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Course Semester/Credits Instructor Affiliation

Advanced Topics in | gy Semester Nobuo Tsuzuki

(ﬁ%l g%%%ﬁ?B ) 9 Credits Professor Mathmatical Institute

Course Title :
Ramification of Galois group of local fileds and its application to arithmetic geometry

Purpose/Abstract :
We will explain the structrue of absolute Galois group of local field and ramification of integer rings,
and will talk on Galois representations and their geometries.

Goal :

The goal is to understand the structure of absolute Galois group of local field and Hasse-Arf’s
theorem with respect to ramification groups. Then, we will apply it to Euler characteristic formula of
curves. Moreover, we will explain the recent theory of Abbes-Saito in the case of possibly imperfect
redsidue fields, and p-adic theory.

Contents :
1. Foundation of local fields
2. Ramification for extension of local fields
3. Ramification groups and Hasse-Arf's theorem
4. Application to arithmetic geometry
5. Further topics

Books required/referenced :
Jean-Pierre Serre, “Local fields”, GTM 67, Springer-Verlag

Grading :
Reports

Remarks :

Course Semester/Credits Instructor Affiliation

Advanced Topics in | gy)| Semester Yoji Akama
Geometry B

(B fi 22030 B) 2 Credits Associate Professor Mathmatical Institute

Course Title :
Discrete geometry by Fourier analysis

Purpose/Abstract :

It is well-known that we can prove Kronecker’s approximation theorem and Minkowski’'s thorem of analytic number
theory is derived by Fourier analysis. We will see how these methods are developed to problems of discrete geometry.
Specifically, (1) we will derive a mathematical model of quasicrystals of physics, by Yves Meyer's method. Then, we will
study mathematically the diffraction pattern of quasicrystal, via pointwise Ergodic theorem (Baake, Robert Moody). On
the other hand, we will study the symmetry peculiar to quasicrystals. Then we will explain (2) how analytic number
theory is related to discrete geometry such as theory of packings and theory of uniform distribution.

Goal :
Fourier analytic proof of Kronecker’s approximation theory, Bohr’'s compactification, Birkoff's pointwise ergodic
theorem, theory of packings

Contents :

Uniform distribution. Kronecker’s approximation thoerem. Minkowski’'s theorem. Bohr compactification. locally
compact Abelian group and Pontryagin duality. Harmonious set. Cut-and-project set. Delone set. The topological
dynamical system of points sets. Unique ergodic measure. Mathematical diffraction theory of quasicrystals with and
without probabilistic disturbance. Minkowski-Hlawka's theorem and packing theory.

Books required/referenced :
Reference:
[1] Yohji Akama and Shinji lizuka. Random Fields on Model Sets with Localized Dependency and Their Diffraction,
Journal of Statistical Physics, Volume 149, Issue 3, 2012.
[2] K. Chandrasekharan. Introduction to analytic number theory. Die Grundlehren der mathematischen
Wissenschaften, Band 148. Springer-Verlag New York Inc., New York, 1968.
[ 3] Peter M. Gruber. Convex and discrete geometry, Vol. 336 of Grundlehren der Mathematischen Wissenschaften
[Fundamental Principles of Mathematical Sciences]. Springer, 2007.
[4] Yves Meyer. Algebraic numbers and harmonic analysis. 1972. North-Holland Mathematical Library, Vol. 2.
Grading :
Report
Remarks :
akama@m.tohoku.ac.jp
Office hour: 1600-1700, Wednesday (subject to change)
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Course Semester/Credits Instructor Affiliation

Advanced Topics in | paj] Semester | Shigeki Aid
p geki Aida . .
(ﬁ%él‘)%%%%ﬁBB) 9 Credits Professor Mathmatical Institute
Course Title :

An introduction to additive processes

Purpose/Abstract :

After reviewing the basic notion in probability theory, we expalin the basic properties of Brownian
motion and Poisson process. Also we explain the basic properties of sum of independent random
variables and infinitely divisible distributions.

Goal :
Understanding of basis of study of independent random variables, Brownian motion and Poisson
process.

Contents :
1. Definition of Additive process, examples
2. Additive process and infinitely divisible law,
3. Additive process and its generator

Books required/referenced :
Lévy processes and infinitely divisible distributions, Ken-iti Sato,Cambridge studies in advanced
mathematics

Grading :
report

Remarks :
Friday second lecture
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Lecture on Strongly Correlated Electron Systems
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We revisit the basics of strongly correlated electron systems and learn the experimental techniques such as x-ray scattering, quantum
oscillation, and photoemission spectroscopy. Hot topics for new superconductors and magnetism will be discussed. Various interesting
phenomena of d and/or f electron systems and hetero-structured materials as well as the mechanisms behind them will be introduced.
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We understand the electron correlation of condensed matters, especially, the formation mechanism of superconductivity and magnetisms on
strongly correlated electron systems.
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Conventional diffraction and Synchrotron-radiation diffraction
2 . Fundamentals of X-ray/Neutron scattering
3. Structure and physical properties of innovative materials
4. The classification of physical properties and structure
5. Future direction of structural analyses based on X-ray/newtron diffraction
6. Introduction to Fermiology by quantum oscillations: the Lifshitz-Kosevich formula
7 . Observation of quantum oscillations: experimental techniques and examples of quantum oscillations in simple metals and compounds
8. Fermiology of strongly correlated metals
9. Fermiology of superconductors
10. Basic process of photoelectric effect and the technique of photoemission spectroscopy.
11. Special aspects of instrumentation required to do experiments of photoemission spectroscopy.
12. Description of types of photoemission spectroscopy, and the related spectroscopic techniques using synchrotron radiation.
13. Applications of photoemission and related spectroscopies to novel interfacial states in strongly-correlated oxide heterostrucutres.
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“Introduction to Solid State Physncs by Charles Kittel
Magnetlc oscillations in metals” by D. Shoenberg
“Solid State Physics” by Ashcroft/Mermin
“Fundamentals of Crysallography” edited by C. Giacovazzo
AERHED %
& LR — MRS X > TR 2475 o
The evaluation is made by attendance and report.

Z DMt :




REXHMEB A B - B | HEHYREK4A B B E F

e WO #E(E) | NT TR EIERen
BT | e fiak B HE802(%) | N T THREEHIEGEm 2t
i K& Wi dEE) | BMbERrgE
BEmEE
et o i TR g & i TR
BEORM S

B AW IR D TN ZADLNEERE L CEETH L DA% HTWH 2%+ 5 FTd FAR
EAERMELTINT T, BT PERETHEZ HOTEF Y ) 7RAE ¥, S IR WIRE) O R
BLRHIHEREB SN, EFOa Ea— 2 LtEbNTVAETI V2= \OWf3Ed —HToHEL T
T3, — T INFTHOGTHETHHLEN TV o727 I~y (THz) FEET. B LWOILERHR
e DM IEAHEA, FOE Tk THz 2l Z2bke et v v v 7 bbbz o TwEd, ZoR1al
R Tl PHEARZ I U & LR E TSR & 2 oW PEise Cidoin % 42 5 N T T YRk 3568
TWEFERT 2> & e R A BeBI% TH 5 NGRS A, #EIZTH k42 REHE, X512 THz 3 EHTEWT
774 T4 AT LI (IE) 2 O MR BRHEEIZ TH 5 RBATREICBI LIEE, ZhZho b
Yy 7 2B U TR 2R 268 SRS ERL, T, S SICRITOMERR T TRALTHE 3,

FEOIEBRR
B EE D S DBE T, A YOl X512 T IV T TR O 2 8L < i
HZ LT, mTWsE L & FEHNOWRNE 2 R LT 59,
BREORNA - FiEEEEFE :
KR 2L L, 53 HMER#ERZIT)
BREBIUBEE:
KR EIIIFICIBE L v, LIS U Tl &R 2 A4 5,
BERHED A E ¢
WG 2 S ONCH 2 LR — M2 XY F-liT 5,

AR, €O :

CULE
BE®B 4% FEFH - B HLHE KA R B % E F
FRLT - B | 1) A AT R GE) | KBOTALRSE
TR T 1 HAL Ork ¥ #%) | (=2— MU RS 7 —)
ZEEE
EIWAR-ADLY/E: Rt T2 R INIA
REODEHEBE !

R PEB 2> & D)k & L COEDPWH G 2 HH L, EHBBIIC X - THIITE 2WBIBIR, BRi&
FE DB T2 D W T O IBERAEE 2 5

HNWEET H2FHTOEL, HHWEBNT 2 720DFEBRFHEICOWTHIT S, /o, ERPHED
wHTHLO KAGRA FEERO AP & IFF SN D WIHBRIS O VT, EBRWIER O Y70 Hfisr - Sy
Z) o

FEOTHEBE :

BEHWEB L OEDEIEAEBGIE T 2 B0 22 B & oSl o w2 E O HA 2B L C oL
19 722 JEELZ DT o B
BEODAREA - HEEHEETFE :

1. )Pk & — AR B

2. EHKERETLHZRLFHS

3. BB L RS E ) IR R IR K
ERZEBLUVUBEZ

BEEW TR
BRAEEHm DAL -

WG & LAR— MEH,

FDfth :

_26_




REXHMEB A

PSR - Bifi

HYHE RS

B B E F

SRT - TR
Bl 2 T

21
1 Bf7

A ER N GE)
(OWs% A7HL  EBUR)

FORURZE R 45 T i ZE A

EEER )
W EL R BL G

BEOEMEME .

