELT YL AURT—2

FEH

| BEBERN (FE-EE%) D%E (Study Required Outside of Class)

BRI OFEBIHT SiEnIE. DECHLTHRERT 2.

| RUAEETI /5 % - Z % (Evaluation)

T #&L7R—(Final Report)(40%)/ 1%~ D2 N E(30%)/ L 7R —(30%)
FTRTODFESRICEWTHTHIRELVE BB ERKEELZERT S,

| THF Rk (Textbooks)

L

| %X (Readings)

1. BEFRE. 2021, [ToVILRIET—ODEBREGA: HatE- 8 FFR-HMFEE (SGC 31473 169)]. 41T R4t
(ISBN:4781915159)
R. Orus, A practical introduction to tensor networks: Matrix product states and projected entangled pair states, Annals of
Physics, 349, 117 (2014).

| ZDHh (HP %) (Others(e.gHP))

https://tsuyoshi—okubo.com

| SEBEEE (Notice)
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RA207

#MEa—F HEA RA207./ R FiHEZ
(Course Code / Course Title) (Nuclear Physics)
il IR E AN R T T YRS R0 LR
(Theme / Subtitle)

AaEA FHE XRERMURATA JIRO)

(Instructor)

(Se:ffter) & HA(Spring Semester) (C%e{:t) 2B {5(2 Credits)
BBFNYLG i BAREE
(Course Number) PHY7490 (Language) (Japanese)

5 EEMEFRIERERHEA]
(Notes) CB122 [RF# aHEMIBFET 1. LA207T R FRYMEBZLERIIEE

| 22 0 B4Z (Course Objectives)

MERZEAVERFR- R FREROBERMBEZLCES RRICDELGERNVGREESHFEICEND, 46, ATHEELYLE

ERME- A ILEHITFTEHIEEBFICT S,

| 2Z DM (Course Contents)

20 HACOYMBZEINFEICLHEFENFE, BRICHBENFECIOTHELNOERERERICHT WAL HSER
EEELFHIEICHEYILIz, COBRETIE, MSRRORERLUFOERWGEHFNLIRD, BARKHFHR ATMERERAL:
REF#ALNROY, I4—0-LTIICED, BRNAEZAEBEMNICRSCETRROMRMBELRIHBEDFEEE
RIHIELERNET S, BREAITLTEARMNLGHERTEXRA, MRRS TEERIDMBEEMRERDILIICT S,

| {2251 (Course Schedule)

1. WEHRORER - MERBFEER
R INERER T - RIG
WA hnERR2
Yook

SH I+ —FEREL
FEFZOERMMEE
gERL OOV
mER /OO
9. NkForoipE

10. aAS(44—

1. 94—2-LFo g
12. PBULEEERERTE
13. 1ZEEERLZTDE

14. EhHhoYE

© NS g WN

| BERRN (FTE-ETE) DZE (Study Required Outside of Class)

MRF#&BER, TR FEERIOAR

| ARABEETAM A 3% - 2 (Evaluation)

=L R—(Final Report)(40%)/1% % / —(40%)/1% E NEERE(20%)
TRTCOFEAEICEWNTEERERKEEERT S,

| T XX (Textbooks)

L

| 2% 3k (Readings)

| Dt (HP %) (Others(e.g HP))

| SEEE A (Notice)
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RA209

#MEa—F EB% RA209. [RF- HFiiEZ
(Course Code / Course Title) (Atomic and MolecularPyhsics)
T—Y /YT AAVE =
(Theme / Subtitle) EFMELTERE
S L% #B—(YAMAZAKI MASAKAZU )
(Instructor)
ZFHR . By e .
(Semester) & HA{h(Spring Others) @t 2H{¥(2 Credits)
HBFUT =5 A%
(Course Number) PHY7290 (Language) (Japanese)
5 EEMEFRIERERHEA]
(Notes) CB124 [RF# aHEMIEFER 3. LA209 [RF - N FYBFLEERIEE

| 22 0 B4Z (Course Objectives)

ARBOIEE AL, BFNFOEANMMEHEERL. RT- A FPOBTFOEPRECLERE . HTNELET T
ISIMLCHEBTES LI HBIETHS,

| 2Z DM (Course Contents)

REETE. RAHNZORBLLIEFILEDNSEEZRD, EFNERLEICESNHEFRENBL-HE. EFHEDE
AHRHEA . EOPOHFDEHEHRAL, SHITKRREF. FEFREF. D FORELIRNF—BLIMLFREELREER

WY Do

| #2258 (Course Schedule)

EFNERENE—BIHEFH

EFHZEOER

FOROHF

KEEFIABFRDNILL=TY)

KFERF N(EREAMEHREAERE)

KFRF IEHESHEH
ZEFRFIBEIRERETIL)

ZEFRF I(EFEELEE)
DFOEEETIRILT—I(H2+1F)
HFOBELEIRILF—N(HFHE., FLETRILFE—)
HFOEEEIRILF—IH2 5F)
DFOBELIRILF—IV(DFEELESHE. ERBELD FOEE)
ZERFANFODFEE

RIEDOREF DB

| BEBERN (FE-EE%) D%E (Study Required Outside of Class)

BRI OFEBIHT SiEnIE. DECHLTHRERT 2.

| RUAEETI /5 % - Z % (Evaluation)

LAR—FERER(Report Exam)(60%)/12 2 N THE R L 1=12 H #1(40%)

| T ¥ Ak (Textbooks)

1. REA—. 2014, [EFLE]. BFRENE (ISBN:ISBN4-00-007986-7)

2. REEWBIEH. 2022, [BIZRZEDODOEBLEIEFLE LR NF12022 FERM]. 2R A (ISBNISBN978-4-
7598-1925-0)

EEEH

| 22 3k (Readings)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)
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RA211

#MEa—F HEA RA211.//\FOV i
(Course Code / Course Title) (Hadron Physics)
F—X /Y ITEAMILE RULRIALENFOVTHABGF P HEFHILEIZHRETRDEREFHICEITHEF
(Theme / Subtitle) BOEE
BaEE WA EF(YAMAGUCHI HIDETOSHI)
(Instructor)
= v o .
(Se:ffter) & HA(Spring Semester) (C%:;t) 2B {5(2 Credits)
BBFNYLG i BAREE
(Course Number) PHY7490 (Language) (Japanese)
5 EEMEFRIERERHEA]
(Notes) CB126 R F#% - METEMEEHERS. LA211 NWFOUYBEZLERIZE

| 22 0 B4Z (Course Objectives)

NFOVIFEOMDE IZERTHERMFTHS. HADRLFIEL/NROVEGFEPEFTHAIN, ThoEREBELLT
SHRGTRAFHTHEL -, COBBRTIHRIC, FHICETAITROAGRCFTEDBERERGE, BHAShTOENIELS
WFHTORFEOBEEZS.LH, iTHRBIVIEELIHE - AXIVERICHITEIIEEZBRICT S,

| 2 DMF (Course Contents)

FHOBYILPTROERICEFERNKREZLREZRLLTVSIEAHMN =D, 20 HIZFEDZETHS. COERIC
FBHETIHRAUREL KREMHELT, BFERIGIZES>TEREIN, SEESN TS, CNOEDREFHRREDEEL, E
VT INUR 100 REEDOHNHAFE, ZTOR 100 BEEHEYITH>THELNIESA TELEEZOREAETHS. RFEOKR

ISIFEHIC, 2ot BHERREIVELIEDELZONSES, COSIBRFERRIGEH £ TRERHICHEN O HBEN

ThnTE EAE, BUEFHRAD Rl E—LT7IMN)—TIF, AEARERLIENGVTRRERFHRESHREYLL,
TROBREMAT HEAMNIEEOTND, — BRI EB DN EERR AR D AN X LICLREREM A FF-h TRY

HLUICRZBE, E<DRELHFHET D RATORBREFFRDOMMDDOYIZONTEER T HERBFC, RAZMEZOHR
HEERBNT 5.

| {2251 (Course Schedule)

1. N\FAOVEFHEOEYS

FREFZEZTDREN

FHTORFZOEE

TTHREKEE (FH) DEL
TEREROBYE  BBRREEATINDE—D
TEASBRORYIE2  HIEIREELERIRAE
BRBICEDITRER - EvI Ny, ERIIE
BHEBROREFTRERFZ

9. RAKRIEOEERHE

10. HLTHLWAB=2—~J /F9E

1. RHERIE . /—AV 9% ANC %, ThOADOKE] &
12. EVWEFELIIDOIBERNTREROWHEE
13. rBRRFEDLNEFETERD - HEDORLIR
14. TREROEEE

® N gk wN

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

IHRRTRASINERFETY

| BAEETAM A % - % (Evaluation)

LAR—(25% X 2 [B1)(50%)/ H & 5E FE (50%)
LiR—hEEA - 2RO 2BIHE T FETT . TR TOFHAA IS W CHIHIBRRELVEEELERKEEZERLET,

| TF X (Textbooks)

7L

| % X#k (Readings)

1. C. E. Rolfs and W. S. Rodney. 1988. Cauldrons in the Cosmos. Chicago (ISBN:0-226-72456-5)

| Dt (HP %) (Others(e.gHP))

IHFER TR EICHLTREBREERISIFETY .
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RA213

HMBa—F/EB% RA213./ FH ISR EF

(Course Code / Course Title) (Cosmic Radiation)
i JEA #Z(KITAMOTO SHUNJD)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY7390 (Language) (Japanese)
— CB128 TEMHMAWIERR . LA213 TEMSMES L AFEE

| $2® B#Z(Course Objectives)

BHOFEOBSE, MR XREMEOHEEREREL, XRRETEDLIGHMENTONTVINERT D, BFH,
ATHIRE LY ELRRHE - AXLESIMHTEHILEBRERITT S,

| EZE DA (Course Contents)

FHREBAUTIFEENALEHD, TDI5D—DHAXRICLDEFEDNEHATH D, MO TIEXRTEHATHIRIKE, Ty
OR—ILFEDRRGREIZRoN TS, §TIE, RAKBORENAMLEL, FEAEDKEAXRTRATESLIIL
f=o T005, FEAEDRENXREMRST T EMEMIBLZF>TEY, TOMERBEHEFALLVE, RKOEEBOMERIZ
ELBVNIEMNBHEIN TS,

COIRETIE, FHOBEDHBREEZL, XIREVEDHEERE, XRTANONEDNFEET S, TDE, LWBNSHL
KEEXBRTRALTHOMDILEHBAT 5, £, BAKECLFR. TLTRAEDINEVIRITHMN S FETHD,

| {2251 (Course Schedule)

1. AvkaE S 3Y
MAHRDMEE
MEHRDMEE2
XREMEDHEEER
XREMEDHEEER2
XERIRHEE 1
XIRIRHEEE 2
LEER:

9. T4vTAVY

10. IARILF—RARGKNILEEH
1. EDFEYI R

12. EDFEYHIR2

13. wmEDFEYHIRSI

14. REDFEVI R4

© NS gk wN

| BEEMN (FE-BEZ) D% (Study Required Outside of Class)

EFNZFE MEFNFEEELTNDIE,

| ARAEETAM A 3% - 2 (Evaluation)

&L R—(Final Report)(40%)/T8RE, ) 70 ar R—s3—(50%)/ 1% FE~ D ELY 8 #(10%)
FTRTOFEARICEVWTATHRELVYE S B ERKELZERT S,

| T XX (Textbooks)

L

| 2% 3k (Readings)

1. EARB . 1998, [XER TS TSy o7R—IL]. EFEE (ISBN:978-4-7853-8678-8)
2. kAR B=  FBRML. EBAEE. 2022, [FHESZE QRAJlL BTKZE (ISBN:978-4-8446-0904-9)

| Z®D1t (HP %) (Others(e.gHP))

| EEEE (Notice)
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RA221

MEa—F &E4 RA221./ ISR BB ES
(Course Code / Course Title) (Radiation Therapy Physics)
Ha5% #7A& FA(SUGIMOTO SATORU)
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) PHY7590 (Language) (Japanese)
"E EFMEFRIFER [ E]
(Notes) LA221 ISt A B MBEE LS RIRE

| $2® B#Z(Course Objectives)

BADBFBERETOIRICBDELLGIEPYEZOEREZE S, RARBRS TEHKEZMELICROONDERIHZRFH

ENBERTHS.

| 22 DMA (Course Contents)

MEHRARICBDBELGREFR, REFHE, BREMERSELDIC BRRBZERZETHEICIYERYELIARETITIR

BOERICHitN D,

RENRERREN DS ITREEELRENIZATI,

| {2251 (Course Schedule)

1. TREHECE R
BEHHRAREE

AR RIS (X 8% BT, AIRGLRFEETI)

