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1. AMJX}7|8H (Classical Electromagnetism )
HAE it AKX 2H, 22 WoMe H2[Zar X7|E, Maxwell ZEA D Jefimenko HEA!, gauge
#Hat 52 CHECLCE

Topics include boundary-value problems of potential, electric and magnetic properties
of matter, Maxwell's and Jefimenko's equations, gauge transformation

2. AX Y3} (Classical Mechanics)
™ 9zto| J|2 f2|2 Newton 93l Llagrange <3l Hamilton 93t 52 3831 canonical
transformation, Hamilton-Jacobi theory & CIELCH S822 ZM2 231t small vibrationg CHELCE.

Topics include the Newtonian mechanics, Lagrangian and Hamiltonian mechanics, canonical
transformations, Hamilton-Jacobi theory, motion of rigid bodies and small oscillations.




3 X}FS8H (Quantum Mechanics 1)
YRtstol 7|E20| El&= Hilbert &7+l bra-vector, ket-vector, operator 52 &%3t1 Schroedinger
picture, Heisenberg picture, interaction picture &= CHECE Angular momentum, jj coupling, LS coupling

S CHR1, tensor operator H Wigner-Eckart theorem2 &5 3tC}

Topics include fundamental concepts, Hilbert spaces and Dirac notations, general theory of quantum
mechanics, including the Schrédinger, Heisenberg, and interaction pictures, the path integral formulation,
nature of quantum measurement, addition of angular momenta.

4. EA %8t (Statistical Mechanics 1)

Dynamical system, Ergodic theory & &A9ste| 7|& 7Pd2 +=3t1 microcannonical ensemblel| HH
SH gstol 7|2 28 SFTICE Gas system S0 1™ SAGE S HESE= OE 21 LRSAGES
pN|
=

L 510] photon-photon gas, Bose gas, Fermi gas 2| ‘o

In this course, we will introduce the fundamental concepts and hypotheses in equilibrium statistical
physics, such as Ergodic theory and ensemble theory. Numerous examples including the classical gas
system will be discussed. We will also introduce some basic ideas and concepts in quantum statistical
mechanics and study the physical properties of photon-photon gas, Bose gas, Fermi gas, etc.

5 AXE2/81 (Solid State Physics )
Bravais lattices@t ZA™TXE, x-ray X neutron scattering®ll 2|2t AF™ FxEO| #H7, photonlt lattice

vibration, electron band theory S& C}ZLC},

The course provides an introduction to solid state physics, including the lattice structure, basic
experimental methods, thermal properties, and basic band theory.

6. O’X/"’EI (Quantum Field Theory 1)
ol 0, 1/2, 10| CHet HOUE2X nts YA Noether HEl, & YAzl S-matrix, reduction formulas, &
%Ol%ﬂf Feynman diagram, X242t &2 CHECH

Topics include relativistic wave equations for spin-0, spin-1/2, and spin-1 particles,
Noether's theorem, canonical quantizations, S-matrix, reduction formulas, perturbation theory and
Feynman diagrams, introduction to renormalization.

7. A &HE2/8 (Advanced Statistical Physics)
=H0|Z2, Mz 22 59 7|2 XAS HEoR CiYst BHA U HEHIA N oLt SAHISH
HYE SFEotL

Based on the fundamental concepts in statistical physics such as scaling theory, renormalization group
theory, we will introduce various methods to study the physical properties in equilibrium and
non-equilibrium systems.




8 XIEE (Quantum Information)
YAl |20 382 HIRE

—
o 0|22 93| 1 & e x4 AF Ao CHoli &

This course provides students with an opportunity to learn quantum information theory and its
application. It covers quantum bits, quantum algorithms, quantum computers, quantum thermodynamics
and so on, and the recent trend of cutting edge research.

9. ZEt Ojo/El ZFE E£2/8 (Advanced data computing in physics)

ARHE 0|8%t0 =2|et EME diZst| flot gt FHE CHECL

AlZE0|ME ot 24T FX[SfAx HHS AVt MN ZAFEH ZEOHUS S #stn, ZUE f

M357| 2%t HIOlH 24#E CHELDL 23Xs2 0/8%t0 Xz HOo|HE MEsty HEE FE5;
& g 2

—
H 7tdS 43S GPUE HIRSIO EE A 24 HF

This course covers various topics in the physics using the computer programs.

Numerical methods for the computer simulation of physics system and analysis techniques to
understand data are introduced. For the data analysis techniques, ideas from the artificial intelligence
will be used to select data and extract useful information. Hypothesis testing on the data based on
statistics will be applied. Students can have exercises to writre own computer programs which is based
on parallel and distributed computing environment such as GPUs.

10. X FIX}7|8t2 (Classical Electromagnetism Ii)
Radiation, plasma physics 2Ate| MHEX dst 52 A5, LXe| F=4ttdt SIH YRSl 250 2

radiationg FZ CtEC}

Topics include electromagnetic waves, reflection and refraction, scattering and diffraction,
electromagnetic radiation from oscillating dipoles, covariant formulation of Maxwell equations.