WERWE BRGSO WT, RO OFEERN - BRI RRE B $ 2 LB BB 5% 175 . BIK
BILIE, BE RS O CRRT-RY R JITH 2 O G 2 17 5 72, BB ORI B3 % S BLH R0 Ky
BYR OISR (EEA IR, MEMINIZER, s (L HC45) 12815 2 MgE) 120w TiEEl
21790 F2FREIS, ZNZTNOMMERICEIT S > 7 FVOFHICOWTD TSI AT o i
BIZIiE, BAEOFE - B2 ZE L7261 E 2 55 i b AR 2R BEWHEMIC O W TR, 2ol EY
B OFAIFRIIBUT 2T REEIC O W T b %o

FEDOEEER :

BEONE - HEEHEETFE :

1. 7R OAFAERERL

2. WU o SR T
WY o (KR B o #el)
WM DR (WG B o B3
A BRI BT 2 W B R BL (R W o )
TR SR FEERIZ BT 5 WG B M
gﬁi%ﬁﬁﬁﬁﬁwgﬁﬁ

BRIERXUEESE:

ONDUTW

RAREHRD A ¢

O :

REMBE A FFFHEA - Bf | HEHLYREK4 R & E F

2
1 Hf7

PR d R GE)
(ORs% fril #HK)

HUHRR 22 LA Y B 2 bk 2 i
(i1 LR B2 R e )

EY AL
PGS I

RE-ER
R 7 5 D Bl iy O Wik 8 7 FHAT L2 DT

BREOBHEBE !

B PRVE 2 RO OB IE, TN X 5 e W RN HFEOW PR ICB L CHRBIC AR 5 v 3
LWEEZFro, Zhud. FRICIEEEINRIEZ THNIC OV T OMFZ IREICT 2. . BRI Cldhk
BN BLEMIZIIATREGENZE N L2 E R 5 L, ZORSFGOMGE, WOz IFHREN
A 2 BE S 272012 IEFHICHHTH 5. bHAHA, BRI OPG TN TFHEGROBR L LT
HETHY, TOMELRMBINIELTH L. ZOEFKTIE, T OBIIFRY OB O R 2 AT O T2 D
WTHAMIZHERZ L2 HWE T 5,

FBEOEEER :

BEONE - ECEETE :

BOMGO PEOMEE I E LT, F TR HEE Fo 50 B0 LRy 7 JIH 2 AL L 720, 40K
SCRIA B 7 — ¥ Bty O BLIEREAT 10 7 P % 1 o 78T V¥ — B DR R AT e 55
=, HEORME LT, P E FEN S BAHIOBEROF L BT R 5, = U X ) 5 R
203 % HLO> Wilson v — 75 D& W IR S C X B % 7 6 YOTOMITEH OB OAAE & 2 0 4 KT
SO IS L RTL £ WL 7301 BRI AT 2o 5 DI o0 T LIRS
W CHHBLT %o

BRIERFXUEES:
BEDDIIRET 5 T

RAREHRD A ¢

FOfh -




REXHMEB A FFEEHED - B | HEHYREK4A B B E F

FHT. - T BEe: | 220 KK R IR | ARSI (MR
HElh 1 Hif GRE i fEHR) | Ok TR )
e
BURRES TN A6 CRESER - A 7S — o
BEORNHEHE -

JE TR O FEBEZ B L 72 B O ILEDORLER., N S—BFE O E - IR 2 RS 5, F /2.
Bl - USRI O—2>THh 5 B LD F B 1 FIC D & | REEM DT OO HREER A X1 V(2
X D ARV TRAEIT) o

F—17— F  REEEHEE, A N — g

FROEERR

REODAR - FREEETE !

PREL LUBEE

WEWHAIGR B R - TS
BAERHED A% -

WKLV A= ML 5
FDfth :

BEHMB 4% FAEFH - B HNHE KA R B # E F
FRT - E Y | 25 ag MEE R GE) | BALART e

LEFIE =AY 1 Hify (R #f #d%) (WyBRepds gy SR - B PR

RE-ER -

PETE u BT ALY IR RADOFE
BEEROBHEBE :

B EBEZEOMNT 2N a PRI o TESN S, BEIZZEINCEsTTFE SN PT XD
T2 ady (k7)) ARSI, Y0, MhE BTNz, 2 24 VIFESHEER 20T %
TLBEBLRY IRTFOMBOFEL T F > THDHIENHLLIIARY, BIEIZBECHESEH 2175 T
EIEXBILTW5B, TDOHREL DRRFAIEREINTD, 2RE—2 & U TEBRIC—RIIZH WV DR F
X322ty (LFbhY), ndlT. KPHTO3IHEETHL, IS 2 HW2BED J-PARCIZBIT 5
EERITFZE D — i % AT 5 o

FEDOEEER :
N RO WO BT & 5

BEODAR - HiEEEETE -

. EBRT &P

INA HF. KPREF. S 24
WE & OMEAEH

I8 A H %

K A 4%

NENIRZ Yyt

2 2 ViR
BHRESFLUBSEE

FRIZZ2 Lo

FARRHRD A ¢
AR IR T, S & RS & O ERILE TR 5.

ZDfth :

NO O W+

_28_




REXHMEB A FFEEHED - B | HEHYREK4A B B E F

FRLT - B | 1 A ME W OE) | Al R
TR X 1 Hf Gkl #HE 2% | (m2— M) RS 5 —)
REER -
A P % > 72 SR T TR
REQDEHEBIE :

FEARTR - D R ds & OV - 2 i o 72 3R F-FZE I D W T O ZEREARR & 22 5

PO E Y ZN Y TRERP =2 — )/ JUGHTHR 2 8 ISR 2 L CEE RS A—%
Thbo 72 THEFOEPEAE— A > MIKEH ORI FEOWN 2 BGES 2 H N2 TR EEZEZ LN
TBY . R ORMEMG 28 2 70872 Eof LB O R LICHANTH L, TNHOMET
HEE LD, WREOBEIRVE T DA & T2l o 72 iR O FRAHFZES DTS - R %o

FBOBELR
IR T 0 2 Wi & 20 R L 7 SR T-BF A 0 SRR T 8

REODAE - HIREEETE !
1. i - o i
2. T o & FHBRTHETOWH
3. T OBESBUE T — A ¥ b ORIEREERRR L FRERE 2l 2 72 WA Ok

HREBKUOEEE
BEN TR

BRIl DA
HiE & AR — MR

ZOfth :

REMBE A FFFHEA - Bf | HEHLUREK4 R B E F

Advanced Quantum .
Field Theory Fall Semester Assoc. Prof Department of Physics

G & T 2 2 Credits Satoshi Watamura | Particle theory and Cosmology group

ZEEH -

Advanced course of quantum field theory

BEOBMEBE !
The quantum field theory is a theoretical framework widely used in particle physics and condensed
matter physics. The lecture is the continuation of the Quantum Filed Theory in the summer semester.

FEOIEERE -
To understand the quantization method of the field using the path integral and learn the
fundamental concepts of the theory of the elementary particles.

BEOAR - HIEEEETTE :
1. Path integral of fields
2. Quantization of Gauge fields
3. Renormalization
4 . Spontaneous breakdown of symmetry and Higgs mechanism
5. Path integral and semi-classical approximation

BREELUEEE !

To be announced in the lecture.

BAEHB DA

Reports and written examination

FDfth :
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Course Semester/Credits Instructor Affiliation

Advanced Nuclear Theory | Spring Semester | Shoichi Sasaki

R R B i) 2 Credits Ressiate Prafy || 2O mEn OREhySICs

Course Title :
Hadron physics

Purpose/Abstract :

The lectures will concentrate on hadron physics, which is the study of the properties of strongly
interacting “particles”, which are actually bound states of fundamental quark and gluon constituents.
The dynamics of the quarks and gluons are controlled by the quantum chromodynamics (QCD), which
is the underlying theory of the strong nuclear force. In this sense, nuclear physics is a subfield of
hadron physics. After a general introduction to hadron physics, some basics in group theory and gauge
field theory will be covered in this course. You will then have Introductory lectures on QCD.

Goal :
You will learn that the concept of symmetry (or its breaking) plays an important role in hadron
physics as the modern nuclear physics.

Contents :

Books required/referenced :
References are introduced during the lectures

Grading :
Report and attendance

Remarks :

REMBE A FFFHEA - Bf | HEHLUREK4 R

iﬂ

B F

Advanced High | 5 sy IIEESIE e LB SR

(& E I;%%g_ﬁ;%é?%;ﬁ) 2 HifT Prof. Hitoshi Yamamoto | Physics Department

SRR )
POFEDEDOY; 0w TEAM 1
Quantum Field Theory for Non Specialist part I

EEOBRmENE .

AR PV SIRD, N AT Y T2 L7208 03I1279 42 - TGV CFHFREN TA 9y 7 hBEArsER6D
w7 b, T L CRIGDOFRTEANEE L,

COMFTETA Ty X FETERD

Starting from 4-vectors, we will proceed without skipping logical steps to Klein-Gordon equation, Dirac equation, their
quantization, and calculation of interactions. This course deals with materials up to Dirac equation.