TR R (BFR - EH TR, ARG RFETI)
MEHRBED AT E

BEHRARIC B B EREYIE

BEHERERICE T DRIV EEHR (IR REE1TI)
BEHRARICE T ORIUREFE
BEHRERICEITOIREERE

RELFMAHRER

ER B SR HAR

T EIMRIFE R

MEHRBRICE T D EGOE
BEHRERYEICET MR -FME

| BEREMN (FE-BEZ) D% (Study Required Outside of Class)

IAEA AT BT iR A EIZE T 58 E B H (https://www.iaea.org/resources/rpop/resources/training—material#5) [Z B 18

j-o

| BRABETAM 75 3% - 2% (Evaluation)

B L 7R—K(Final Report)(40%)/BEH LUV EZRAN TO RS (60%)

| T XX (Textbooks)

L

| & ik (Readings)

1. Faiz M. Khan and John P. Gibbons. 2019. The Physics of Radiation Therapy 6th ed.. Lippincott Williams & Wilkins (ISBN:978-
1496397522)
2. BEAERF . IREX /NEE— FE. 2009, [MGHRARSPFOEEMEL OO OEREEH]. ZR H Rt
(ISBN:978-4884123246)
3 FMAFRE.  #wE. 2016, [STHRAERMER], BRI+ (ISBN:978-4902590562)

4. thWEMEEL #RE. 2015, [IGHRETRIZ]. EMESCE$E (ISBN:978-4902590418)

5. B EBEL RE. 2019, [RSHEMEZ]. EFE#EtT (ISBN:978-4902590869)

| Z 0t (HP %) (Others(e.g HP))

| SEEEE (Notice)
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RA226

#MEa—K FB% RA226./ B 2P

(Course Code / Course Title) (Planetary Physics)
E s
i ®HA EZE(KAMEDA SHINGO)
(Instructor)
BT . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 Bi{51(2 Credits)
BBFoNYLY £ AAE
(Course Number) PHY7390 (Language) (Japanese)
— CB130 FEMRAMEBMRS, LA226 BENESLAREE

| $2® B#Z(Course Objectives)

BEEORARERBFBETHASNEZRRIZOVTES, EICKK[EFLLGVRADRAFBR ORE - BEBERREICLSIR
HHRERNT 5. Tz, SHRERSNTVLIRNBREDHEEZERT S,
HE.IHREIVLSECHHE - AFILERIFFEHILEBIEICT S,

| 22 DAA (Course Contents)

BAMDAREZFEHEIZET, ARERENSCP, INREFBERIIPLAIARKREFLORAKOERAET oz, SkiT/D
BREFBERIIORE 2D, KEFERAEMNITELN->TEY, KEF2IFEEETE MMX DNEHBERFEICASTNS, A/
E-KEFWThIKREEFEAERELGZWRETHS, ABTIIINODORKICBETIRFOMEHER, SEROEBHED
HMEEMNEZS, A, KERAKEZISGEVAFELEBRAINELT S, h L ERFFFH>-BAKR CIEERMICKSE
AMERAFIAL, FEFRKOBRREIZDONTEREITI NREICDONTIXIFOSZ2HEBEIT o= 0 ELURAKEE
KIZL, o TN A=k TRLNBHZEREIZOVTHENT 5,
KRETEMENAEGORREZRIBEA DO OBICEHOEREZEERIIELEAEIT>TEY, T, AEPIEDHEDEFE
[CRYBERBICEGNEETIIELRBEINTIVS, Tz, ERBICLIZNBEOTRAIHMBAGINTHEY, HBRICIRE
MEWNEFHSNIRELR RSN TS, INLDOBAIF R PR RIZTOVNTES,

| #2258 (Course Schedule)

1. A4ZVR

A KEDEFEXRR

R KEOHEDIRE
A-KEDRRBTE
INRE DR AR
R-KE-MNREDREESE
K EEREETEIZKB R
KEEEEICLDIHE2
9. RE-LEHENEEE
10. KE-TEFEORNIHEE
1. RNAREOHAFE

12. RNREDHEE

13. RNAREDOEHAGE

14. ROARERZOBRETFE

® NSk wN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

BREMZICHIIERNBIVETHS, KEADEHZXERT S AFITODVTEBELTHRU L, -, BRIDFEEICEHTS
WX -BEXMEIEET DD T HERICH>THNBREELHTHSSMT HL

| ARABEETAM A 3% - 2 (Evaluation)

WRZRER ST DFBA(40%)/ Fe = % DL AR—MMERK(40%)/ 3 3/~ DS M0 E(20%)
TRTCOIEF BN TEELERKEEZERT S,

| T A (Textbooks)

7L

| 22 3k (Readings)

| ZDHt (HP %) (Others(e.gHP))

AEDOIRETAREZEBILIZHT, SMEOHMEABRCHFEEZZRELTHHELUZROLS=O, Ao DEFETHNEDIREER
BT H581E, TENEEFIC, HAHANFEREONIERTSHE,
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RA301

BEIEEREREA
(Colloquium A)

MBEZEEEEHE
EZ#AMth(Spring Others) 1B {I(1 Credit)
BHAREE
PHY7800 (Japanese)

HTHARRIE W1 ~4LBRAIRE

MESFICETIEBERDDHEEDIC, BDSHICHTHEHEHT, BLEVABEICMNICEEBIRET 5, SoITHELDH
RERROALZBEY, 46, iTHRELVLSEGHNE - AT LEFITHTEHILEBRITT S,

WESBFICEILIZRXOTFAOREN, BoVICHANBICELTORKREZEL TGRRLERZRD S,

L AQD)
sE (2)
HsE (3)
aE (4)
55 (5)
& (6)
zE (7)
HsE (8)
:E (9)
& (10)
wEE(11)
A (12)
B (13)
EHE(14)

e I R Sl

— — a oo
w0

BREEELGEIZTODVWTHERBESN-MEZDIERICKSIZ L,

BHODRROABLREIZLDIBEADSIE(100%)
FTRTOFHEAEICB VW TEELEBKEEZERT S,

RESN-HMEZDHETRITRSIL,.

RESN-HMEZDHETRITRSIL,.
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RA352

BEIEEREREA
(Colloquium A)

MEFHEEEIHE

FhEBAfth(Fall Others) 1B (1 Credit)

BAE

(Japanese)

PHY7800

HTHARRIE W1 ~4LBRAIRE

MESFICETIEBERDDHEEDIC, BDSHICHTHEHEHT, BLEVABEICMNICEEBIRET 5, SoITHELDH
RERROALZBEY, 46, iTHRELVLSEGHNE - AT LEFITHTEHILEBRITT S,

WESBFICEILIZRXOTFAOREN, BoVICHANBICELTORKREZEL TGRRLERZRD S,

L AQD)
sE (2)
HsE (3)
aE (4)
55 (5)
& (6)
zE (7)
HsE (8)
:E (9)
& (10)
wEE(11)
A (12)
B (13)
EHE(14)

e I R Sl

— — a oo
w0

BREEELGEIZTODVWTHERBESN-MEZDIERICKSIZ L,

BHODRROABLREIZLDIBEADSIE(100%)
FTRTOFHEAEICB VW TEELEBKEEZERT S,

RESN-MEZDHETRITHIL,.

RESN-HMEZDHETRITRSIL,.
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RB109

FMEa—F/ #B%
(Course Code / Course Title)

RB109.” B &L I5 FAYFER 1
(Advanced Lecture on Organic Chemistry 1)

T—RAYTEAMLE
(Theme / Subtitle)

AHHEITRIESF

Organic Main—Group Element Chemistry

AaEA AHE EKERUISHIDA SHINTARO)
(Instructor)
A " By 1ae g .
(Semester) 2 HA{h(Fall Others) (Credit) 2B {3I(2 Credits)
BMEFNYY =8 BARE
(Course Number) CHE7490 (Language) (Japanese)
&% LB109 B LFL R m1 LB RIRE
(Notes) EhEE BREIXRGuide S EERRRIZHERTH L

| 22 0 B4Z (Course Objectives)

FHANTRIEADOBELRICEDHFBEERT .
BE.ATHRESVIBELGHE - AXLESITFTEIEEBRET D,

| 2Z DM (Course Contents)

AHRAITRIEEVMDILELARRMICEIESL. 45121, 2, 13— 15KETHRIELEYDBECHELE DFEAELSINZRIE
[ZOVWTHERY B, 14- 15ETRIEEYDILZIZDOVTIE, HEMLEEH 14 RARTHITIREIVY Y DIEEIZDL
TERELETERT S,

| #2258 (Course Schedule)

HAESTRICEHER (1)
BRI STRC SR (2)
12T RIEE®()
1-2ktRLEY(2)
13T RLEW(1)
13T RILEMW(2)

=R 4T RIEF R

SR14ETREEY() BEAEEY
SRM14ETREEY (2) EERLILFE
SRM14ETREEY () BELILFE

=B SR RIEFHER

SRR REEY () ERLIEFE
SRS KETRIEEY (2) BERLILEE
SRMARETRIEEVOREDHEDEN

| BEBRN (FE-EE%) O%E (Study Required Outside of Class) |

BRERENAOZBICOVTRHBEITSCTR®EIERT %,

| RUAEETI /5 % - Z % (Evaluation)

EEADSIEG0%)/ F &L R—IFinal Report)(40%)
FTRTODFESRICEWTHTHIRELVE BB ERKEELZERT S,

| THF Rk (Textbooks)

L

| %X (Readings)

1. FRIERREL. 2008, (A HE TRIL). Bt (ISBN:978-4-06-154337-9)
2. HikBAth, 2019, [KRFRBEEAHRLES F2R] HFREELRIG-AHEEER]. ER{EFEA (ISBN:978-
4807908202)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)
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RB142

#MEa—F HEA RB142, /¥t 2k 4 H 2
(Course Code / Course Title) (Advanced Lecture on Physical Chemistry 2)
i KB 1E/E(NAGANO SHUSAKU)
(Instructor)
YT - B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHE7290 (Language) (Japanese)
ikl LB142 ML IG AN Hm2E S REER
(Notes)

| $2® B#Z(Course Objectives)

aO0qMMER REHZE. SO FILEFEREBELE VINTUTZIVL(REEES F. RBLPESF) EEHRDIRIBENETOH

REZFU. MMHRBRLVLEECMBERBRNTERES(ICHTAILEBRITT S,

| 22 DMA (Course Contents)

E0F. &R TIVAFRFOVINITITIVIE. BOBREIERZRE T 570, £ - RAOWMEICH=YIB5H TH A7
HBEEOM B AT LEBETED, ChoERETAHIA T, N FRARKICESLZOEFILETHS, RFEZRTIE,. 204
F-REMPEEBLLT. AFOPENFOEERDIRSEL . TOMBLFE,. B:E - FE. RER. HAE (EITSHaR) FIC

DVVTHRY 5. BRMLER ERFOARBAEDEERZREICEEL CEREZEDDITFETHD,

| #2251 (Course Schedule)

1. SFHEBIEREFT(VINRTITILOB RN EEEEE)
2. DFEHERTmILFEOER
3. Langmuir-Blodgett [E&Z D HEEE
4. BCESHENTIE LTDiEE
5. BRBEER
6. RRMEELFOHEE(H—FEFOE YIRS, UAROEYIRER)
7. SFHEBEEMFE
8. NFHBADE REEETFE
9. BRFILFEOERE
10. HEEMEE S
1. S FOBECEEEELHY FE R
12, SHOE5 BEEE S M H 4
13. EEFREHDOE S FE M HIE
14 MIFEFEEMEE

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

BFRILE. PELRE. SO FERLE. 5O FYRELE. REHZFE, REFEFN\VITIIURELHIEE

&O

PHEEFLTELC

| BAEETAM A 3% - % (Evaluation)

BI&LR—(Final Report)(30%)/E B DX N;EERIRE (5 & X 14 [@) (70%)
TRTCOIEHEHIZBWNTEELERKEEZERT S,

| THF Rk (Textbooks)

BIZHL REICIELTIIU N ERTT B,

| 2% Xk (Readings)

LINARSIITF 14,2013, [ FENEKREH £ 3Rl HREIE
2. Hans—Jurgen Butt, Karlheinz Graf, Michael Kappl. 2016, [REOWIEELILE]. FLE

| Dt (HP %) (Others(e.g HP))

| SEEE A (Notice)
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RB147

FMEa—F/ #B%
(Course Code / Course Title)

RB147. BH#ALEIG R4
(Advanced Lecture on Organic Chemistry 4)

T—X /T EARILVE
(Theme / Subtitle)

BN FRFOERECAL LU

HLES

(Instructor)

/N E—(KONISHI GENICHI)

FH

(Semester)

By

= EA(Fall Semester) (Credit)

2Bi{31(2 Credits)

BB+

(Course Number)

= BARE
CHE7490 = A 8
(Language) (Japanese)

5
(Notes)