I OFEE R : )
B Om TR0 LBENPE &2 B L, TN 2 3RSl 2 O EIH R 2 MR 2 F, S o#RIIEAROFLEHTTH S,
To understand the basic concepts of Quantum Field Theory, and to become able to calculate simple decay rates etc.
based on it. This course is the part I of the whole.

BEONE - FEELETFE )

Web IS 7zi#% /  — M2 KH 7Y Y P LTHRHZ, LAR— MNIEEOEELR —IR. T IGIE 2 282 W53 %,
?‘i‘ib:é\ftﬂﬁ? LU A= rxeaTRenud, Z2IZ9HLU LSl LOHEZERKTESIETTH S, Z0#EHRITEROF RS
ThHbo

Students print out the lecture note posted on web and bring to the class. Homework is the essential part of the
course. Active questions and discussions are encouraged during the class. If you come to all lectures and do all
homework's, more than 90% of the students should be able to achieve the goal above.This course is the first half of the
whole.

BRERELUOEEE
5%%/ _ }‘ 75_' web L:j:%i‘zo
Lecture note posted on web.
FAETHBD % |
LR — b &k,
Homework and final exam.
ZFDfth :

yvhitoshi@epx.phys.tohoku.ac.jp
022-795-6730
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Course Semester/Credits Instructor Affiliation

Basic Nuclear Phy51cs Fall Semester Associate Professor

(B TR | 2 Credits Satoshi N Nakamura Nuclear Physics Group

Course Title : .
Introduction to nuclear physics

Purpose/Abstract :

Modern nuclear physics is the study of many-body system interacting by the strong interaction. Based on a picture
which treats a nucleus as multi-quark system or hadronic system, basic introduction to the modern nuclear physics will
be given. Based on the recent experimental techniques and results, it will be discussed how we understand behavior of
materials under extreme conditions like early universe or deep inside of neutron stars.

Goal :
The goal of this lecture is to learn basic concept of modern nuclear physics and recent research techniques.

Contents :

1. Definition of nuclear physics in this course and basic terminologies necessary for nuclear physics study will be

explained.
Mass of nucleus and binding energy of nucleon will be discussed.

3. Lifetime of radio isotopes, radiation and radiation effects to health will be explained. Course participants will
discuss about the Fukushima accidents.

4. Iso-spin and charge symmetry of nuclear force will be discussed.

5. Electron scattering experiments and exotic atoms will be discussed.

6. Rosenbluth formula and experiments to measure form factors will be discussed. Relation between the results of
those experiment and charge distribution of nucleus will be discussed.
. Quasi-elastic scattering and nuclear resonances will be discussed.

8. Deep inelastic scattering and structure function will be discussed.

9. Quark model and Baryons will be explained.

10. Baryon magnetic moment and color in QCD will be explained.

11. Nuclear force, Fermi gas model and neutron stars will be discussed.

12. Shell model and hypernuclei will be discussed.

Books required/referenced :

No textbook will be used. Resumes with necessary information will be given in the course. If you want to study
modern nuclear physics more, following reference books are recommended.

Bogdan Povh et al. “Particle and Nuclei”, Springer.

C.A Bertulani, “Nuclear Physics in a Nutshell Princeton U. Press

W.R.Leo, “Techniques for Nuclear and Particlé Physics Experiments”, Springer

Grading :
Evaluation will be based on class participation, quiz during each lecture and the final exam.

Remarks :

Course Semester/Credits Instructor Affiliation
Prli\?ecélt)igi OSfc{a(ttr:r}inand Fall Semester Kazuaki Iwasa, Department of Physics, Faculty of
(X3 i T ﬁH o) 2 Credits Associate Professor | Science

Course Title : o
XM - TR B S 4% Principles of X ray and Neutron Scattering

Purpose/Abstract :

In the field of materials science, neutron and x-ray scattering have been essential techniques to elucidate
microscopic structures of materials, in particular electronic states. Current statuses of x-ray and neutron
scattering facilities are to be presented at the beginning of this lecture. The basic theory of diffraction and
scattering will also be given. Then, it will be followed by how x-ray and neutron are provided for the structural
studies, and how these techniques are used in complementary way in the current topics of condensed matter
physics.

Goal :
Students must have knowledge of scattering techniques for structural analysis, in order to select a suitable
one for their own research subject during the course of Graduate School.

Contents :
Contents of lecture
(1)Introduction to Structural Studies of Materials
(2)Experimental Instruments for Neutron Scattering (Neutron Sources by Steady Reactors and Accelerators)
(3)Theory of Neutron Diffraction and Scattering
(4)Elastic and Inelastic Neutron Scattering
(5)Studies of Material Structures and Magnetism by Neutron Scattering
(6) Application of Polarized Neutron
(7)Experimental Instruments for X-ray Scattering (Conventional Source & Synchrotron Radiation Facility)
(8)Studies of Materials Structure and Magnetism by Synchrotron X-ray Scattering
(9)Studies of Strongly Correlated Electron Systems by Resonant and Nonresonant X-ray Scattering

Books required/referenced :
No textbook is used, and some references are given during the lecture.

Grading :
Quality of reports and attendance will be taken into account.

Remarks :
Lectures on every Tuesday 10:30-12:00 in the second semester.
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Course Semester/Credits Instructor Affiliation

. . ~ I L R €53
Ba(S&% ﬁgﬁ?ﬁgﬂ %,S;I)lce gacll ng R Takafumi Sato, Physics, Department
T redits Associate Professor

Course Title :
Basic Concepts in Solids

Purpose/Abstract :
Fundamental concepts of solid state physics, such as phonon, band dispersion, Fermi surface, and
superconductivity

Goal :

Contents :
This class is open only to foreign students from abroad, therefore expected to be a mini-class.

Books required/referenced :
Standard textbooks of solid state physics (e.g., “Solid-State Physics, An Introduction to Principles of
Materials Science”, Harald Ibach, Hans Luth)

Grading :
Not yet fixed

Remarks :
E-mail address: t-sato@arpes.phys.tohoku.ac.jp
If you want to take this course, please visit or send an e-mail to Prof. Sato in advance (Room # 310).

BERB A FAFESEHR - B HUHE K4 r B & E %5
o BTMDEMHRER | | 2y il WS e

(Physics of Photon and 2 B W2 H I Physics

Electron Excitation) Shozo Suto Professor

[ A ?-%EEL O 7t o #Eph#e (Elementary excitations at solids, surfaces and interfaces)

BEQOBMCIEE A

JERETE. BUR, RENOF 2 EEICB U BEREZIRL DICER T —T L 5Tk, RiKTIX, T b
DIV & LoD T B bt 2 A 12, FEERIYMNT 2 0 IZah R % o

This course will introduce the fundamental concept of solid state physics, surface physics and the physics of nano-
structures. Then, this course will discuss the electronic states and elementary excitations.
FEOIEBIE .

1. FhlRoOZREEHLIFCTCEL X H 12k 5,

2. - BTRAEHAWZEZEOBII FEIEMCTEX L XI5,

3. FEISEMEE e (k,w) PEFTED L% %,

To understand how the solids, surfaces and nanostructures behave under external influences.

BEORNE - HIEEEETFE
1. FhkiZowT 2. L& bk & oM EAEH 3. T E R & oM EAEH
4. L BETRUCEZEROZIEOBIM : 7+ 7 v, K—=Fvay, =X by, TIXEY, KFY by, w7/ U5
5. &E - PSRRI IS BT S R O fH
6. F /M BIMR Y. 795 —1L ¥, BT Ky b) 2B 5ol 7. WA OHME
(1)Overview of the elementary excitations in metal and semiconductor surfaces
(2)Surface structures
(3)Electronic structure and elementary excitations at surfaces
(4)Growth of metal and semiconductor nano-structures
(5)Electronic structure and elementary excitations at nano-structures
(6)Current topics
(7)Summary
HRELLUBEE .
AR E AT B,

Introduce in class.

ARABEHE DA E ¢

HE M S R— b

Evaluation will be based on attendance and reports.
FDfth :

TEL: 795-7751, E-mail: suto@surface.phys.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation

AdVanf)%(}i]SSi(E:tiStical Spring Semester | Prof. Sumio Ishihara Department of PhysicsJapan Atomic

Goeat Bl 2 052 2 Credits Visiting Prof. Toru Sakai | Energy Agency

Course Title :
(Ishihara) Introduction of quantum statistical physics, (Sakai) Introduction to Quantum Spin Systems

Purpose/Abstract :

(Ishihara) Quantum statistical physics in electron and lattice systems in solids. Introduction of theoretical
methods in quantum field theory and many body physics.

(Sakai) Introduction of various interesting phenomena: quantum phase transitions, spin liquids, spin gap,
chiral orders etc. which occur in the quantum spin systems.

Goal :

(Ishihara) Learning of quantum field theory in quantum statistical physics and many body physics.

(Sakai) Understanding the mechanism of various interesting phenomena in the quantum spin systems with
methods of the quantum statistical physics.

Contents :

(Ishihara) (1) Introduction of quantum field theory, (2) Spontaneous symmetry breaking, (3) Green function
method, (4)Magnetism and transport in correlated electron system

(Sakai) (1) What is the quantum spin system? (2) Long-range orders and phase transitions (3) Spin wave (4)
Recent topics

Books required/referenced :

(Ishihara) N. Nagaosa: “Quantum field theory in condensed matter physics” (Springer), G. Mahan: “Many
particle physics” (Springer)

(Sakai) K. Kubo, H. Tanaka: “Magnetism I” (Asakura)

Grading :
Report and attendance

Remarks :
(Ishihara) Phone: 795-6436
e-mail: ishihara@cmpt.phys.tohoku.ac.jp

Course Semester/Credits Instructor Affiliation
Basic Solid State Physics & o2 02 g
Statistical Physics Fall Se.m R Riichiro Saito, Deoartment of Physics
(ﬁ(%%{%ﬁ%) 2 Credits Professor

Course Title :
Basic Solid State Physics & Statistical Physics

Purpose/Abstract :

In the lecture, we overview the basic solid state physics. The subjects in this lecture are as follows:
Crystal structure of solid
Electronic structure of solid
Phonon structure of solid
Free electron model for physical properties
Magnetism
Optical properties of solid
Electron-electron interaction
Electron-phonon interaction
Transport properties

©
BWN— ©0ONGUIA W

The basic concepts of solid can be explained by equations and values.
The students can plot the properties in a graph.

The students can make a powerpoint presentation file for home works.
The students can answer the questions by LaTeX.

Contents :
The lecture will be given in the ppt file.

Books required/referenced :
Any solid state physcis textbook should be read.
We do not specify the textbook. But in the lecture, some textbook is recommended.

Grading :
The mid-term and final examinations and solving the questions are points that the students can get.

Remarks :
After the IGPAS orientation is finished, we will start from October.
http://flex.phys.tohoku.ac.jp
is the web pages for the lecture.
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Course Semester/Credits Instructor Affiliation

Physics of Electrons | g, Semester Gerrit E. W. Bauer
in Metals

(@R T i) | 2 Credits W ke desg | ST

Course Title : B
S)EBE WP YRGE  (Physics of electrons in metals)

Purpose/Abstract :

These lectures address the physics of the electronic structure and transport in condensed matter materials
and devices. We will discuss first the basic notions and apply then to (anti)ferromagnets and its
heterostructures, correlated electron systems, spintronics, etc.

Goal :

The lectures should lead to better and applicable understanding of the solid state. We therefore teach the
quantum mechanics of many-body systems as well as its application to understand experiments and modern
electronic nanodevices.

Contents :

Second quantization (bosons and fermions),
Density matrix for many-particle states,
Linear response theory and Green functions,
Conductivities,

One-dimensional electron systems,
Luttinger liquid theory (bosonization),
Landauer-Buttiker formalism,

Ferromagnets and antiferromagnets, Landau-Lifshitz-Gilbert equation,
Magnetoelectronics (statics and dynamics),
Spin Hall effects,

Spincaloritronics

FSO®PNOOR W

Books required/referenced :
A. L. Fetter, J. D. Walecka, “Quantum Theory of Many-Particle Systems”;
T. Giamarchi, “Quantum Physics in One Dimension”;

Grading :
Report and attendance

Remarks :
Lectures are partially given in English.
Email address: nomura@imr.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation

Galactic Astronom Fall Semester Masayuki Akiyama

(S PR 5 T 2 Credits Associate Professor Astronomical Institute

Course Title :
Formation and evolution of galaxies revealed by observational approach

Purpose/Abstract :

Recent observations with large ground-based / space telescopes revealed various aspects of
formation and evolution of galaixes. In this lecture, by reading fundamental science papers, understand
the physical processes related to the formation and evolution of galaxies revealed by observational
approach. The method of observational astronomy, technologies of observations, and the current limit
of observational approach will be summarized.

Goal :

The goals of the lecture are 1) understand the “observed” properties of galaxies in the local
universe, including AGNs, 2) understand the “observed” evolution of the properties in the cosmic
history, and 3) overview methods of the observations and instruments. I expect you will be used to 1)
reading English papers, 2) English wording in the field of astronomy, 3) summarizing papers, and 4)
explaining in English.

Contents :

Every lecture covers a topic in the field of Galactic Astronomy. An attendee will be assigned to
make a summary and presentation on a selected seminal paper related to the topic. I will explain the
background and current status of the topic.

Books required/referenced :

Grading :
Every attendee need to read one of the selected papers and make presentation on the paper. The
score will be determined by the presentation.

Remarks :
Webpage for the lecture is available from http://www.astr.tohoku.ac.jp/~akiyama/index_Lec_GAL.html
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Course Semester/Credits Instructor Affiliation

Advanced Lecture on : .
Solar System Physics Spring Semester | Prof. Planetary Plasma and Atmospheric

(gt S gy B 2 2 credits Takahiro Obara Research Center

Course Title :
Physical interpretation of interesting phenomena in the solar system and basic physics that needed
to understand them.

Purpose/Abstract :

This year we will treat solar-planetary environment, paying a particular attention to the sun, inter
planetary space and planetary environment, to get a deep understanding of the structure and
dynamical behavior of the solar-planetary environment system.

Goal :

Recent progresses of the solar system study will be demonstrated together with basic physics. By
joining this class, graduate students will get basic knowledge about solar-planetary environment, which
will be applicable to the individual research in the solar system science.

Contents :

We will explain, at first, solar phenomena which affect the interplanetary space as well as the
planetary environment. We will then discuss space environment in the vicinity of the Earth, followed
by the other planetary environment in the solar system.

Books required/referenced :
Books for reference will be introduced at the class. Some materials will be provided and we will not
use a fixed textbook.

Grading :
Attendance, submission of reports, and activity on discussion at the class will be considered for
evaluation.

Remarks :
Tel: 022-795-3794, Fax: 022-795-6406
e-mail: T.Obara@pparc.gp.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation

Advanced Space il Qemesies Prof. Takayuki Ono Graduate School of ScienceGraduate
Plasma Physics 1I 9 Credi A. Prof. Atsushi Kumamoto | School of SciencePlanetary Plasma
(EH2ER T T AT redits A, Prof. Hiroaki Misawa and Atmospheric Research Center

Course Title :
Advanced Space Plasma Physics

Purpose/Abstract :

Due to significant expansion of the geophysics in the last century, the space plasma physics became to be
one of the major scientific interest of our planet. This lecture on the space plasma physics introduces basic
physical processes of the space plasma surrounding the Earth and planets in the solar system. It treats
elementary equations of plasma particles and fields, and examples of observation results. It starts from the
equation of motion of charged particles on the electromagnetic field, and expands to description of electron and
ion plasma waves and wave-particle interactions observed in the ionosphere, plasmasphere, and magnetosphere
by using spacecraft and remote sensing.

Goal :
The goal of the lecture is to obtain understanding of basic plasma physics and measurement method of space
plasma.

Contents :
Contents :
Definition of plasma and the condition
Basic parameter of plasma and the physical description
Debye Shielding
Langmuir characteristic
Observation of plasma waves
Density and temperature of plasma
. Direct (in-situ) observation and remote sensing
Method :
Weekly lecture
Books required/referenced :
Original text is prepared.
Bibliography :
T.H. Stix “Waves in Plasma”
F.F. Chen “Introduction to Plasma Physics”
W. Baumjohann and R.A. Truemann “Basic Space Plasma Physics”
R.A. Truemann and W. Baumjohann “Advanced Space Plasma Physic
T. Ono and Y. Miyoshi “Solar Terrestrial and Space Plasma Physics” (in Japanese)
Grading :
Achievement is evaluated by taking into account attendance and reports.
Remarks :
E-mail: ono @ stpp.gp.tohoku.ac.jp

NO U W~

Course Semester/Credits Instructor Affiliation

. Weiming Sha .
Advanced Meteorology Spring Semester . g Department of Geophysics
(R | 2 Credits SSociate PROSSOT | b fl sk Bzl

N

Course Title :
Numerical Methods for Meteorology

Purpose/Abstract :

Most of the problems under investigation in the atmospheric science involve fluid systems with rotation and
stratification. The equations governing these fluids are often nonlinear, and their solutions have to be obtained
by solving the equations with appropriate numerical methods. The lecture provides an introduction to the
numerical methods by reading the following textbooks. Throughout the lecture, focus is on various temporal
and spatial differential schemes used to the partial differential equations governing the atmospheric fluid. Also
included are discussions on issues of the numerical instability and initial-boundary condition problems.
Numerical examples are learned to establish a link between the computational techniques and the
meteorological dynamics.

Keywords :

Rotating and stratified fluids, Meteorological Dynamics, Computational fluid dynamics, ordinary and partial
differential equations, Temporal and spatial differential scheme, Numerical instability

Goal :

Contents :

Books required/referenced :
1. Numerical Methods for Wave Equations in Geophysical Fluid Dynamics, Dale R.Durran, 1999,Springer.
2. Computational Methods for Fluid Dynamics, Joel H.Ferziger and Milovan Peric,1997,Springer.
3. Numerical Heat Transfer and Fluid Flow, Suhas V. Patanker, 1980, Hemisphere Publishing Corporation.

Grading :
Presentation, Report and Class Participation

Remarks :
Tel.: 022-795-5783
E-mail:sha@wind.gp.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation

Advanced Inorganic )
Chemistry Spring Semester

. Professor Nagao Kobayashi | Functional Molecular Chemistry Laboratory
(S AL %% A1) | 2 Credits

Course Title :
Inorganic Chemistry and Bioinorganic Chemistry

Purpose/Abstract :
To understand d-metal complexes, the electronic spectra of metallocomplexes, and elements of living
systems and heme enzymes.