LB147 L2 R4LERIZE

@ B 4Z (Course Objectives)

EAFORY. GRCE. AL S
l:’DL\’C%h’7‘—11’5'7"‘4&:5L’Cﬁ¢uﬁbi'§' FHOCEXRRATRIDABTERYALFETY, 46, AMIIRELVLEER
M- AR ILEFITRH B EEBEFICLET,

SAFIRDIVEVRAZEBTHELEARELTT . Tl REMDHAR CHMFHER

| B%

MDMNZ (Course Contents)

BAFORY. A% AR, SN FIEOIVEVRZERLET . TNLICMA T, BEDNTOERLE. REHRDH
RELBALES

| B3

£1i# (Course Schedule)

BEOFOEHEZED
BERFOEHHETD2
mERESDFOERKE
ENFERETOERILE
IVOZTIIGTTZRFYY
fHfEEZ 01
ez 02

BAFOUH AT
FAMEAEZORAT
fME L EE D2
AREATHZ D1
ABREATHZ D2

MBERESD FOREHEND
EEREN FORERED2

| BEBERN (FE-EE%) D%E (Study Required Outside of Class) |

FE-EEIRIBBEELFRA, L BAAWICHET OO ERORBEA T AT I—EFALI-T1 XAy av &R
BELEITOT ERALTUZEN, RIEBETT DT, HERKTIILEL AU FMRZEICLGHEELHYFES,

| FiiE

STA 5 3% - & % (Evaluation)

EEATOEE D /TR N100%)
FTRTCOFEAEICEVTRIPRELVIEEERKEEFERLET,

| T XX (Textbooks)

WHEENE, POF E-(FMRMELTRALES,

B

ik (Readings)

BICHYFEEA

| Dt (HP %) (Others(e.g HP))

SEITRHHP ENHAEE L. BEATRLET,

| X8

ZE1H (Notice)
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RB151

MBa—K ®B% RB151 /45815 % 1
(Course Code / Course Title) (Special Lecture 1)
T—RAYTEAMILE o
(Theme / Subtitle) - SR AR
HLHEH I FA(AIKAWA KOHSUKE)
(Instructor) fn#h K—(KANO TAICHI)
T , Bif e p .
(Semester) HFFHAMth(Spring Others) (Credit) 2B {3I(2 Credits)
BBFNYLG =i BAREE
(Course Number) CHE7090 (Language) (Japanese)
5 LB151 $FAIEER 1 LERIRE
(Notes) EhEE BREIXRGuide S EERRRIZHERTH L

| 22 0 B4Z (Course Objectives)

EMLANOERIZE, LTOIERNEETHS,
DRFRBHOWE, OTRELTH, BILLBT, OLKLEOHE

RBETIE CNLOIERITEELLAS, ENILAYE OB (BEORROLRGHLLE), BEs GBS RRFLRE) 1
DINTH A, BAHAESICE>T, ADOTEAENERICT AL, MEMERLTVRIES, LA ICFRICHERENDLS
[3otzhy, EELTIELL.

i, TR L VLB LS R ESIH BT LE BRI S,

| 2 DME (Course Contents)

ARERILZ-ARAREMAKERILL?
-ARERIEFEOEEREED(F=—F, OVF KLY, TAORET SOV DER)
- ZBREEERDT AU (& BT

LTINSV T —IVE, FEFEE FHERE)
HHEERD=HDBRERBME RIT

AEMAE S R(BRREME, BHS FAME)

HHOVRIEE

| {2251 (Course Schedule)

1. BERILFEOERZIES

F_—FDER

AVFRLUDERK

TORRTSOSUDER

ZERBEA R DT A GE & BRI

SERBEA RO T YA GEE AR
SAFIEES LT —ILE, REFEE TFEARE)
SAFIEES LT —ILE, REFEE TFEARE)
9. FAERDI=-HDOBREEMERS

10. HHEHDOT-HDERLSBHE KRG

1. MR ARERESEME)

12, FRIEAITRF A R(E#ES FhlE)

13. AHIVRILER2(RE-&H)

14, HiETvRILF (EEEESF)

PN o s LN

| BEEMN(FE-BEZ) D% (Study Required Outside of Class)

RERRBNOFEICETHERE, BEISISCTHEETT %,

| BAEETAE 7 3% - B % (Evaluation)

B LR—(Final Report)(40%)/12 Z RN D /T R M30%)/12 2 A DS 1N EE(30%)
TARTOFHESEIZBWTHIERRBRIVEEELERKEEZERT S.

| T Ak (Textbooks)

7L

| 3% X # (Readings)
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RB154

FMEa—F/ #B%
(Course Code / Course Title)

RB154. 45l %&4
(Special Lecture 4)

T—RAYTEAMLE
(Theme / Subtitle)

LEMEDEKRNE. HEME) RV

HLES

(Instructor)

Fl AEKIKKAWA HARUHIKO)

ZFHR
(Semester)

Fh=HA(Fall Semester)

BfT
(Credit)

2Bi{31(2 Credits)

BB+

(Course Number)

CHE7090

=g

(Language)

BAGE

(Japanese)

5
(Notes)

LB154 ¥¥RlE % 4 LERIRE

| 22 0 B4Z (Course Objectives)

tEMENZRE(E. BREREESAFTFAERFIICEIEENS, BR-AEHRVEREFZEELIYRVEHAIZLZEEAE
HhUD2H5, REERTIEL. ILEMEDOUR VM ZEREL . EFIMNTARCEBELTIRALGCEEIZBLTHREMNIZHIETE
BhEHIZDIT5,
iw. TR LYEEERME - AT EEIMTHIEEBEZIZT 5,

| 2 DME (Course Contents)

EEMEDOHRICIT, BRECSIXMEREDRIREZLDILD. ADBRECRREFOEMICHEELGZE
FYEOEBRS. R AERICOVTESL., SOITEREBEZEBLE AT, YRYAZ1 27— av~RET 5. Y
RYVDEZAFIF HARICEVWTEFMGHIEE T SRDBLEVNEZANENDIELERT D,

E5Z25b0hH5. 1t

| #2258 (Course Schedule)

1.

i R I

9.
10.
11.
12.
13.
14.

AobARE I3y EEYMEDIRIEIE?
BIEMBEORERECFEWE D LR

GHS & SDS IZ & IEHIGE
MR EEEN

WER b A fE IR 14 ST AT
iR s L D P E T
ADBE~DEETH

S CE RN =i
RERZFHE
HEEREHE

R IREE R VFHE
FEERETME. YRV

DA —RATE L RV EE

EEHEORHMEETATS

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

FREUMT R IPLR—P) ZEIEL . REREFIBRICI—F AV IETI0 T, BB ITEALTIELLY.

| BAEETAE A 3% - 2% (Evaluation)

H REBE BE(40%)/ 1R 2 /T A M30%) /1R 2 /L 7R— M (30%)
TRTCOFEMEAEICEWNTEERERKEEZERT S,

| TF X (Textbooks)

EMERIET S (FIRIEAIFERLEL) .,

| 2% 3k (Readings)

RENTHEERNT 5.

| Z®D1t (HP %) (Others(e.gHP))

BHOEIE. FEUNT R, IPLR—F) OIRH &, Canvas LMS ZF AT 5,

| SEEEE (Notice)
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RB157

MBa—K ®B% RB157 /4% RIE&7
(Course Code / Course Title) (Special Lecture 7)
T—Y /YT AAVE DFVRATLITE TSRO YL E
(Theme / Subtitle) Physical Chemistry of Optical Functions in Molecular Systems
E Mz
iR Zith % —(YASUIKE TOMOKAZU)
(Instructor)
=3 o ETE, s
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
HEFVYLT EE A
(Course Number) CHE7090 (Language) (Japanese)
el LB157 $FAIER7LERER
(Notes)

| 22 0 B4Z (Course Objectives)

DFVRATLNTY ABBEOERICHIRRGRBEEINOEHRSIERIBMEAH T OVWTER T HIL. 46, AIHRESY
LEEGHNE - AXIVEFIFFTHIEEBERIZTS.

| 2Z DM (Course Contents)

EFRCROLNTVNDENELGAIREHOCKEBERDRBED-HICIE, DFIRATLIZETHAMESNLE D LG RBRE
[TXAGNTVSAEEBETILELNHS. FEBTE, DFEFIVDFESKICLDARIN, METIRILF—BE, ELUE
FREBEHRS-HDEREHRBH I DONTEORREPILELE-FRLMREIT. -, ATAEK, KRBT, AHEFEL
THNARDRFTORFKREMEL, RIRT NERERZHASN T S.

| {2251 (Course Schedule)

1. DFVRTLNTRT SESEAALHAE
SEFFDOIREER

PF DI BB
DFORBEIZHTIEFLFHE
NFEEEREI XL

BT RILF—EE)

BEFHE

BHMTRBE 1 BERE,

9. HEMARAE 2 —FEMMNE=EIEER
10. R@EIZEITBHLRYI ARG

1. REFFEDELSIZLTERENTLNS M,
12 AIHREHR

13. KBEH

14, BEEXT/NAR

© NS g WN

| BERRN (FTE-ETE) DZE (Study Required Outside of Class)

EFEZOERNLGIENDIOTONIEFHT, HEROFELERIDELLFEA.

| ARABEETAM A 3% - 2 (Evaluation)

BI&L7R—(Final Report)(35%)/ 12 EADSMERSY)/IRELOEELYTHay - R—/8—(30%)
FTRTOFHEAEIZBWTCRIERRERLVESELRERKEEZERT S.

| T XX (Textbooks)

L

| 2% 3k (Readings)

1. WETFIEXK. 2012, [EHFERDOT /A AYHE]. 5551t (ISBN:9784061543546)
2. lLIEER. 2014, (AR D], EBEX*t (ISBN:9784061543720)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)

- 203 -



RB159

#MEa—F HEA RB159,/{b 3 :E
(Course Code / Course Title) (Chemical English)
T—Y /YT AAVE . . -
(Theme / Subtitle) Practical English for Young Scientists
E Mz
S A 7 E(MASUDA MARI)
(Instructor)
e . B oy o
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
#MBFoNYLH =8 ZDith
(Course Number) CHE7993 (Language) (Others)
% LB159 (L2 RIEL A RIBLE
(Notes)

| 22 0 B4Z (Course Objectives)

ZLOMFHMIXIIEEBTHIREIN . BFZRICSMUARRREETREK - FARTIEINEZI TS, F-. BRICWVEASLE
AMDOBEELLIZ, FO—/NILGRETHEATNAS A=y —2a a5 ELRA TR LW LTI A o1, EIZ,
ERNRETHO>TELARAEICHEZRYANSIESNEZ TETWSO. BEEDMERRELYNRMICBERF - THE
THERL. HRATEDRENESICDFAILEEIBLLTIRLEED S,

| 2 DME (Course Contents)

EAWICHELGEREEDEECEANGREBEERZLEZRIZDTS, X2 BEOMETIZTODVWTHEFEECIESEL. AETE
BIEZ1>TEEALIIIEETL, BIC. RRADXFIREERL. RREEFIGEDHEEHTSH, TOM RETIE. E
AR EERIAO, S E (2’3 D Curriculum Vitae (CV)DEEH . B cover letter 2 e-mail DEZ AL ELBENT 5,
BIELIZEDOREBOLNILEVBREERICI > T BREOANBR(RROBEF) RUVBEZZEETTIEEHM1H L.

| 22 51E (Course Schedule)

1. BEOEDHAICONT; EFEBELAAREDEL
BPEEFERNY—ILOBN EERE
BFEOEEORE. JS7DEHL EETRADNET N ?
EETHCSHBMNES  AET—FHDIC. BEDRAETE—ILTS
EETHCHBMNES, OERKR
EKETHDBNES  QEHK2
Curriculum Vitae (CV)DEZEF ; D ADEMEXEE N HBAFEIZIES CV
HRHIZD CV BN EHER; OBEHRRK

9. HHIROD CVBNEHER OERRK2
10.  FHEAS e—mail DEZF; HIURFEEFD cover letter, HIXFERFD Rebuttal letter [IZDULNT
1. EREEOOBERRERTIROMEYA.
12. OEHFEREEZ
13. OEFEREE2
14, OBEFEREEI

® N ok wN

| BEBERN (FE-EE%) O%E (Study Required Outside of Class)

RERNBELREDRYE [FHEHEICKECEE T S, JoTREVDERD=ODTFE - BB ILEITLED,

| BAEETAM A % - % (Evaluation)

T I&T R M(Final Test)(10%)/Ex#& L 7R—M(Final Report)(10%)/12 % 0D H FEEEE(50%)/ 1B £ N TEHE X S 1= 3178 (LAR—F) (30%)
BAELHEEEELEREMRUBERNTORRIZE>THET 5,

| TF X (Textbooks)