Goal :

At the end of this course, students are expected to understand binding, electronic structure and
reactions of d-metal complexes, electronic spectra of complexes, and elements of living systems and
functions and structures of some heme enzymes.

Contents :
Lectures, exercise, and reports of the following subjects:
1. Representative ligands, bonding and electronic structure, and reactions of d-metal complexes.
2. The electronic spectra of atoms and complexes, and bonding and spectra of M-M bonded
compounds.
3. The elements of living systems and functions and structures of some heme enzymes.

Books required/referenced :
D. F. Shriver and P. W. Atkins, Inorganic Chemistry, Oxford University Press, 3rd or 4 th edition.

Grading :
Small examinations and reports (60%), and class participation including required attendance (40%)

Remarks :
Chemistry Building B, 2 F, Lecture room 3. Every Wednesday from 10:30 to 12:00.

Course Semester/Credits Instructor Affiliation

Advanced Inorganic Fall Semester Soji SHIMIZU

Chemlst ,_X . Functional Molecular Chemistry Laboratory
iR V2 IV 2 Credits Lecturer

Course Title :
Inorganic Chemistry

Purpose/Abstract :

In order to enhance understanding of what students learn in Advanced Inorganic Chemistry III, this
course will provide advanced topics of inorganic chemistry including 1) electronic properties (ligand-
field and spin-orbit coupling, electronic spectra, and molecular magnetism), 2) electron transfer, and
3) new trends in modern coordination chemistry.

Goal :
At the end of this course, students are expected to master basic background of the modern inorganic
chemistry.

Contents :
1) Electronic properties (ligand-field and spin-orbit coupling, electronic spectra, and molecular
magnetism)
2) Electron transfer (mechanism of redox reactions and mixed-valence systems)
3) New trends in modern coordination chemistry (supramolecular coordination chemistry,
photochemistry, and biocoordination chemistry)

Books required/referenced :

Grading :
Examination and reports

Remarks :
Chem. Students Lab. [H-22] 2F Lecture room 3
Wednesday, 2 nd class

_63_




Course Semester/Credits Instructor Affiliation

Advanced Organic

) Fall Semester Gridnev Ilya . T o 2
CeAih e e 1) | 2 Credit ek PUBATRAL TS

Course Title :
History of Chemistry

Purpose/Abstract :

The lectures will cover development of Chemistry as a science, history of the main ideas and basics
of the modern chemistry, development of the synthetic and analytical methods, appearance and
changes of the important concepts. Each topic will be connected to the modern state of research in the
field.

Goal :
Students are supposed to learn the history of chemistry and develop abilities on the critical analysis
of the ideas and concepts used in the modern research.

Contents :
8. Kinetics and Thermodynamics.
9. Organic chemistry.
10. Inorganic and Organometallic chemistry.
11. Catalysis.
12. Polymers.
13. Biochemistry.
14. Environmental Chemistry.

Books required/referenced :
Trevor H. Levere: “Transforming Matter: A History of chemistry from Alchemy to the Buckyball”
Original papers and reviews (copies provided by the teacher)

Grading :
Attendance to the classes Each student makes a class presentation on a topic chosen from the
suggested or on his/her own choice. The paper will be discussed with the teacher.

Remarks :
Tel. 6603
Email igridnev@m.tohoku.ac.jp

Course Semester/Credits Instructor Affiliation
Advanced Organic : c
Chemistry 11 | SPring Semester | Grdnev [lya BT AT B2 B g
(G AL 245 V) TR ez

Course Title :
History of Chemistry

Purpose/Abstract :

The lectures will cover development of Chemistry as a science, history of the main ideas and basics
of the modern chemistry, development of the synthetic and analytical methods, appearance and
changes of the important concepts. Each topic will be connected to the modern state of research in the
field.

Goal :
Students are supposed to learn the history of chemistry and develop abilities on the critical analysis
of the ideas and concepts used in the modern research.

Contents :

Chemistry among other sciences. Early findings, ideas, theories.
Atomic hypothesis and its development.

Binding and Structure.

The Electron and electronic structure of matter.

Elements: nature, number and discovery.

Periodic Table and Periodic Law.

Analytical, instrumental, and spectroscopic techniques.

NOU AW

Books required/referenced :
Trevor H. Levere: “Transforming Matter: A History of chemistry from Alchemy to the Buckyball”
Original papers and reviews (copies provided by the teacher)

Grading :
Attendance to the classes Each student writes a short paper on a topic chosen from the suggested
or on his/her own choice. The paper will be discussed with the teacher.

Remarks :
Tel. 6603
Email igridnev@m.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation

Advanced Physical | paj Semester Hideaki Takahashi
Chemistry I

G e 1) 9 Credits Associate professor Department of ChemistryFaculty of Science

Course Title :
Introduction to Quantum Chemistry

Purpose/Abstract :

The course will introduce the fundamental principles of the quantum mechanics. It will present the
solution of the basic equation in quantum mechanics for understanding simple one-particle quantum
systems. Further, the methodologies to solve many-particles systems will be discussed on the basis of
the mean-field approximations for the applications of quantum mechanics to chemical reactions.

Goal :
Understand the fundamental principles of the quantum mechanics and the mean-field approximation
used to solve the Schrodinger equations for many-electrons systems such as atoms and molecules.

Contents :
Following subjects will be presented:
1. Fundamental principles in quantum mechanics
2. Applications to one-particles systems
3. Electronic structure in atoms
4 . Molecular orbitals and mean-field approximation

Books required/referenced :
D. A. McQuarrie and J. D. Simon “Physical Chemistry: A molecular approach”
P. W. Atkins “Physical Chemistry”

Grading :
Examination, attendance, and reports
Remarks :
Course Semester/Credits Instructor Affiliation
Advanced Physical : .
Chemistry VI Spring ‘Semester Yutakg Shibata Department of Chemistry
(S BIAL 220 2 VT ) 2 Credits Associate Professor
Course Title :
Application of Physical Chemistry to the Life Science
Purpose/Abstract :
To understand biological processes on the basis of physical chemistry
Goal :

To understand how concepts in physical chemistry explain the properties of biomolecules and their
biological processes mainly related to photosynthesis

Contents :
Lectures, exercises, and reports of the following subjects:
1) Quantum mechanics and thermodynamics relevant to the structures and dynamics of
biomolecules
2) Basic Concepts of Chemical Kinetics of biological processes
3) Molecular energetics in life science
4) Light-matter interactions in biological materials

Books referenced :
1) Herbert van Amerongen, Leonal Valkunas, and Rienk van Grondelle “Photosynthetic Excitons”
2) Robert E. Blankenship “Molecular Mechanisms of Photosynthesis”

Grading :
Presentation, submitted reports, and asking questions in class

Remarks :
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Understand geographical phenomenon, concepts and key terms in both English and Japanese
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Course Semester/Credits Instructor Affiliation

Rock and Mineral .
Science TI Spring Semester | Prof.

e L 9 Credits o e— Graduate School of Science

Course Title :
Rock and Mineral Science 11

Purpose/Abstract :
This lecture will cover fundamentals of stable isotope geochemistry and its application to the ore
gensis. Geological background is not necessary to register this class.

Goal :

Contents :

(1) General Concept for the stable isotopes, (2) stable isotopes of H,O, (3) stable isotopes for CO,, (4)
Stable isotopes for S, (5) kinetic isotope fractionation vs. equilibrium isotope fractionation, (6) application
of stable isotope geochemistry to ore genesis 1 (syubmarine hydrothermal deposits etc.) (7) application
off stable isotope geochemistry to ore genesis 2 (diamond, carbonatite and skarn), (8) application of
stable isotope geochemistry to genesis of oil and natural gas.

Books required/referenced :
hand outs will be prepared

Grading :
attending points and term papers
Remarks :
kakegawa@m.tohoku.ac.jp
Course Semester/Credits Instructor Affiliation
Origin of the Earth il o
and Life T all Semester rof. .
(3R - ARy 1) 2 Credits Takeshi Kakegawa Graduate School of Science
(A e Bk A 1)

Course Title :
Origin of the Earth and Life 1

Purpose/Abstract :
Problem of the origin of life is reviewed in this lecture.

Goal :

Contents :

(1) Origin and age of the Earth, (2) Origin of the atmosphere and hydrosphere, (3) Origin of the
continents, (4) Classic theory for the origin of life (Oparine-Urey-Miller), (5) Submarine hydrothermal
theory, (6) Evidence for the earliest life, (7) Cyanobacteria-oxygen generation, (8) Banded iron formation
and ancient ocean chemistry, (9)Snowball Earth-global glaciation

Books required/referenced :
Handouts will be prepared.

Grading :
Attending points and term papers

Remarks :
kakegawa@m.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation
Origin of the Earth | g, Semester Assoc. Prof. Dept. Earth and Planetary Material
and Life II . . . .
(HuJk - A= drajEaz 1) | 2 Credits Motohiko Murakami | Sciences
Course Title : Univ. museum tour

Introduction to Earth and Planetary Science

Purpose/Abstract :

This is an introductory geology program to understand the
Earth dynamics. The constituents of the Earth (minerals and
rocks, and their geochemical roles) will be taught, and the
structure of the Earth and driving forces for the Earth
dynamics (volcanic activities, earthquake, hot spring activities)
will be discussed.

A short field trip around Tohoku Univ., a university museum
tour, and an ultra high-pressure laboratory tour are planned. It
will be also discussed how life was flourished in the early Earth
and how they co-evolved with the Earth.

Goal :

Contents :
01. Big picture of the Earth
Surface Topography & Internal Structure of the Earth
Plate Tectonics - Today's Paradigm
02. Geological Histry of the Earth
03. Minerals and Rocks1:
Chemistry and framework of some basic rock-forming
minerals Introductory crystallography
04. Minerals and Rocks 2:
Introduction to petrology:
Origin and classification of Igneous, sedimentary &
metamorphic rock
05. Minerals and rocks 3 :

06. Introduction to Volcanology:
Shape and structure of volcanoes, eruptive materials,
mechanisms of volcanic eruptions, volcanic hazards
07. Short filed trip around Tohoku Univ.
Sampling of beta-Quartz crystals from pyroclastic
deposits An outcrop of shell-fossil layer and unconformity
08. Some Basic Concepts in Igneous Petrology and
Geochemistry

09. General Geochemistry

10. Diamonds, kimberlites and mantle xenoliths

11. Deep structure of the Earth

12. How to simulate the Earth: Introduction to the
experimental petrology

Ultra high-pressure lab. tour (@Aobayama Campus)

13. Volatiles in the Earth’s interior

14. Origin and Evolution of Life

Books required/referenced :

The following textbook will be used as a reference;

The dynamic Earth: An Introduction to Physical Geology 4 th
ed.

Skinner, Bj., and Porter, S.C.

Wiley, NewYork, 1999

Grading :

attendance, report, discussion in the classes

Remarks :

BH%EHNB A FFEHA - B HYUKBE K4 R B # B F
Geograph 14 WU
(R o M B B dEBCE | TSI
RERER
Geography of Japan
REOBMEBIE :

Understand geographical phenomenon, concepts and key terms in both English and Japanese
through reading a textbook on Geography of Japan. Intended as a first step to reading Japanese

literature in geography for overseas students.

FEINFEAIZ & o TEBEAIT® 4 & b 5 HARMGES 2 WGh T 0N, MBS 235, B, MG

Yol & HARGEOM ) THR S 50 FEEET. HAMRERHIL Y2 KM L 720D H—

FEDOEEER

g R A3

- Read Japanese literature on geography, understanding the geographical background of the region

in question

- M PREE G & PRl TR,
BEOAR - HIEEEETFTE :

i SLEHES B o

Students will summarize and present the allocated chapters from the textbook below, while Japanese
equivalent to the phenomenon, concepts and key terms are discussed during the class.

YEh O H ARMFE O #HFLF 2 454 L TR -
‘/ » ( Bi \j— Z) o
HRZHFLUOBEE

Textbook (purchase not mandatory),

S -
PRABEF D%

ALE (B - 383 100%
FOfth :

Monday, 5th period

FERL, BHR - W&

HMHEEZ HAGECTRILT 2555120

R (AR
=S - rpATFIRE 2009 “Discovering Japan: a New Regional Geography”™, 7% &b
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Course Semester/Credits Instructor Affiliation

Field Science I Spring Semester | Prof. .
(74 =W FH ALY R]T) | 1 Credits Takeshi Kakegawa Graduate School of Science
Course Title :

Field Science 1

Purpose/Abstract :

This is the advanced field exercise course only for foreign students. Some knowledges for
mineralogies and petrologies are pre-requisite for taking this course. The schedule is announced later.
Please consult to instructors before your registration.

Goal :

Contents :

General knowledge of geology is required to take this course. One week intensive course, staying in
local towns in Kanto-Tohoku-Hokkaido areas. Instructors will arrange accommodations and
transportation. Please be aware that fees of accommodations and meals will be charged to all attendees.

Books required/referenced :

Grading :
Attending points and report

Remarks :
kakegawa@m.tohoku.ac.jp
Only for IGPAS student

Course Semester/Credits Instructor Affiliation
Field Science I Fall Semester Assoc. Prof. .
(74—=IVFH AL 1) | 1 Credits Takeshi Kakegawa Graduate School of Science
Course Title :

Field Science I

Purpose/Abstract :

This is the one week fied excursion course. This course will be done jointly with undergraduate
course. Advanced knowledge for the geology is required to attend this course. Costs for housing and
foods during this trip need to be covered by your own reposnsiblity. Only geosciemce major graduate
students from foreig country can register this course.

Goal :

Contents :
We stay at local towns in Tohoku-Hokaido areas for one week during regular semester. Costs for
travel will not be covered by university and should be done by your own responsibility.

Books required/referenced :

Grading :
Attending points are important.

Remarks :
kakegawa@m.tohoku.ac.jp
Only for foreign students
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Course Semester/Credits

Instructor

Affiliation

Fall Semester
2 Credits

Fronti@rs in §£ience I
(FHFADRRTHHR )

Associate Prof. Norihiro Nakamura
Prof. Akira Ochiai

Associate Prof. Ryota Hino

Prof. Toru Yamada

Prof. Masahiro Yamashita
Associate Prof. Kouichi Hagino
Prof. Masayoshi Takeda

Prof. Takahiro Obara

Prof. Yujiro Hayashi

Earth Science
Physics
Geophysics
Astronomy
Chemistry
Physics
Mathematics
Geophysics
Chemistry

Course Title :
Frontiers in Science I

Purpose/Abstract :

This is a course introducing recent topics in various areas of
science. Lectures are given by 9 faculty members from all the
departments (Mathematics, Physics, Astronomy, Geophysics,
Chemistry, and Earth Sc1ences) in Graduate School of Science. Each
faculty member discusses up-to-date topics in his specialty. The
lectures are prepared for non-experts and thus this course is an
outstanding opportunity to obtain familiarity with areas other than
the students’ specialties. The class meets every Wednesday, 4:20-
5:50 pm and each faculty member lectures in the week according to
the schedule listed below.

Goal :
Below is a list of dates when the class will meet and the names of
respective lecturers.
Oct. 16 Guidance, Earth Science
Associate Prof. Norihiro Nakamura
Oct. 23 Physics Prof. Akira Ochiai
Oct. 30 Geophysics Associate Prof. Ryota Hino
Oct. 6 Astronomy Prof. Toru Yamada
Nov. 13 Chemistry Prof. Masahiro Yamashita
Nov. 20 Physics Associate Prof. Kouichi Hagino
Nov. 27 Mathematics Prof. Masayoshi Takeda
Dec. 4 Geophysics Prof. Takahiro Obara
Dec. 11 Chemistry Prof. Yujiro Hayashi
Dec. 18 Mathematics Prof. Masayoshi Takeda

Contents :

Date: October 16, 2013

Lecturer: Norihiro Nakamura, Associate Professor in Earth Science

Title: Snowball Earth, Geomagnetic Field and Evolution of Life

Abstract: Long time ago, Earth was covered by ice on a whole
planet even in equator as long as tens of millions of years, called
Snowball Earth hypothesis. Our planet had experienced this cold
severe environment only twice (2.2 and 0.7 billion years ago). When
the ice cover melted, eukaryote and animal are suddenly evolved. In
this lecture, I introduce you a wonderful coevolution of Earth and life.

Date: October 23, 2013

Lecturer: Akira Ochiai, Professor in Physics

Title: Magnetism

Abstract: The magnetism is one of the physical phenomena known
from the ancient times; however the magnetism had not been
understood intrinsically until 20th century because it is ascribed to
the quantum phenomena. In this lecture, fundamental issues of the
magnetism will be introduced. Current topics related to the
magnetism will be also given.

Date: October 30, 2013

Lecturer: Ryota Hino, Associate Professor in Geophysics

Title: The 2011 Great Tohoku-Oki earthquake: Mechanisms of
massive earthquake and tsunami

Abstract: On Mar. 11, 2011, a massive earthquake of magnitude

(M) 9.0 occurred along the Japan Trench subduction zone, to cause
devastating damage over the wide area in eastern Japan. The
earthquake was a kind of a "surprised attack", because it has been
conceived that frequent occurrence of M < 8 earthquakes and
aseismic slip events release the strain caused by the subduction of
Pacific plate along the Japan Trench. In the lecture, I will show
results of intensive seismological researches to clarify how happened
the huge earthquake and the tall tsunami and try to explain why M9
earthquake happened in Tohoku.

Date: November 6, 2013

Lecturer: Toru Yamada, Professor in Astronomy

Title: Extrasolar Planets

Abstract: One of the biggest progresses in modern astronomy is
the discovery of extrasolar planetary systems. Since the first
discovery of an exoplanet in the system of 51 Peg in 1995, more than
1000 objects have been discovered so far. The variety of the
properties of the exoplanets, their formation process, and the future
prospects for their characterization including the earth-like planets in
habitable zone will be discussed.