FICEL, RERIDEGEMIIRETERT D,

| % X#k (Readings)

HIZEL

| ZDHh (HP %) (Others(e.gHP))

| SEBEEE (Notice)
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RB162

MBa—K ®B% RB162. 45RI:&& 10
(Course Code / Course Title) (Special Lecture 10)
Ha5% 1A Z(WADA TOHRU) fth
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) CHE7090 (Language) (Japanese)
i LB162 45 AI:EZ 10L B AIBE
(Notes)

| $2® B#Z(Course Objectives)

RIEVWDFICESRERDRZICAN, TAODEREROEMND, BLEVEEZERT 5. 48, THREBIVESELRH
B AXNEZITTEHIELEEBERICT B,

| 22 DMA (Course Contents)

BRRAGDBTERESA TV OREBMDELEADIHE, BOoVITENITEELEZSFHFIZONT, HOEREEET 5.

| 2251 (Course Schedule)

1. B RE AUTROBHEEEMLLEALT FORR

B REB HETROBYMEEN LIRS FORH

B REB HETROBYMEEN LIRS FORH

L BEXR:EHAOEEGA

Fi BX:EBIOEEGA

F BB EHNPELEROCEF LR EEEEL BB

F BB EHPELEROCEF LR EEEEL MBI

F ER S AR ET L ETEE LM R B R

9. FE BN ZRREEFELFHEEZHELTERT I EREBEADOIBEEERT
10. HE #h RREEFCLEFHEXRELTERT ISR EBHAONLBEEERAE
. E#E 2% 1 RELEADFOERESSILIDHE

12 E# 2F: 7 HRELEARTFOERESS LM

13. B —BLEICBT3EERSV/NVEDOFA

14, B — 8 DEICBTEEERIV/INVEDOFIA

PN o s wN

| BERRN (FTE-EETZE) DZE (Study Required Outside of Class)

FEEIBEELEL,

| ARABEETAM A 3% - 2 (Evaluation)

BEADSMEG%/EEBDLAR—H(6 [E)(50%)
FTRTCOFEAEICEWTRIHRBIVIEELERKELZERT S,

| T XX (Textbooks)

REITECTITIUNERERAFT S,

| S% X ik (Readings)

BEDLZITHENT D,

| £t (HP %) (Others(e.gHP))

KHEDOBARIZDOVNTIXL, #BEBFRT S,
RE-TIVUNER-BEEM (XD —URE) EAWS,

| ;EEEE (Notice)
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RB165

#MEa—F HEA RB165.~ AL 2 I AR 2
(Course Code / Course Title) (Advanced Lecture on Inorganic Chemistry 2)
TS B2 EEAOERILEET XX —ZHRRS
eme / Subtitle)
AaEA fIE F(WADA TOHRU)
(Instructor)
e . ET ey o
(Semester) & HA(Spring Semester) (G 2B {5(2 Credits)
HEFoIST £% EES:
(Course Number) CHE7590 (Language) (Japanese)
('\1]?%% LB165 ML FIC 2L B RIIRE
otes)

| 22 0 B4Z (Course Objectives)

THRAX—ZHETREL- BB BBARMBEOTRERAT H_LI-5Y, 2RBADBBERIGIEET FERERDD,
SHIREEOHIRIZR AT CEDTERVBSILEORRICOVTE S, BRILEHEOGEN S, SBAOBIL R
EHEARITDEST B,

fd. MRRELY LB RS- REILESITH AR BIEICT 5,

| 2 DME (Course Contents)

BEFBHELLEIMBERIEDHARICERNT CEOHRLGVETICFOERLBERE, RROREFEIIOVTERT
% CNERFAT, IRNF—ERZEAL-ERSBREAROMERICICOVNVTERT S, ERILFAEICIYBALAIZEN
BEAEDBRILETEH OCMEEMEOFTMEISOVT, HARDEEFINSER, BHEDHEEITEY, —2OHEFE VI RIZDLY
THBNAL, TOMENEREESR, TLTRBICHREASNEEROBENEDLIICLTHAEZRE T AN ERBL T

| 22 51E (Course Schedule)

1. BRILZOERE
BERLZOERE2
BESLZOERS
BRILZDAESE
BESREZFEDOBRIESE2
KholFREHRETSEEHIA
KhoBFREHRET I EHAK2
B REETT T A

9. EAZRETETTTHAmE2

10. ZERIERFBIFIIARILF—DESE
1. ZBRLERBFIRLF—OERR2
12. KZFETOrV OB

13. kKFRETOM DEEEHR2

14. F&8H

® N ok wN

| BEBERN (FE-EE%) O%E (Study Required Outside of Class)

BERIEFEZSEHICE, MBEZOBRNZFEHBIDETHS, EFLELNSEHRT I, &8, 2HTRALRBAEDOE
BE9HIL,

| AUAEET(Mi /5% - B % (Evaluation)

o FE BE [ (50%)/ 48 34 [B] D L 7R— I (50%)
LR—hTlE. ERIEFRIE L. SRS - RIGEDOBERMEERCEML TSI EERD S,

| 7F Ak (Textbooks)

AO) =2 HERIFEMN T B,

| 22 3k (Readings)

1. BIE, mASE, EMERE, EIER. 2009, [EXtF (BRI FO—X) ], #1F (ISBN:4621081128)
2. KIRF4T, FMMHE, MEAEET]. 2000, [R—IvoERIEZ]. £ FE A (ISBN:4759808612)
3. AR B, AF R, iRERE. 2013 . [EREADEFBEELESILFE]. =H iR (ISBN:4782706995)

| Dt (HP %) (Others(e.gHP))

WREELRV)—VEHRAT S,
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RB166

#MEa—F HEA RB166.” 7 #T{L 25 AR 2
(Course Code / Course Title) (Advanced Lecture on Analytical Chemistry 2)
il Hi% EX(TABUCHI MARI)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
BBFoNYLY £ AAE
(Course Number) CHE7590 (Language) (Japanese)
i LB166 SHT LR Al h2 L A RBE
(Notes)

| $2® B#Z(Course Objectives)

EMERIICETET 2D MBINEEERTIT 5.
SHIZEYEEEB O F OEHAIZEZR S
BE, AHRELYIERELHE - AXLESITHTEHIEEBZICT S,

| 22 DAA (Course Contents)

AMERITICENTIE, Bonf-T—2DOMAMBITAEELL S, ECTEI1RNGEIEIE, T—20HEHIEITAICD
WTEBRFT 5. —iRIC, BYBRLERICE 2T 2 EAIZRHITHILDELTRETSND, LAL, EMEBIENTIEA
VARTEFREAEVDLT —EHADLENMEELE N 0T, BIF TIRBED/NTANVILBEEERE, RFTIE/2/354
FIVIREIZDVNTEHES, MEMBEEERICHEESLALERERO S BAREEZ/HSTHL) . F10EMNSFE 13E [FHL
FOREEREZDRE, RRITOVNTES,

| {22 51E (Course Schedule)

1. EERTE

EEERE2

HEERES

IRELIEHERRA

SHAIEDRE

SHTAEDRE2

I ING AN ORRTE
JUINSANYIRRTE2

9. JUINTARYYIIRTES

10. MIFORIEZE ; BFATEOHEH
1. FFORIEZE2 ; PMFAEEDOIESE
12. HFORIEES ; FEHATFAEEDORE
13. MIFDAIEZES ; BFAEDER
14. FEH(FRP)

© NS gk WN

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

REOXBMDFENLETHD,
£E, REDRENH D
BEHOREMEDEELREET2ITITE,

| BAEETAM A % - % (Evaluation)

B [E 0 L7R—~100%)
BMEEZES LTSN, TR TOEESEICEOV TR RE LV S ELERKELZERLES,

| TF X (Textbooks)

7L

| % X#k (Readings)

1. RA. Meyers. 2011. ENCYCLOPEDIA OF ANALYTICAL CHEMISTRY. WILEY (ISBN:978-0470973332)
2. PHILIP. W. KUCHEL, GREGORY. B. RASTON. 1998. THEORY AND PROBLEM OF BIOCHEMISTRY. McGRAW-Hill

| Z 0t (HP %) (Others(e.g HP))

BREBEEERFSL TS,
—WAZA2(6~9. 11~13 A]) (FRFRE—H—DBERIZIYERIZGEEIZENHID T HIF LV REHRTHL,

| SEBEEE (Notice)
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RB301

BEIEEREREA
(Colloquium A)

=R LEETHE

& F #A1th(Spring Others) 1B (1 Credit)
BHAREE

CHE7980 (Japanese)

HTHARRIE W1 ~4LBRAIRE

HAIARICEET HXMEETL, BRELENBERRTHILICEY, EMETIRRSFICEVTRENTERETESEM
MFEBR/TDHEEDI. TLELT—Yavkeh, BEENEFICTDOTS,

BRI RICBEL-XBERETT 5. BRELIABREFLD, IRECLISHRESNIWMABDORMICKERETI TORKRER
IZ, AREEZELGOVITHREAVN—EERGEREITI.

BHEE1
iHzE2
HEES
ihEa
EREES
EE A
HE7
EREES
L EAe)
HzE10
EREE11
HzE12
ERE13
tHE14

® N kN~

__.__._
Hwdhd=0oo©

WABDT—VELDXM, BLVEET DIXBMERZT 9. RREIL, LU1AOPPT DIERLGEDRRDEMREITS.

*|

MEEEROREHIHIMICED, TRTOFHEAZICENTEERERKEEZERT 5H(100%)

MEREEHELOREICEYBLRE.

MEREEHELOREICEYBLRE.
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RB302

BEIEEREREA
(Colloquium A)

=R LEETHE

& F #A1th(Spring Others) 1B (1 Credit)
BHAREE

CHE7980 (Japanese)

THEE B ~iAREE
s BRENETE

HAIARICEET HXMEETL, BRELENBERRTHILICEY, EMETIRRSFICEVTRENTERETESEM
MFEBR/TDHEEDI. TLELT—Yavkeh, BEENEFICTDOTS,

BRI RICBEL-XBERETT 5. BRELIABREFLD, IRECLISHRESNIWMABDORMICKERETI TORKRER
IZ, AREEZELGOVITHREAVN—EERGEREITI.

BHEE1
iHzE2
HEES
ihEa
EREES
EE A
HE7
EREES
L EAe)
HzE10
EREE11
HzE12
ERE13
tHE14

® N kN~

O
Hwdhd=0oo©

WABDT—VELDXM, BLVEET DIXBMERZT 9. RREIL, LU1AOPPT DIERLGEDRRDEMREITS.

*|

MEEEROREHIHIMICED, TRTOIFEAZICENTEEZERKEEZERT 5H(100%)

MEREEHELOREICEYBLRE.

MEREEHELOREICEYBLRE.
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RB303

BEIEEREREA
(Colloquium A)

=R LEETHE

EZ#AMth(Spring Others) 1B {I(1 Credit)
BHAREE

CHE7980 (Japanese)

HTHARRIE W1 ~4LBRAIRE

HAIARICEET HXMEETL, BRELENBERRTHILICEY, EMETIRRSFICEVTRENTERETESEM
MFEBR/TDHEEDI. TLELT—Yavkeh, BEENEFICTDOTS,

BRI RICBEL-XBERETT 5. BRELIABREFLD, IRECLISHRESNIWMABDORMICKERETI TORKRER
IZ, AREEZELGOVITHREAVN—EERGEREITI.

BHEE1
iHzE2
HEES
ihEa
EREES
EE A
HE7
EREES
L EAe)
HzE10
EREE11
HzE12
ERE13
tHE14

® N kN~

__.__._
Hwdhd=0oo©

WADT —VERDHXER, BEVEET OXMERFTT Do RREL, LU2AP PPT DERMBEDERDERET,

*|

MEEEROREHIHIMICED, TRTOFHEAZICENTEERERKEEZERT 5H(100%)

MEREEHELOREICEYBLRE.

MEREEHELOREICEYBLRE.
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RB356

BEIEEREREA
(Colloquium A)

L2EREEREHE

FhEBAfth(Fall Others) 1B (1 Credit)

AR

(Japanese)

CHE7980

HTHARRIE W1 ~4LBRAIRE

HAIARICEET HXMEETL, BRELENBERRTHILICEY, EMETIRRSFICEVTRENTERETESEM
MFEBR/TDHEEDI. TLELT—Yavkeh, BEENEFICTDOTS,

BRI RICBEL-XBERETT 5. BRELIABREFLD, IRECLISHRESNIWMABDORMICKERETI TORKRER
IZ, AREEZELGOVITHREAVN—EERGEREITI.

BHEE1
iHzE2
HEES
ihEa
EREES
EE A
HE7
EREES
L EAe)
HzE10
EREE11
HzE12
ERE13
tHE14

® N kN~

__.__._
Hwdhd=0oo©

WADT —VERDHXER, BEVEET OXMERFTT Do RREL, LU2AP PPT DERMBEDERDERET,

*|

MEEEROREHIHIMICED, TRTOFHEAZICENTEERERKEEZERT 5H(100%)

MEREEHELOREICEYBLRE.