Dates: November 13, 2013

Lecturer: Masahiro Yamashita, Professor in Chemistry

Title: Multi-Functional Single-Molecule Magnets and Single-Chain
Magnets: Toward Quantum Molecular Spintronics

Abstract: Single-Molecule Magnets and Single-Chain Magnets are
new molecule-based nano-magnets in 21 century. In the lecture, the

photo-induced magnets, conducting single-molecule-magnets, and
porous single-chain magnets which have multi-functionalities will be
shown. Then, the quantum molecular spintronics based on single-
molecule magnets will be shown, which include the negative
magnetoresistance, Kondo peak, field effect transistors.

Date: November 20, 2013

Lecturer: Kouichi Hagino, Associate Professor in Physics

Title: Physics of superheavy elements

Abstract: Elements beyond uranium are unstable, with rapidly
decreasing half-life for higher atomic numbers. However, there have
been theoretical predictions which suggest the existence of an island
of stability around the atomic number of 114 or 120, referred to as
superheavy elements (SHE). Many experimental efforts have been
devoted in order to search for this island of stability, mainly by
nuclear fusion reactions. In this lecture, I will overview the physics of
superheavy elements, including the present experimental status and
theoretical developments, as well as the chemistry of superheavy
elements.

Date: November 27, 2013

Lecturer: Masayoshi Takeda, Professor in Mathematics

Tit(le)i Partial differential equations from a probabilistic point of
view (I

Abstract: Stochastic processes have a wide range of applications
as mathematical models of random phenomena. In this lecture, after
giving an introduction to stochastic processes (Brownian motion,
Markov processes, martingales) and explaining fundamental
theorems in the modern stochastic analysis (Ito’s formula, Doob’s
optional stopping theorem, Feynman-Kac formula), we consider
solutions to Dirichlet problems and their probabilistic representations.

Date: December 4, 2013

Lecturer: Takahiro Obara, Professor in Geophysics

Title: Solar-Planetary Relations

Abstract: Sun and solar plasma phenomena will be explained,
paying a particular attention to the solar flare, solar wind, and inter
planetary shock, which affect the plasma environment in the vicinity
of the Earth and other planets. We will then explain detail physics
which occur in the planetary magnetosphere and ionosphere to get a
deep understanding of the solar-planetary relations.

Date: December 11, 2013

Lecturer: Yujiro Hayashi, Professor in Chemistry

Title: Importance of Organic Synthesis in Science

Abstract: There are a lot of organic molecules around us. Some of
them are rather complex with several stereocenters like medicine.
Chemists have to synthesize the desired molecules without by-
products via an effective and environmentally benign manner. In the
lecture, I will present our recent endeavor toward this goal with
some successful stories.

Date: December 18, 2013

Lecturer: Masayoshi Takeda, Professor in Mathematics

Tit(le)i Partial differential equations from a probabilistic point of
view (II

Abstract: Stochastic processes have a wide range of applications
as mathematical models of random phenomena. In this lecture, after
giving an introduction to stochastic processes (Brownian motion,
Markov processes, martingales) and explaining fundamental
theorems in the modern stochastic analysis (Ito’s formula, Doob’s
optional stopping theorem, Feynman-Kac formula), we consider
solutions to Dirichlet problems and their probabilistic representations.

Books required/referenced :

Grading :

Each faculty member decides his part of the grade by either
taking the attendance or assigning homework. The grade for the
course will be determined at the end of the semester by adding
grades from all ten faculty members. Your letter grade will be
decided in the following manner.

90-100% for the course guarantees AA.
80~ 89% for the course guarantees A.
70- 79% for the course guarantees B.
60- 69% for the course guarantees
(There are no passing grades below C)

Remarks :
Location of the classroom: Science Complex A 204
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Course Semester/Credits Instructor Affiliation

Special Topics in Fall Semester Yoji Akama

(%%?ﬁ%g%%né m) 2 Credits Associate Professor Iathematcalfiustite

Course Title :
Discrete geometry by Fourier analysis

Purpose/Abstract :

It is well-known that we can prove Kronecker’s approximation theorem and Minkowski’'s thorem of analytic number
theory is derived by Fourier analysis. We will see how these methods are developed to problems of discrete geometry.
Specifically, (1) we will derive a mathematical model of quasicrystals of physics, by Yves Meyer's method. Then, we will
study mathematically the diffraction pattern of quasicrystal, via pointwise Ergodic theorem (Baake, Robert Moody). On
the other hand, we will study the symmetry peculiar to quasicrystals. Then we will explain (2) how analytic number
theory is related to discrete geometry such as theory of packings and theory of uniform distribution.

Goal :
Fourier analytic proof of Kronecker’s approximation theory, Bohr’s compactification, Birkoff's pointwise ergodic
theorem, theory of packings

Contents :

Uniform distribution. Kronecker’s approximation thoerem. Minkowski's theorem. Bohr compactification. locally
compact Abelian group and Pontryagin duality. Harmonious set. Cut-and-project set. Delone set. The topological
dynamical system of points sets. Unique ergodic measure. Mathematical diffraction theory of quasicrystals with and
without probabilistic disturbance. Minkowski-Hlawka's theorem and packing theory.

Books required/referenced :
Reference:
[ 1] Yohji Akama and Shinji lizuka. Random Fields on Model Sets with Localized Dependency and Their Diffraction,
Journal of Statistical Physics, Volume 149, Issue 3, 2012.
[2] K. Chandrasekharan. Introduction to analytic number theory. Die Grundlehren der mathematischen
Wissenschaften, Band 148. Springer-Verlag New York Inc., New York, 1968.
[ 3] Peter M. Gruber. Convex and discrete geometry, Vol. 336 of Grundlehren der Mathematischen Wissenschaften
[Fundamental Principles of Mathematical Sciences]. Springer, 2007.
[4] Yves Meyer. Algebraic numbers and harmonic analysis. 1972. North-Holland Mathematical Library, Vol. 2.
Grading :
Reports
Remarks :
akama@m.tohoku.ac.jp
Office hour: 1600-1700, Wednesday (subject to change)

Course Semester/Credits Instructor Affiliation
Special Topics in | gy Semester Shigeki Aida . .
(ﬁ%f?%?%ﬁ?&sa%%mli ) 9 Credits Professor Mathmatical Institute

Course Title :
An introduction to additive processes

Purpose/Abstract :

After reviewing the basic notion in probability theory, we expalin the basic properties of Brownian
motion and Poisson process.

Also we explain the basic properties of sum of independent random variables and infinitely divisible
distributions.

Goal :
Understanding of basis of study of independent random variables, Brownian motion and Poisson
process.

Contents :
1. Definition of Additive process, examples
2. Additive process and infinitely divisible law,
3. Additive process and its generator

Books required/referenced :
Levy processes and infinitely divisible distributions, Ken-iti Sato,Cambridge studies in advanced
mathematics

Grading :
report

Remarks :
Friday second lecture
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Course Semester/Credits Instructor Affiliation

So?i%eg:itlflef’%ur;c%nﬂ 1 223 Prof. Toru Matsuzawa Research Center for Prediction of
(%ﬂhﬁﬁ%fiﬁ_iﬁyﬁﬁﬁﬁﬂ) 2 HApT Vis. Prof. Akira Hasegawa | Earthquakes and Volcanic Eruptions

Course Title :
Effect of water on the crustal activity in subduction zones

Purpose/Abstract :

Recent studies indicate that high pore pressure plays important role in the seismic activity on the
plate interfaces, in land areas and in the slabs. In this lecture, we explain why the high pore pressure
is thought to be needed in the seismic activity. We also introduce the latest models for the generation
of earthquakes such as the 2011 Tohoku earthquake.

Goal :
To understand the effect of water on the generation of earthquakes in subduction zones.

Contents :

We introduce the latest researches on the earthquake generation process on the plate boundaries, in
land areas, and in the slabs in the form of seminars and we expect that the students will obtain deep
knowledge of the process through discussion with the professors and other students.

Books required/referenced :

Handouts given in the lectures.
Grading :

Report and attendance
Remarks :

Contact information for Prof. Matsuzawa is:

Tel: 022-795-3928 (direct): Tel: 022-225-1950 (secretary office)

E-mail: matuzawa@aob.gp.tohoku.ac.jp
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Course Title :
EBR&E T OIEFEIE R

Purpose/Abstract :
By taking this course, students will learn how to give presentations in English at international
meetings.

Goal :
Students will be taught how to prepare and give presentations at international meetings.

Contents :
The course will include both lectures and short presentations by the students.

Books required/referenced :
There is no textbook

Grading :
Students will be evaluated on the basis of class attendance, which is mandatory, class participation,
and quality of their presentations.

Remarks :
igridnev@m.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation

b2 o o % IV gac“rfgitmsester Breedlove Brian HE2CH | SE{MLA2RIe s

Course Title :
g e

Purpose/Abstract :

YEFE T ORI 2 iim O KY) 72 1 & FRE .

This course is designed to give doctor course students an opportunity to use English to discuss
topics in science, especially chemistry. The primary goal of this course is to give students a chance to
develop their English conversation skills using scientific topics.

Goal :
To give students a chance to discuss science in English.

Contents :
This course will be a discussion course, and attendance and participation are mandatory. The course
involve discussions of each student’s research, research articles, and listening assignments.

Books required/referenced :
There is no textbook

Grading :
Students will be evaluated based their attendance and participation.