MEREEHELOREICEYBLRE.
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RB357

BEIE R EHmEB
(Colloquium B)

L2EREEREHE

FhEBAfth(Fall Others) 1B (1 Credit)

AR

(Japanese)

CHE7980

THEE B ~iAREE
s BRENETE

HAIARICEET HXMEETL, BRELENBERRTHILICEY, EMETIRRSFICEVTRENTERETESEM
MFEBR/TDHEEDI. TLELT—Yavkeh, BEENEFICTDOTS,

BRI RICBEL-XBERETT 5. BRELIABREFLD, IRECLISHRESNIWMABDORMICKERETI TORKRER
IZ, AREEZELGOVITHREAVN—EERGEREITI.

BHEE1
iHzE2
HEES
ihEa
EREES
EE A
HE7
EREES
L EAe)
HzE10
EREE11
HzE12
ERE13
tHE14

® N kN~

O
Hwdhd=0oo©

WABDT—VELDXM, BLVEET DIXBMERZT 9. RREIL, LU1AOPPT DIERLGEDRRDEMREITS.

*|

MEEEROREHIHIMICED, TRTOIFEAZICENTEEZERKEEZERT 5H(100%)

MEREEHELOREICEYBLRE.

MEREEHELOREICEYBLRE.
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RC139

#MEa—K FB% RC139./ fEHT 455/ 1
(Course Code / Course Title) (Special Lecture on Math. Analysis 1)
il WA #=(YAMADA YUJD)
(Instructor)
BT . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =ia BHAR:E
(Course Number) MAT7390 (Language) (Japanese)
= CA204 BRI HETR2, LO100 RRATESIE 1 LA IR
(Notes)

| $2® B#Z(Course Objectives)

1:2:-3 ETOWMAED - BITFETHOREEREFTA . SUEBALRE~NDERERDD,
HE.IHFERIVLSELHNHE - ATV ESICHFEHIELBIRICT S,

| 22 DMA (Course Contents)

BAY. FICRBET LI FROEEIRESIEALY,
RUNERBEFESTHSEDRFTI—IVIRLIRMSENTNDA, FEHT pn+alen(p & q [FEWIR)D FIZERED
RYNFETHENGERASNI=DIL 19 I D ETHY . TDFEBAIZIL Dirichlet #i¥. L G E BT AALGNS,

| {2251 (Course Schedule)

1. R FEHNERESHDIIHEDLALNA

2. Euclid DERE.

Euclid Bigi = HIEA T 7 LBl > —E N fEEE. 4nt1 BOFRE. 4n+3 BOFRH.

EHI O LIBR (THEE)

Dirichket #&#8(1). INZREH, Abel DIRENE TS %

Dirichket #R#k(2). UNZREH. Abel DIRENZ s %

RE#EREER . Dirichlet k% IE Bl tE

Landau DEE, T—2BE#M s=1 D 1 fLOEEELDIE

BHERABEHK

F—2BEHD Euler TR, BT DWLWTMEIREE - TORI I - B DB DML EL - Lagrange D EHE
9. FBEITOVWTQERIS S -ERNTE -FIRE- -HOEE - MEAHOE L

10. EEIZTDULTER)AR Abel BEDOEAKRTFTIR - BEDIEIE

11. BB Abel BEDIEIEEE. 151EDE M. Dirichlet 151Z

12. EIR Abel HOEXRTE, IBIEHLORENMHIMNDIE

13. LB s=1 TORSE L BB - REIRDEE

14. LE#O s=1 DAY TOIRSDELGED. BEMREEEDITH

®© NS s w

| RERFEN (FE-EEZE) DFE (Study Required Outside of Class)

SHEFTHRIMFLEMONSEEBL TS L, THEBLTHECENEFZLL . BRERDEB IV T THLEHNEFT
GR

| ARAEETAM A 5% - 2 # (Evaluation)

HEEE D LA —N(50%)/ H 7 B FE (50%)
SFETOBRBTERY Ko TVEVFLONELOT, HEL THBEMC EEBRT 5. TR COFEAHIZHL CHIMR
BEULBELERKELERT 5,

| TF X (Textbooks)

L

| 22 3k (Readings)

1. INBF 2 1087, [#5RFFE . E£EE (ISBN:978-4785310509)

2. KA #2030, [)—<>F B AM]. HMfTEEmit ISBN:978-4-297-11452-7)
3.D.B. ¥y —_ 1990, [#hERAFA), HIEENE (ISBN:978-4000055154)

4.JP. £—)L. 2017, [#EmeER]. &R EE (ISBN:978-4007305924)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)
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RC142

#MEa—K FB% RC142./ fEHT 454

(Course Code / Course Title) (Special Lecture on Math. Analysis 4)
E s
il WA #=(YAMADA YUJD)
(Instructor)
=y o e, o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
BBFoNYLY =5 AAE
(Course Number) MAT7390 (Language) (Japanese)
— CA205 BRIFEHEIE. LO1A2 BEITEITRA LA TR

| $2® B#Z(Course Objectives)

EEMEREHROFELTT—IEEZEV. TNODOEF LM CEBEELTNS, ICHABIELT Yang-Baxter SEEX DfiE%E
HIfD, SOICABEFBEE(CHET5EBRITHET DM EZZES BH. ATHFERLVEEELHNE - AXILES(ICFITHIE
#B1ZIZT 5,

| 22 DAA (Course Contents)

FEEBITEAROFHELTT—2BEREZV. TNOoDER R CERRIEEE S, IGABIELT Yang-Baxter ARRXDFE
15, SOICABRFEYICE T HERITIIEZDAIREETF A,

| {2251 (Course Schedule)

1.

© Nk

-
©

11.
12.
13.
14.

2 RITD Ising #E! FRERFE . Boltzmann DREE, S ECBIEL. 11T Ising MR BT
RIOMVERDTUVILENRENIMVER EOBEREOEE
ROMVERO TV ILE ($RE)

Yang-Baxter 2 =X(YBE)

YBE D f#(1):McGuire-Yang D, #HASEEE . unitary BR

YBE Df#(2):6 THEEEE A unitary BRI . McGuire-Yang DfEEDER R
6 TERIER N YBE DETHHEDEEHA

6 TERE L2 R TR FEEOEBTIHOAMERME. REAL-RIR
EBRTIOABEORIIRRERTAVEREORE., T—2EABDEE.
IEBIME ., ZERFHAM

T—REYDOER M LEF A OEREF RO, Cauchy DEE, Liouville DFEEE,
Rouche D EE, T—2EAHMDEBRERDOBEN

T—AEHOMmEAK

YBE DfE(3): T—HBI%AZ (8 TRRIERY)

8 THRREIH YBE DB THDH LML)

8 THRREH YBE DB THDHLEMEEHA(2)

| LB (FE-EE%) O%E (Study Required Outside of Class) |

BIZBL, HEZERT S,

| BAEETAM A 3% - % (Evaluation) |

BRERITHETREY SEHME O LR—H50%)/ H 7 AEEE(50%)
SETOEETIIIMYEO>TOEWNHLONBLGOT, HELTHREFCCEEERT S, TATOFES EITH L THTHR
BEYLBELERKEEERT D,

| T XX (Textbooks) |

7L

| 2% 3k (Readings) |

oG WN =

. R.J.Baxter. 2008. Exactly Solved Models in Statistical Mechanics. Dover Publications ISBN:978-0486462714)
LR ER, 2012, [EFEEYL - NORE—ARER], AEHIR (SBN:978-4621064672)

LR EX 1998, [7RA/SvIEFi15]. BREIE (ISBN:978-4000106542)

. BA B—.2003. [EFAIESRAM] /T X%t (ISBN:978-4781999524)

. ¥R . 2020, [FEMBE%GR). RERKFHRE (ISBN:978-4130613149)

. D. Mumford. 2010. 7ata Lectures on Theta I Birkhauser Boston (ISBN:978-0817645724)

[ ZD#(HP %) (Others(e.gHP)) |

| SEEHE (Notice) |
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RC143

FMEa—F/ #B%
(Course Code / Course Title)

RC143/ fZHT 455/ 5
(Special Lecture on Math. Analysis 5)

T—X /T EARILVE
(Theme / Subtitle)

VYR BRIZH T DIEEDO MR L%

R B =ER(KAKEI SABUROU)
(Instructor)
F ‘.- + L. .
(Se:ffter) & HA(Spring Semester) (C%:;t) 2B {5(2 Credits)
BEFNYY =iz AAE
(Course Number) MAT7390 (Language) (Japanese)
e CA207 BATEEEIAS. LO1AS IR IS LA TR
otes)

@ B4E (Course Objectives)

HEMEZIZHTHVINERE, [EHOMRIALZIZHROISRRT 5, 66, MHARBIVLEELGHHE - AFILEH(C
F1752EEBRIZT B,

| 3%

MM ZA (Course Contents)

HEMBER(CEFTEVINFERE, REANZE, T53AIYE, EREAFLEDSFIFLHEOYEETILELTENS,
ETNOICETLHBEOMELLT, YVIMN ERENSRELGRERNHUFHICHRIBSIWEASE(Fohd, KEKTIE, SO
BB THRERNLGTAT 7, LBRHBEHMGHIZBLTRNT 5. HICTEHOMRIALZIEFIENSFEERDISERE
5&&)60

| 3%

£1E (Course Schedule)

1.

2.

3.

KEAEXO): WFIREMNLREMS FREXA~
Wave equation (1): From lattice vibration to PDE

RBARERKQ: RBAEXDOMHE

Wave equation (2): Solutions of wave equation
FERRIZIREN(1): #RAZIREN S IEHRTS IR ED

Nonlinear waves(1): Linear wave and nonlinear wave
JE#RHZ K BN(2): Burgers HFEZ & Cole—Hopf Z
Nonlinear waves(2): Burgers equation and Cole—Hopf transformation
JELE T R EN(3): Korteweg—de Vries (KdV) HIER
Nonlinear waves(3): Korteweg—de Vries (KdV) equation
KdvV AKX T HEHDAEN)

Hirota's blinear method for KdV equation(1)

Kdv AFREXITx I SEEDAHEQ)

Hirota's blinear method for KdV equation(2)

Kdv AFEKITx I SIEEDHE®S)

Hirota's blinear method for KdV equation(3)
FHRARRIIETHEHOAEN)

Hirota's blinear method for Toda equation(1)
FHRAERRITHTHEHDAEQ?)

Hirota's blinear method for Toda equation(2)
FHARRIIHTHLEEHDAES)

Hirota's blinear method for Toda equation(3)

Backlund LT R1ERRA)

Backlund transformations and vertex operators (1)

Backlund Z#LTE R {EHFR(2)

Backlund transformations and vertex operators (2)

Backlund ZE#iLTE R 1ERAREQ)

Backlund transformations and vertex operators (3)

| FERRN (FTE-EEZE) DFE (Study Required Outside of Class)

EMOAEXDOEH DL (CA225  MHARBRKXAM TIRSEEDELED) [COVWTIXEBLTNAIENEELLY,

| RRABETAM 75 3% - 2% (Evaluation)

12 N E (20%),/ B E DL R—h(60%)

FTRTOFE S ZICENTHIHARE S VLS EERKEEERT B,

| 7% Ak (Textbooks)

- 217 -




. GHEBE. 2013, [E#EEICED YU O#IE]., SiKERE (SBN:4007300798)
C SEREZ-HERER-FERE. 2016, (VUL OEIE], FHKENE (ISBN:400730369X)
. =S A, 2001, [AIFESROER: FHREFEZOMME]. £ HH (ISBN:4320016696)

w N =
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RC147

#MEa—F HEA RC147./ REZHH1
(Course Code / Course Title) (Special Lecture on Algebra 1)
i FRJII EE&KUMAKAWA NAOKI)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
BBFoNYLY £ AAE
(Course Number) MAT7190 (Language) (Japanese)
= CAIOT {LHIFEIR 1, LO14T AR LAFIRE
(Notes)

| $2® B#Z(Course Objectives)

COEETIE, BROF OHMNIEEE, FICERBITOBRMNSRENTIKEZERET S .M. AHRESIYL S ERH-

AXIWEEIZMFITEIEFBEIZTS.

| 22 DMA (Course Contents)

MERYGRICB T2 OB ZDEREERIIERIBTZTHS. LALEAL, TNOoDFRICIILIELIEHFZOELD
PEOMBETLELTS. FIAE V—<oOE—2EH ToVEREORHREROERIBROERELLEV DO KXERTHE,
NODEBOEARMEEZY, FHARROEEZL, T1VILOEMRBERGEDEE~DIARAESZS.

| {2251 (Course Schedule)

1. EAREKROHEEENETA)ILDOEMRITEE
2. EXEYHROES

3. TAVILBREDUNK - FEK

4. BEBELTOTAUILHRE
5. Ho~<E%% (1)

6. HU<EH @

7. Ho<E% 3

8. J—<rmE—52@E%H% (1)

9. Y—<rDE—%E% (2

10. Y—=rDE—%28% 3)

1. YaEDT—A2BEE (1)

12. YaEDT—42BE% (2)

13. EAEKOHEEEA DA
14. TA4VILQOEMBREEED LA

| BEREMN (FE-BEZ) D% (Study Required Outside of Class)

BREMROERNBO——DBEIEEF) ZHIEERETS.
F, BEICIELTERICHIET IARICOVNTEETHL

| BRABETAM 75 3% - 2% (Evaluation)

LR—h (38 % [E) (100%)
FTARTOFEAEIENTEEGERKELZERT 5.

| TF X (Textbooks)

HCEL

| & 3k (Readings)

REDICHERENT D

| Z®D1t (HP %) (Others(e.gHP))

| ;EEEE (Notice)

- 219 -



RC152

#MEa—K FB% RC152./ X 4%5:R6
(Course Code / Course Title) (Special Lecture on Algebra 6)
BLER SEH FO#BI(SHIBATA KAZUKI)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) MAT7190 (Language) (Japanese)
i CA196 FEIEEMO6. L0152 RS RoLAFIEE
(Notes)

| $2® B#Z(Course Objectives)

AHRIRRDEREF S, AHRIRDOE R CEANMEZZALR, BAGIELTREMNSRERERL, THRIRROKYRVOER
ZREY. 46, MRELVLSEGHE - AFXILERITHITHILEBERICT S,

| 22 DMA (Course Contents)

IR IESHRACHEEREEDMTFLRVEDLYADHY, SEFETICZLOMRHERLNHY, SHERAITHEINT
WANHTHD, REETIE, ATF THRIRICEHIIERCPHEZRRL LR RF¥ THESERMMATRIRZT —<EL, B
BB ZE W OMEF TIRDMEEICOVWTHERY 5.

| {2251 (Course Schedule)

RDEE

MEOERETDHE

MBEOERLER

MEDRS, T£5

mEOTUVIVE
ATTIVDERATTIL~DEQ)
ATTIVDERATTILA~DHE?2)
Fr—A—IREER SR
RETERERBATEMEE

Stanley-Reisner IRDEZH LUZDMHEN)
Stanley-Reisner MDD EHZH KUV FDHE(2)
FHEHBEOEELIVZTOMEN)
EHEHREOEEBIVZTOMEQ)

FEH

| BEREMN (FE-BEZ) D% (Study Required Outside of Class)

SRR 1212 T HAHEET D, 4512, AOMVERIZDONTIZEEAEL, SFEEOH T, T, TREZ 1IXBBFTH
BTENEFELLY,

| BRABETAM 75 3% - 2% (Evaluation)

LR—(40% X 2)(80%)/ 1% 2 & (20%)
FTRTCODFHEAEICBVTHTHRELVE S ERERKEEZERT S,

| T XX (Textbooks)

7L

| & 3k (Readings)

FEEORTRENT B,

| Z®D1t (HP %) (Others(e.gHP))

| EEEE (Notice)
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RC156

#MEa—K FB% RC156. £ a2 4%/ 2
(Course Code / Course Title) (Special Lecture on Geometry 2)
i 21U {#—(SUGIYAMA KENICHI)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) MAT7290 (Language) (Japanese)
ikl CA198 MM 2. L0156 MAPHH2LLFIEE
(Notes)

| $2® B#Z(Course Objectives)

COEETIIHEOAREEZHEHRLE. 3RTA—IVVYFRADE/NHEERFEER, FHHE—FEOHMEICOVNTHESRT

2,08 IHRBIYLBELGHB - AXLESIMHTEHILEBRICT S,

| 22 DMA (Course Contents)

SRFTA—V)YREMIZH 1+ 5B/ E P FE M E—TF O/E X Weierstrass D RIFTFEEEL THERBHEFTHETRERIC
HdD. REETIE. B/NHECTFHME—F(ICEATIERNGEEEMELI-OL, 3RTI—V)YFERICEHAFENTF

)RR —E OHEIFERE ISR DELD Hopf LR D FBEA R TIME—FEDOHMEICOVTHERY 5.

| {2251 (Course Schedule)

HEDAEE (B1EARAERAEE2EAEK)
FEREEZDEA

Weierstrass DR IFEE
FAMBBRET M E—F O/E
745> R 38 (Euler-Lagrange ATE=)
Noether @ & ¥ (5 #R %)
EHEBRARXEZTDIGHA

Hopf 5>

Hopf M E I8

Gauss—Codazzi FF2=
Gauss—Codazzi HFEX DIt
1B/ S TR —EO/E1
B/NEEE T E—EO/E2
EOD DI

| BEREMN (FE-BEZ) D% (Study Required Outside of Class)

B SERERROBERNBIHERES 5.

| ARABEETAM A 3% - 2 (Evaluation)

LR—ERER(Report Exam)(60%)/ £ #& L 7#k— I (Final Report)(40%)
FTARTCOFEAEICEOTRIHRRELVIS BT ERKEFEKRT S,

| T XX (Textbooks)

L

| & ik (Readings)

| Dt (HP %) (Others(e.g HP))

| SEEE A (Notice)
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RC167

RC167./ #fi &t B 455m 1
(Special Lecture on Statistics 1)

BT FtE Bt AR YR

RIEF {&FE(MANO SHUHEID)

HZHA(Spring Semester) 2Bi{i7(2 Credits)

BAGE

(Japanese)

MAT7590

CA219 #EETEMSEEE5R 1. LC167 ST RURIS R 1 L O RIS

EFHREICEITOMEEE, BERYEDISAICOVTES.

EFHEOERERHL, CAKEOHRANSEHIKENTILIYXLERBNT 5. ME-1FHR- M OMEEATHIRELAL.

Introduction

Classical Computation 1: Turing Machines

Classical Computation 2: Circuits

Classical Computation 3: Computational Complexity
Quantum Computation 1: Quantum Probability

Quantum Computation 2: Quantum Circuits

Quantum Computation 3: Basic Algorithms

Abelian Groups and Algorithms 1: Period Finding

Abelian Groups and Algorithms 2: Phase Estimation

Abelian Groups and Algorithms 3: Hidden Subgroup Problem
Algorithm for Sampling 1: Backgrounds

Algorithm for Sampling 2: Quantum Supermacy Demonstration
Algorithm for Sampling 3: Stochastic Computation
Summary

® NS0k~

O
w00

5. Reviewal.

LR— R E&(Report Exam)(70%)/ F f§]L-7R—(30%)

o
pai

1. Bernhardt. 2019. Quantum Computing for Everyone. MIT Press (ISBN:9780262539531)
2. Kitaev, et al.. 2002. Classical and Quantum Computation. American Mathematical Society (ISBN:9780821832295)
3. Scherer. 2019. Mathematics of Quantum Computing. Springer ISBN:9783030123574)
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RC191

#MBa—F B4 RC191 /EHRFI 2 4ER 1
(Course Code / Course Title) (Special Lecture on Information Science 1)
HEEL =
&R HE{T(SHINOHARA NAOYUKI)
(Instructor)
e . B o
(Semester) HEZHA(Spring Semester) (Credit) 2 Bi{51(2 Credits)
HMBFNNULY =ia BHAR:E
(Course Number) MAT7490 (Language) (Japanese)
e CA179 [E$RFIFEEM 1. LC191 BB P HR1LERBE
(Notes) TEHRRE BERIEILUTOESY[]

| $2® B#Z(Course Objectives)

TLS THLEASNS RSA IS DEMERHHILET, VFEBESDOREMFTMIOVTESR 486, iTHREIVLEER

M- AXIESIFHEHIEEBEITT S,

| 22 DMA (Course Contents)

TLS [FA22—Fvb L CEHREZBHILLTERETHTOMILTHY, TOPTIELARBES ORERIFSLENFERASN
TW%, BICAREIESTIE RERSROHEORENZRLEOERLT D RAABSNLEFERSNTEY, SEOH

RHRENZEDREMFTMOMEZLZTOTLS.

ZDEETIE, RSA BEDERELEHFICAHATIEBO7ILTYXLEZHBAT S, SHIZThZEI—YINTHAHKNIES R
F s Risa/Asir ZEVWTEELTHIERERZTOH, FILTYVXLIZEF>=FEHEIZLST, ThoDT7IILIAY X LOTIETEEIC

DWTEET S,

| {22 51E (Course Schedule)

1. [ZL®IZ(TLS, RSA EEE)

#ME YTk ASIR DfELE

RSA BEEDMFROAER GHLEILHES)
ISRRTRRADER

TRYSSIUSEE

Fermat test, Carmichael #{, B EHEDEEtb
Miller—Rabin test

FHGIALERER

9. TRUSELUEE

10. RSA BEBEDXEE (L3R Euclid HRRE)

1. BHEEOREHET7ILT)XL (Fermat k)
12. EEFHBEOREHSET7ILIVR L (ZREER)
13. ZREmEDHRE

14. FOy3305ES

© NS gk WN

| BEEMN (FE-EE%) DFE (Study Required Outside of Class)

EERENOZBICEYTHETRE LDEICHCTHRETRT 5.

| AAEETMi /% - B4 (Evaluation)

HFEEEFE(49%)/ 8 [E D /L R—R(51%)
TRTCOFEMEAEICEWNTEERERKEEZERT S,

| T XX (Textbooks)

AL,

| 2% 3k (Readings)

| Dt (HP %) (Others(e.g HP))

| EEEE (Notice)
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RC193

#MEa—F HEA RC193/fEHF 4553
(Course Code / Course Title) (Special Lecture on Information Science 3)
T—Y /YT AAVE

(Theme / Subtitle) RBEFTFAF
BSEE TH HE(YASUDA MASAYA)
(Instructor)

=y N T, o

(Semester) Fh=HA(Fall Semester) (Credit) 2B {3I(2 Credits)

HBFUT =B ZES

(Course Number) MAT7490 (Language) (Japanese)

e CAIB1  {EHMLHHI. L0103 HHHLBHILAREE

| 22 0 B4Z (Course Objectives)

RBEFAFZDOAMIE TEEARDERN TS BAMICE, SHEZTEICE T OMBOEMAFMA A—DERFEHEHRIT,

AHRIRMER MBS HRAOMICEEE T HLEBEY. 612, RBBMRROBERZZSERIC, ZO—FIELTHEMBIROR
BEZEBTLLERRMICERT. -, ARALOBAMKONEHEFEZENTS. 48, MHREIYIEELRA
B AXWNEFITTITEHILEERRICTS.

ZZEDMAZA (Course Contents)

RD4DDEIZHTT, RURMAFIOBEARS EARK LOEABBROUBEHEERENTS:
1 E S FEETERGE)

2 B AHRIRER B S HRAR (5 [E)

3 F R MREREAE MR (4 [E])

4 ARAELOEMEROCEETE (2 @)

| 122 51E (Course Schedule)

1.

© NSO kW

9.
10.
11.
12.
13.
14.

SETEETEMEN) I ERESNETH

ST E S TERAREQ): Wt RIS LR

ST mEmETHEEMREG) SR FTEOBRKR LB B R S5t
AHRERMBERIRN): R —IREERATTILHE
AHRIBER BB HARQ): BALE LR EE

AR ER BB HRARQ): EFRETBEELRILIDBE S TE
AHBIRER BB HRAEA): T IO RBEBFRARLELRILEIDOF A EE
AR SR B SRR ST R B SRR

REEE R EB AR KB IR EE F 5

R R EAE MR E): ) —< - OvRD TR

R EahipR SAEMBEREG) MR SR DL
BB AR IR LA B AR(A) : FE AR D B HEE

ARA L OBEMEROEHETE (1)
HREALOBEMBROMEETE(2)

| BERRN (FTE-ETE) DZFE (Study Required Outside of Class)

WEH, S3ETXAMNETE -EELTHEIENZELL.

| ARABEETAM A 3% - 2 (Evaluation)

EHE DEBELR—(80%)/ H FEHE E(20%)
FTRTCOFEAEICEWNTRIHRBIVIEELERKELZERT S,

| T A (Textbooks)

1. ¥, (M RIAMD. FKENE (ISBN:4007308357)
2. BEFAT. MBS RIAP)., 23 (ISBN:432001569X)

| 22 3k (Readings)

WEITISCTHERNTHETRT 5.

| Z®D1t (HP %) (Others(e.gHP))

| EEEE (Notice)
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RC200

#MEa—F HEA RC200.~ W R 2
(Course Code / Course Title) (Probability Theory 2)
T—Y /YT AAVE .
(Theme / Subtitle) YIS TEEARN
S S HA(SUDA HAYATE)
(Instructor)
=3 o ET ey
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
BBFNYLG i BA:E
(Course Number) MAT7590 (Language) (Japanese)
R= CA234 HEEIRF B2, LC200 EIR2LATIEE
(Notes)

| 22 0 B4Z (Course Objectives)

EERICBVWTEELGARTHAERKETILITEHROARZE ST S. -, COEREELT, BEROELNLGER

AISHLE. 46, iTHRBIYIEELGHE - AFLEFITHTEILEBERICTS.

| 2Z DM (Course Contents)

TILATEHES, KEZERMA BB GHEBETHOT, "R OEELG—RILTHS "vILaoh” 2HITHIDOTH
5. REETE, BITREZREAVARGHEEDOINATEHICERETET, TOEREREZS. EAREOHEINOIRD,
TRILVIATEHDERVCEEERAR, VILATERDEEGEED—DOTHHESRMEICOVWVTRSET S KXEREZHET
BIZH=2T, REGAHRMBIFRIZRVUERAKROERTHY, BIEREVRERNERRICOVTIEIRETHLEDE

LY.

| #2258 (Course Schedule)

1.

i R I

9.
10.
11.
12.
13.
14.