Remarks :
breedlove@m.tohoku.ac.jp

Course Semester/Credits Instructor Affiliation
Ad‘g‘gﬁ%‘i&}éﬁnisyx and | pring Semester | Professor Functional Molecular Chemistry
(Gefufp 2t EWE?‘%%HEI A) 2 Credits Nagao Kobayashi Laboratory

Course Title :
Inorganic Chemistry and Bioinorganic Chemistry

Purpose/Abstract :
To understand d-metal complexes, the electronic spectra of metallocomplexes, and elements of living
systems and heme enzymes.

Goal :

At the end of this course, students are expected to understand binding, electronic structure and
reactions of d-metal complexes, electronic spectra of complexes, and elements of living systems and
functions and structures of some heme enzymes.

Contents :
Lectures, exercise, and reports of the following subjects:
1. Representative ligands, bonding and electronic structure, and reactions of d-metal complexes.
2. The electronic spectra of atoms and complexes, and bonding and spectra of M-M bonded compounds.
3. The elements of living systems and functions and structures of some heme enzymes.

Books required/referenced :
D. F. Shriver and P. W. Atkins, Inorganic Chemistry, Oxford University Press, 3rd or 4th edition.

Grading :
Small examinations and reports (60%), and class participation including required attendance (40%) .

Remarks :
Chemistry Building B, 2F, Lecture room 3. Every Wednesday from 10:30 to 12:00.
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Course Semester/Credits Instructor Affiliation

Ad\glgii%mci}é%{nis%% and | pall Semester Soji SHIMIZU Functional Molecular Chemistry
GeslE- Ll 1 p) | 2 Credits Lecturer Laboratory

Course Title :
Inorganic Chemistry

Purpose/Abstract :

In order to enhance understanding of what students learn in Advanced Chemistry and Biochemistry
I A, this course will provide advanced topics of inorganic chemistry including 1) electronic properties
(ligand-field and spin-orbit coupling, electronic spectra, and molecular magnetism), 2) electron
transfer, and 3) new trends in modern coordination chemistry.

Goal :
At the end of this course, students are expected to master basic background of the modern inorganic
chemistry.

Contents :
1) Electronic properties (ligand-field and spin-orbit coupling, electronic spectra, and molecular
magnetism)
2) Electron transfer (mechanism of redox reactions and mixed-valence systems)
3) New trends in modern coordination chemistry (supramolecular coordination chemistry,
photochemistry, and biocoordination chemistry)

Books required/referenced :

Grading :

Examination and reports

Remarks :
Chem. Students Lab. [H-22] 2F Lecture room 3
Wednesday, 2nd class

Course Semester/Credits Instructor Affiliation

Advanced Chemistry and : ]
Biochemistry I A Spring Semester | Yutaka Shibata

(Geffp 2 LB 2 A) 2 Credits Associate Professor Department of Chemistry

Course Title :
Application of Physical Chemistry to the Life Science

Purpose/Abstract :
To understand biological processes on the basis of physical chemistry

Goal :
To understand how concepts in physical chemistry explain the properties of biomolecules and their
biological processes mainly related to photosynthesis

Contents :
Lectures, exercises, and reports of the following subjects:
1) Quantum mechanics and thermodynamics relevant to the structures and dynamics of biomolecules
2) Basic Concepts of Chemical Kinetics of biological processes
3) Molecular energetics in life science
4) Light-matter interactions in biological materials

Books referenced :
1) Herbert van Amerongen, Leonal Valkunas, and Rienk van Grondelle “Photosynthetic Excitons”
2) Robert E. Blankenship “Molecular Mechanisms of Photosynthesis”

Grading :
Presentation, submitted reports, and asking questions in class

Remarks :
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Course Semester/Credits Instructor Affiliation

Advanced Chemistry and

Biochemisiry I B Fall Semester Associate professor | Department of ChemistryFaculty of
(Gefaip 2. EW}S?%%%%H B) 2 Credits Hideaki Takahashi | Science
Course Title :
Introduction to Quantum Chemistrys
Purpose/Abstract :

The course will introduce the fundamental principles of the quantum mechanics. It will present the
solution of the basic equation in quantum mechanics for understanding simple one-particle quantum
systems. Further, the methodologies to solve many-particles systems will be discussed on the basis of
the mean-field approximations for the applications of quantum mechanics to chemical reactions.

Goal :
Understand the fundamental principles of the quantum mechanics and the mean-field approximation
used to solve the Schrodinger equations for many-electrons systems such as atoms and molecules.

Contents :
Following subjects will be presented:
1. Fundamental principles in quantum mechanics
2. Applications to one-particles systems
3. Electronic structure in atoms
4. Molecular orbitals and mean-field approximation

Books required/referenced :
D. A. McQuarrie and J. D. Simon “Physical Chemistry: A molecular approach”
P. W. Atkins “Physical Chemistry”

Grading :
Examination, attendance, and reports
Remarks :
Course Semester/Credits Instructor Affiliation

Advanced Chemistry and
- ﬁ&cl&eﬁ;&sﬁgﬁlﬂﬁ% R g%l:lrggnms SR Gridnev llya #E#ii2 | S ARILEFIER
il yilaidis =

Course Title :
History of Chemistry

Purpose/Abstract :

The lectures will cover development of Chemistry as a science, history of the main ideas and basics of the
modern chemistry, development of the synthetic and analytical methods, appearance and changes of the
important concepts. Each topic will be connected to the modern state of research in the field.

Goal :
Students are supposed to learn the history of chemistry and develop abilities on the critical analysis of the
ideas and concepts used in the modern research.

Contents :
8. Kinetics and Thermodynamics.
9. Organic chemistry.
10. Inorganic and Organometallic chemistry.
11. Catalysis.
12. Polymers.
13. Biochemistry.
14. Environmental Chemistry.

Books required/referenced :
Trevor H. Levere: “Transforming Matter: A History of chemistry from Alchemy to the Buckyball”
Original papers and reviews (copies provided by the teacher)

Grading :
Attendance to the classes Each student makes a class presentation on a topic chosen from the suggested or
on his/her own choice. The paper will be discussed with the teacher.

Remarks :
Tel. 6603
Email igridnev@m.tohoku.ac.jp
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Course Semester/Credits Instructor Affiliation

Advanced Chemistry and .
Biochemistry I C Spring Semester

g I o | 2 Credits Gridnev llya #E#03% | O ABEILF-AF7EE
Ll ziidis =

Course Title :
History of Chemistry

Purpose/Abstract :

The lectures will cover development of Chemistry as a science, history of the main ideas and basics of the
modern chemistry, development of the synthetic and analytical methods, appearance and changes of the
important concepts. Each topic will be connected to the modern state of research in the field.

Goal :
Students are supposed to learn the history of chemistry and develop abilities on the critical analysis of the
ideas and concepts used in the modern research.

Contents :

Chemistry among other sciences. Early findings, ideas, theories.
Atomic hypothesis and its development.

Binding and Structure.

The Electron and electronic structure of matter.

Elements: nature, number and discovery.

Periodic Table and Periodic Law.

Analytical, instrumental, and spectroscopic techniques.

Books required/referenced :
Trevor H. Levere: “Transforming Matter: A History of chemistry from Alchemy to the Buckyball”
Original papers and reviews (copies provided by the teacher)

Grading :
Attendance to the classes Each student writes a short paper on a topic chosen from the suggested or on his/
her own choice. The paper will be discussed with the teacher.

Remarks :
Tel. 6603
Email igridnev@m.tohoku.ac.jp
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List of Frequently Used Academic Terms
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Master’s Program
Doctoral Program
Master’s Program (of two years)

Doctoral Program (of three years)

Department/Major
Mathematics
Physics
Astronomy
Geophysics
Chemistry

Earth Science

Professor

Associate Professor

Semester
Spring Semester

Fall Semester

Spring Semester (often used in tuition matters)

Fall Semester (often used in tuition matters)

Credit

Course, Class

Schedule, Timetable



B

®=ERB 4 BHEECARS— « BAL Y H B K4 T i AE
Advanced Physical Oce Prof. Toshio Suga Department of Geophysics
anography A. Prof. Shoichi Kizu
(e e B Y) 2 24
2 BAL
EEER

Large—scale ocean circulation: Theory and observations

REDOBEH E B :
Learning and discussing dynamics and observations of the large—scale ocean circulation by rea
ding a textbook and an oceanographic conference proceedings book (as listed below) by turns.

FEOBZERE

The goal is to understand basic ocean dynamics and state—of-the—art ocean observations.

RENE - FIELEETE
Method: Reading selected chapters of the textbook and the proceedings book.
Textbook “Ocean Circulation”
Chapter 3: Ocean currents
Chapter 4: The North Atlantic Gyre
Proceedings book of OceanObs’ 09
Plenary Paper #1 “Integrating the Ocean Observing System: Mobile Platforms”
Plenary Paper #2 “In Situ Sustained Eulerian Observatories”

BRE - 3EF
Textbook: Ocean Circulation (2nd Edition): The Open University, 286pp, 2001.
Proceedings papers are available at
#1: http://www. oceanobs09. net/proceedings/pp/4A1-Roemmich-OceanObs09. pp. 33. pdf
#2: http://www. oceanobs09. net/proceedings/pp/4A2-Lampitt—-OceanObs09. pp. 27. pdf

R R A D T Ik

Evaluation: Presentation, reports and attendance rate.

T DA
Contact information:
Email: suga@pol.gp.tohoku.ac.jp
kizu@pol.gp.tohoku.ac.jp
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