HEAMGRBEOMRR-5E

TILATEEDEE

TILITEEDOKRE EE

< ILaTEE OB E
TILITEHDOEER

T ILaTEED A H S

TIILATEEDOEKG] BEEMRE, J—RUIE. etc)
TIILATEEDERKE 2 BFLDSUF LIA—D)
FEE A EE R D BE B

HERANEDHYT) Y

TILITEED IR EE

TILITEE DR S

AW ELFEITHID AR L RIT

A )L 7EE DB

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

ERETHRO-NBEDEEET S, &, BEDICRFTHEERMEEHEL

| BAEETAE A 3% - 2% (Evaluation)

B LR—K(Final Report)(20%)/ FfElL7R—bk (20% X 4 [B])(80%)
FTRTCOFEAEICEWTRIHRBIVILEELERKELZERT S.

| T XX (Textbooks)

$E12AL.

| 2% 3k (Readings)

HEDFRETHENT 5.

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)
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RC202

MEa—F/#B4A RC202./ AT
(Course Code / Course Title) (Mathematical Statistics 1)
i 4% BEE(KONNO YOSHIHIKO)
(Instructor)
YT - B o
(Semester) FhFEA(Fall Semester) (Credit) 2Bi{i1(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) MAT7590 (Language) (Japanese)
e CA236 IBMETZFM 1. LC202 BB A1 LARIBE
(Notes) TEHRRE BERIEILUTOESY[]

| $2® B#Z(Course Objectives)

S LR REHSBRRICBNST — M0 EDLIICLTHEREME T IMMARAUETEIEETHS. T—2DERICHE
RETILEBELTC. ZOBEETILET —RE SO THAIT 2 HEMGERZ ATV
i, ATHRE LY EELCHE - ATV ESITHTHIEERZRICT S,

| 22 DAA (Course Contents)

WO, HERZR, ERLEH, PFE. PEIUHERLZHOINEDE—FDEREZEN, RIZ, RRUEHHET VT EEERS
T FICERDMER) ZHAT S, CWoDMBICE DT, AT, REEE. REROHMEHEAZ (ERNEEZHER
RUEFR)EZES RRIZ. NDOFZEDHFEDFHEEIZODVTOL OO DR KRMAFERBIZDOVLTEIRAT S,

| #2251 (Course Schedule)

1. BEOHAFVALHIEBEHTOBME
2. HEESHTEHFEOES
3. HEREHIIDINR
4. REOER DGR EE
5. MRETROHERIZRIRDOFARA
6. MMETMETILEERBHETIL,
1. ERESfEETOHEE
8. mEEEDERS

9. mAEICDOILNT

10. AEHETEELHERAER

1. BREEDERA

12. RAIETVUOMBEELELRTE
13. XEHEEDEZS

14. XA ZXpHERDEZ A

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

REDIC, REAFTIHTINEFELEBITODVTUHERLET . choDFERFMIC 60 BRI EEZELFET,

| BRABETAM 75 3% - 2% (Evaluation)

BI&L7R—(Final Report)(40%)/ FfEIL 7R—(20%) /122 % D L 7R—(40%)
FTRTCDFHEAEIZBWTEERERKEEZERT S,

| THF Ak (Textbooks)

EEHE LMS [TRXRK,

| & 3k (Readings)

1. ARNNZES, 2017, [RAKIEHREZOEME], 37 HRR

| Z®D1t (HP %) (Others(e.gHP))

| ;EEEE (Notice)
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RD102

#MEa—F HEA RD102./ 5 FHEYE B iR
(Course Code / Course Title) (Introduction to Molecular Biology)
i 18R KE§(SHIOMI DAISUKE)
(Instructor)
e . B N
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
BBFoNYLY £ AAE
(Course Number) LFS7190 (Language) (Japanese)
i LD102 B FEYEBMESRIRE
(Notes)

| $2® B#Z(Course Objectives)

FEREY O REMIARRER R EIEE . ZRMELEEZES. EOFHELI VBB FEERICE>TITHOATEY, =
NoDEVNIEOKRECEELEICOVWTERZRD L. 6. THREIYIEERAHE - AXVERICRHITEHILEZBRIC

j_%)o

| 22 DAA (Course Contents)

ERZEDDOHTHEIZET DEATVWSIRBREEZHDICERT 5. REITHLT, #ER, BHEKE, TRVRE. iFRAEE
BRELENT 5. RREYOEBWTHIRS R, TEREGIEME, BRI, B4 OMIRICREMATHEERBICONT
EET D T RHOEERX R VRS ZRL . ZEE THRLEALED D, BRDEYFHNLREREZIT TR RRA

5%':OL\—C{)$’Sio

| 22 51E (Course Schedule)

1. FiH
NOT)THIRDEE
NITFUTHRBIZET28 0 R0BDBE
INITUT D52
INGTV)T D5 BEFIE
INOTVT DREEER A1
INOTVT DREEER A1
NOT)T DEHIWE

9. NOTYT OEFImE
10. PBEERXOBNEETEH
1. BLEROBN LR
12. BERXDBNEETH
13. BEERXOBNEETH
14. BLERNOBN LR

PN o s LN

| LB (FE-EE%) O%E (Study Required Outside of Class)

BRI OFEBIHT SEnIE, DECHLTHRERT 2.

| BAEETAM A 3% - % (Evaluation)

READIMYMH, HEREE, XK, V730 R—/—12E(100%)
TARTOFESEICEVTRIHREL VLB EHERKEERERT D,

| 7% X (Textbooks)

ikl

| % X# (Readings)

ikl

| ZDHh (HP %) (Others(e.gHP))

| SEBEEIE (Notice)
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RD105

#MEa—F HEA RD 105, #ifa 4 ¥ 43R
(Course Code / Course Title) (Introduction to Cell Biology)
S EE EMN(MASHIMA KEISUKE)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =ia BHAR:E
(Course Number) LFS7390 (Language) (Japanese)
ikl LD105 MR iR & & AL
(Notes)

| $2® B#Z(Course Objectives)

BYHIRICE T DN T TILGED S FHREEE S,
o, TR LY ELHE - AXVEFITFTHIELEREFICT S,

ZZEDMAZA (Course Contents)

MR R GHBRNADLDITFIVERITT, TOITFILITEET DMENS T FILGEREBZ RTINS, ZCT, B
BTOLTFINCEDN FRIBEDERERRT 5. TDR, REEIMBOL T FILGERBITOVWTRBNT 5. £, &F
TIIELZ OO T FIREITEHELE-XEH DIV FEMEEHRH, FEMDTLEV T3y, TRERITTOTAR

HvavE 75,

| #2251 (Course Schedule)

1. BWMMRRIZEITEITFILEE £IZGAV/NNVEERIDIC
HHAEICEITELTFIVEE EIZGARAUNGEERIDIC

EMRRICE THL T FIVRE AUV BE) VEEEEREFIDIC
EMRRICE 1D T FIVRE AUV E) UBEEEREFIDIC

FYHBEIZH TR T FIUGRE AL D LA ERIDIC
FREMBATOY S FILEE

2
3
4.
5. ENMMMREISEIFELTFIVEE EICAVAVEIVVBAEBERERIDIC
6
7
8

. BARIGHRRIZE TRV FILEET (BEICEETLEYT—aYy,
9. BARBMBIZEITAV I FIVimE2(BEICKDTILE T—ay,
10. FRAGMBEICEITEIT FIVGES (REICKETLELT—ay,
1. BRAGHBICETEL T FIVEEL(REICKETLELT—ay,
12. BAREMBIZEITE20FIVnES (FEIZKETLET—ay,
13, BRAGHMBRICHITEI T FIVGES (FEICKDTLELT—ay,
14. BAREMBIZEITEI0FIVRET (FEIZKETLET—ay,

T4Rhviay)
TARAYaY)
T4Rhviay)
TARAYaY)
TA4RDviay)
TARAYLIY)
TA4Rhviay)

| BEEMN (FE-HEE%) D%E (Study Required Outside of Class)

REITSLSEEHERMNT S,

| BRABETAM 75 3% - 2% (Evaluation)

BEAORYBA (TARAVLAVADSNEZST) (50%)/TLET—a(50%)

FTRTOFEAZI BN TEELERKEEZERT D,

| TF X (Textbooks)

AL,

| & 3k (Readings)

¥IZhL,

| Z®D1t (HP %) (Others(e.gHP))

| ;EEEE (Notice)
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RD108

#MEa—F HEA RD108./ 7> FAMZF 4R 2
(Course Code / Course Title) (Special Topics in Molecular Biology 2)
S B4R IEE(SEKINE YASUHIKO)
(Instructor)
YT o B o
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) LFS7190 (Language) (Japanese)
i LD108 WSR2 ARIBE
(Notes)

| $2® B#Z(Course Objectives)

ST/ LOREREECEBEINDED OB, ELICEDLIIHAOLOTELNEZER 48, fTHRELIYLEELM

B AXNEZITTEHIELEEBERICT B,

| B2 NDAA (Course Contents)

AYIL, BEFEREREISHFLROBAICSIERC—AT, RALGRALEZRTENDEIZKYT / LEHRELSHILS
AL OTIVD, KFEHRTIL, DNA MR R [CEOTEIERIENDT / LDF A FIVIRBRELTDEYFEMERIZD

WTHERERY %, Ff=, 7/ LBEICET S REDO X DETHIT.

| {2251 (Course Schedule)

1. DNA#RZ D= - 758

2. FIUVRRI VO E-GIEHE

3. FSURRYUDEFBIZKYFIELIEIN S DNA X (1)
4. FSURRVUOEHIZKYS|IELISINS DNA iz (2)
5. LbANSURRY L DERFSHETE

6. LFOMSUVRRY U DERFICKYTFIEFE S5 DNA #Hi %
7. FSURRIUDREYMY /LDOEIZEZ DA 398()
8. KSVARRIUNEMYS / LDEILIZEZ A28 (2)
9. ZFMDhd DNA #8232 (1)

10. Z®D1{thd DNA 2% (2)

1. 45/ LENREICBET D XXARDES (1)

12. 45/ LEHEEICBET DX RRDEE (2)

13. 4/ LEHEEICBE T DX RRODEEER (3)

14. F&oH

| BEREMN(FE-BEZ) D% (Study Required Outside of Class)

BRIV EERAT DT, BRICBZELTHSREICEHRD L,

| ARABEETAM A 3% - 2 (Evaluation)

T 9230 R—73\—(50%)/ 12 £~ D ELY #HAH(30%)/ 1T R M(20%)
FTRTODFESZICEWTATHRELVE BB ERKELZERT S,

| T XX (Textbooks)

L

| & ik (Readings)

L

| Dt (HP %) (Others(e.g HP))

T30 R—N—IZxFTBT4—E3\v (., REIOIFERFIZITS,

| SEEE A (Notice)
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RD109

FMEa—F/ #B%
(Course Code / Course Title)

RD109. #4455
(Special Topics in Cell Biology)

S B0 FRZKF(HIGUCHI MAIKO)
(Instructor)
ZFHR " BfT o .
(Semester) FNZHA(Fall Semester) (Credit) 2 BA{i[(2 Credits)
BMBFonNYLT =g BHAR:E
(Course Number) LFS7390 (Language) (Japanese)
ikl LD109 MR iR o & A
(Notes)

=X

@ B 4Z (Course Objectives)

HMEEYZE. BFICHRNS T FIVEE., MiaighE, MRESICOVT, RAROHARRNEEZES. 48, iTfREIVLEER
M- RAFXIWEFIHFFTHIEEBIRITT S,

MDMNZA (Course Contents)

HMEAMS T FIVEE. IR, MRS E I SEE. X O&HHE. ILEVT—2avETS

| 3%

£1E (Course Schedule)

1.

© ®©® N4 o g~ DN

—_
—_

MR £ Y D A

MRS TFINGED D FAN=XLEERIZEITHEE -1
MRS T FINGED D FAN=XLEERIZEITHEE -2
MR TFIGEDD FANZRXLEERICETHEE -3
MR TFIEEDD FANZRXLEERICETHEE -4
HRETED 53 FAN=X LEERIZEITBHEE -1
HRIETED 3 FANX LEERIZEITEHEE -2
HREIED S FAN=XLEERICE1THEE| -3
MDD FANXLEERICHE T HEE -4

HE

HREBI D AN X LEERIZHTHEE] -1
HMRESD AN X LEERIZEITHEE] -2
HMRESD AN X LEERIZEITHEE] -3
HREBI D AN X LEERIZHITHEE -4

| BERRN (FTE-ETE) DZFE (Study Required Outside of Class)

EETIEMANDERETLELT—Lav DERETS

| ARABEETAM A 3% - 2 (Evaluation)

BEA DY #HA(100%)
FTRTCOFMEAEICEWTRIRELVIEERERKEEERT S

| T XX (Textbooks)

HL (BET HEMMIICDVTIIRERNTENT D)

| S% X ik (Readings)

| Dt (HP %) (Others(e.g HP))

| EEEE (Notice)
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RD111

#MEa—F HEA RD111./ A ¥{L 2455/ 1
(Course Code / Course Title) (Special Lecture on Biochemistry 1)
T—X/AYITE(ILE LA -
(Theme / Subtitle) DNA BB ESRUEN
BEES KR IEFE(SUETSUGU MASAYUKI)
(Instructor)
=3 N ET ey
(Semester) =2 HA(Fall Semester) @t 2H{¥(2 Credits)
BBFNYLG =i BAREE
(Course Number) LFS7290 (Language) (Japanese)
('\1]?%% LD111 EYREHHI1IEERTE
otes)

| 22 0 B4Z (Course Objectives)

DNA EE NS B RAEYFFETORAMATELDIT, RI— TV TENL-ERRARDOELERICOVTLEY, BHETERX
EUVIRCNZERITOTS, GE. iTHIRELVLS EGHE - AFILEFITHTEHILEBRITT S,

| 2Z DM (Course Contents)

BEFERZEEL BB 0IE—ZEYHTREN (BCERE) FTERDRETH D, £ EXT7% DNA BRI X TLE
RA TV, BTHIF/NITY 7D DNA BREF EL-ERMORERETERY L5,

DNA TR DERIET=, Ff=-B/N\AFTH /AP —[CERT DD THS, BREE, N MFTH/00—DHBARTHLERED
ZIIONWTHRN T HEEDIT, ATHIR. 7/ LB, NMFAEFREN O, EREVMFDORIGEERIZOVT, EREYFERS
— 7Y TRIEDERAEFRICEIVTRENT S,

| #2258 (Course Schedule)

1. A4>ra8 523y

HERR

BRI+ —Y

BE DO, HMAzRNEIRE
DNA {&18. R %
HWEEm
BREMREENMALED Y
9. BILIV—EREYE. EEDFIE
10. 7/ LIRE.7/LERK

11. EREYZELEE

12. SREMRZLERE

13. KEHIXZ—LT7VT

=4 =D
14. 55w 2

i R I

| BEREN (FE-EETEF) DZFE (Study Required Outside of Class)

LR—FORB, BT NBERFABICETELODEH2EEFELTLSD TERKLTHLIE,

| BAEETAE A 3% - 2% (Evaluation)

LR—b1(35%)/Lik—bk2(35%)/1) 7 23 R— s 8—(30%)
FTRTCOFEAEICEWTRIHRBIVIEELERKELZERT S,

| TF X (Textbooks)

DEIZGCTEMNERTT S,

| 2% 3k (Readings)

| Z®D1t (HP %) (Others(e.gHP))

| SEEEE (Notice)

- 231 -



RD112

RD112/ AWML F /2
(Special Lecture on Biochemistry 2)

2 J11BAE IWAKAWA HIROOKI)

2B f51(2 Credits)
BHAREE

(Japanese)

& FH#(Spring Semester)

LFS7290

LD112 YRR 2L G RIBE

BEFRR RUZOHETHLMZREIERT RNA [CETHRFOHEISOVTEY, RNA D SHLBEEERET S
&, MHRBIVLEELGIHE - AXLESIHTEHILEBREITTS.

RNA (&, Ayt>P+v—RNA, B5#E RNA, U7RY—<JL RNA EL TRV VB ERICE T2 R EIFRI-F. FaE,
2 FIED—K RNA X, REEFFO—F RNA G ENEEFORRFHICEELRINZR T EAASHHE>TE. KRET
I¥, RNA D SHGEEEEMRT 5012, EREYORREE, <190 RNAMIRNA), €5 FF i RNA(siRNA), PIWI-
interacting RNA (piRNA)&LYDT=/NF RNA DEIE, ZL T, long intergenic non—coding RNA (lincRNA) % &, #R4< i REHIE
O—FK RNA DBIZEIZDLVTEA.

RNA £#%2 A M
BIERHED

BIERILIEQ

BIERHEQ
ERHMAD /NS F RNAD
ERZMBEO /N F RNAD
BEMED /NS F RNAG
BEMED /NS F RNAD
E83Ea—FK RNAD

10. E#43E0—K RNAQ
BEH O RNA HED

12. B#i® RNA BFEQ

13, B#® RNA BFE®
14. F&®

© ® N o Ok wbd=

—_
—_

BETHINAEICODVNTEELTHELIE

BEROEBZICBT2UT O30 R—/—DAZE00%)
FTARTOFESEICSVTHIPRELVEEERERKEEFERT S,

o
pai
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RD116

#MEa—F HEA RD116./ £ B RIEE2
(Course Code / Course Title) (Special Lecture in Life Science 2)
i 15 R  KEH(SHIOMI DAISUKE)fth
(Instructor)
ZFHR . BfT o .
(Semester) HEZHA(Spring Semester) (Credit) 2 BA{i[(2 Credits)
HMBFNNULY =g BHAR:E
(Course Number) LFS7190 (Language) (Japanese)
i LD116 £REEHBIBH2LARIBE
(Notes)

| $2® B#Z(Course Objectives)

BEBOMEIZDONT., FHEET S,
HE. PERLVLEELNSE - REILEBIZHTEIEEBEIZT 5,

| 22 DMA (Course Contents)

REMODPEIZONT, RERICHR LB TV —ROARENSEEEM D,
HERABITNA . ARDEDH . EAALGELZERIERERT 5.

| #2258 (Course Schedule)

1. HAFUR(ER X&)
NITUTEBAROGERIELLEBASE () (ZK BH)

2. NOTVTEBROEBHREBLEBARSE(2) 2K RH)

3. AI#EZLELV-#LELFIZ() (WE KR

4. ANIHEZLLLV-ELESFIZ(2) (WE KR

5. HRRMEOESEZOERFEORKGEN 555

6. MBEAILA/AFOBEEICRFT TGN 555

1. FILREOEB(ERE E—HR)

8. H/LIREDIPS HMBE~DISH(ERE H—ER)

9. EREMEFAI:EDOKIITHEL, EDLITRENZR-OMN(FER X

10. BEREVOEARAREBELFHE(EH X

1. WEYOXEHRADELEFTDDFHE() (T BE

12. HEYOREHADEILEZTD D FHE(2) (I EE)

13. HKEIEEO¥EEGIE £)

14. gAfNBYURREICKYRENT HHRAGE S 2)

| BEREMN (FE-BEZ) D% (Study Required Outside of Class)

BEINDIEEDHEICDOLNT. HP PHILEEEZR T, FELTHLZE,

| ARABEETAM A 3% - 2 (Evaluation)

ERDEZIZBITAYTHILAVR—/IS—DAR. BHA~DS N E(100%)
FTRTODFESZICEWTATHRELVE BB ERKELZERT S,

| T XX (Textbooks)

L

| & ik (Readings)

| Dt (HP %) (Others(e.g HP))

| SEEE A (Notice)
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RD301

FEBEa—F #EBE% BEE&.wEA
(Course Code / Course Title) (Colloquium A)
(f‘ﬂé‘% & EHBEH LGRS
nstructor)
ZFHR - . By o .
(Semester) HEZHAth(Spring Others) (Credit) 1B {5L(1 Credit)
HMBFNNULY =g BHAR:E
(Course Number) LFS7880 (Language) (Japanese)
— NG W1 ~ BRI
otes)

| $2® B#Z(Course Objectives)
EMRDFICEET DM -BHREOHER L, HAROEBKRBREEITICET, TLEUT—LavEENERIEHITRHR
NEFITHTHEBEEROD, [, ATHRBLYIEELNH - AXILEHITHTHIEEBEITT 5,

| ZEDMNZA (Course Contents) |
EEIEMEBEEERIIE TAHBIIBENT, MRERE—ARTITONDILDTH S, TD-OHBETIE, ARORTIZHE

B, EMESFICEATIMBOHREBMNLEZADER, SOHICIIERENDERLELZENELT, FEEHANERIZIZE
HEZEHREL, TOETEIZHEL, 1 FRZEELTITS,

| {2251 (Course Schedule) |

1. XN -HERESKREBE

2. XN -PRESHKRRE

3. XN -HAREBKREE

4. WX -PREHKRRE
5. FRIHBN-MIREH KRR E
6
7
8

RXAEN - R ES KRR S

AR - AT EB KRR S
. RN - R ES KR ERE
9. WMXBN-HEEBIKRFE
10. SMXHBN-HEES KRS
1. BRXBN-HARESKRRE
12. XN -HEESKRRE
13, WX -REB KRS
14, WHBXBN-HREB KRS

| BEREMN (FE-BEZ) D% (Study Required Outside of Class) |
BESNI-XRIEDHTHRATSIE,

| ARABEETAM A 3% - 2 (Evaluation) |
EMENHICETIMIXDOER N, RREED, ARICHTINYEAZBELZRMATIEEHE N RS2, (100%)
FTRTCOFEAZI BN TEELERKELERT S,

| T XX (Textbooks) |
BMEIIIREHENRAET D,

| & ik (Readings) |
BEHENAEIERT S,

| Z®D1t (HP %) (Others(e.gHP)) |

| EBEFIE (Notice) |
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RD356

FEBEa—F #EBE% BEE&.wEA
(Course Code / Course Title) (Colloquium A)
(f‘ﬂé‘% & EHBEH LGRS
nstructor)
=y "~ B o
(Semester) FuHA{th(Fall Others) (Credit) 1B {5L(1 Credit)
BMBFonNYLT =g BHAR:E
(Course Number) LFS7880 (Language) (Japanese)
— NG W1 ~ BRI
otes)

| $2® B#Z(Course Objectives)
EMRDFICEET DM -BHREOHER L, HAROEBIKRBEEITICET, TLEUT—LavENERIEHITEHE
NEFITHTHEBEEROD, [, ATHRBLYIEELNH - AXILEHITHTHIEEBEITT 5,

| ZEDMNZA (Course Contents) |
EEIEMEBEEERIIE TAHBIIBENT, MRERE—ARTITONDILDTH S, TD-OHBETIE, ARORTIZHE

B, EMESFICEATIMBOREBMNLEEZADERS, SOHICIFXRERENDERLGEXBNELT, FEEHANERIZIZE
HEZEHREL, TOETEIZHEL, 1 FRZEELTITS,

| {2251 (Course Schedule) |

1. XN -HERESKREBE

2. XN -PRESHKRRE

3. XN -HAREBKREE

4. WX -PREHKRRE
5. FRIHBN-MIREH KRR E
6
7
8

RXAEN - R ES KRR S

AR - AT EB KRR S
. RN - R ES KR ERE
9. WMXBN-HEEBIKRFE
10. SMXHBN-HEES KRS
1. BRXBN-HARESKRRE
12. XN -HEESKRRE
13, WX -REB KRS
14, WHBXBN-HREB KRS

| BEREMN (FE-BEZ) D% (Study Required Outside of Class) |
BESNI-XRIEDHTHRATSIE,

| ARABEETAM A 3% - 2 (Evaluation) |
EMENHICETIMIXDOER N, RREED, ARICHTINYEAZBELZRMATIEEHE N RS2, (100%)
FTRTCOFEAZI BN TEELERKELERT S,

| T XX (Textbooks) |
BMEIIIREHENRAET D,

| & ik (Readings) |
BEHENAEIERT S,

| Z®D1t (HP %) (Others(e.gHP)) |

| EBEFIE (Notice) |
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