11. ZEHYOIE (Genera/ Re/atlwty)
STHUES UHS| =55t S7HREIE STtk DIE7(5tstel 71X, OFQIfrEtQl Aol |, FHIZ
ZHE S 8o 24, 12|02 fFEQ| J|=E LHELL

We first review special relativity and discuss equivalence principle. Topics covered are basics of
differential geometry, derivation of Einstein equation, Schwarzschild black hole solution, and introductory
cosmology.

12. BO[E I (String TheoryI)
59| ZETO0|ES CHECH 1WA DO|2FH ARSHY AAtetE Sdff £0|20| S Zaotot

Sh& oLt Ol g0l Sl Z% CHAZEX| BO0|&20| 7tsdtthe AS Olsistn 7|Et O[22 ah&0f
Q3% olg] 7tX| o|2=2, #£¥ FHES CHELL

me rir

We study string theory, especially superstring theory. We start from classical string theory and through
quantization note that string theory contains gravity. We also note that there exist five anomaly-free
string theories. We also study various topics in theoretical and mathematical physics needed in the
study of string theory.




13. Z0[EI (String TheoryIl)

LO|29o| HIMEH MES Oolgsty tHEde 11X M-0|222 HAXMCo=Z MHHE £ S O|s3tCt.
259 0|E, D-E el ¢-ZLU= 0|E, HHO|E, ADS/CFT iad &2 CHELL

We study non-perturbative properties of string theory and understand that the string dualities are
systematically explained in terms of eleven dimensional M-teory. We also study supergravity, D-branes
and Yang-Mills theory, Matrix models, and AdS/CFT correspondence.

14 S74/%8t2 (Statistical Mechanics 1)

Aol ABto| 21} scallng theory, renormalization group theory 5 3|1 Ising 22 S92 ABsI0
Cist Eot RYE SEBICE Superfluid He S2| SH Y3t EHt research topick 2PICt Boltzmann
equation 52| H/EHHA %74| St CHECh

In this course we will introduce the general theory on phase transitions, scaling theory,

and renormalization group theory. As a specific examples, phase transition in Ising model and special
topics in statistical physics, such as superfluid He, will be discussed. We also cover the non-equilibrium
statistical mechanics such as Boltzmann equation.

15. A/ E G35 E (Statistical Thermodynamics)

By A HEAA O it 7[Xx O|EE olICt O|F 7|HI2E self-organization, diffusion-reaction dynamics
SOl ok FH | AT =22 olsie = U= S YDt

Based on the understanding of the equilibrium and non-equilibrium systems, we study the
contemporary topics in statistical physics including self-organization, diffusion-reaction dynamics, etc.

6. HXfPAZAHAEEHEZT (Computational Methodology for Electronic Structures |)
2ol A ZE Olslstn At 23 East 7|25 HHES ”fﬂiﬁf ol 5HE SOl &

%E MBS 9 S
Z£5t= F ground stateQ] MXAFAEQF CHYSH excitation S12| ZHAE LOLED MHIf 0|29 AHAZ
olslist?| fIgt LHEO| T ECE

This course introduces fundamental methodology of calculating the electronic structures of materials. It
provides the relation between experimentally-observed quantities and electronic structures in
ground-state or excitations to make a connection from theoretical study to experimental observations.

17. XA ZHLAEEE2 (Computational Methodology for Electronic Structures 1)

HX| 7HE 20| AFEE[D RUE pseudopotential methodO CHEH B O] #HE ECHZE MARZE ALt
ot l= empirical pseudopotential ¥t density functional theoryOf CH8{Al & ZCt Hamitonian2|
HHEHZ fIot CHYDt basisE YOHELCE

This course introduces fundamental methodology of calculating the electronic structures of materials. It
provides a basic idea of pseudopotential method, which is applied into empirical pseudopotential
method and into density functional theory. Students will also learn various basis sets for the matrix
representation of Hamiltonian.




18. AXE2/5 21 (Advanced Solid State Physics 1)

T2, phase transition, glass transition, ZZAAt SO0 CHgt O[EdF X-ray, Raman scattering,
photoluminescence S0 2ot 0|2 S Ad WS A1 1H S50 2ot AFL =22 Olsig = AU
= 532 HIYSI=F Strt

Topics such as group theory, phase transition, glass transition, superlattice, X-ray scattering, Raman
scattering, photoluminescence will be presented. Research articles of current hot topics will be selected
for discussion.

19. AXEE[5E2 (Advanced Solid State Physics I)
HAEAN Zgt A ZIAO|LIOIE H|FEHE BN oM /AXTE, 2ttt FEN, MXA=E, EOHH HEf &
HEE BNl E42 CHEC

Characteristics of amorphous materials such as chemical bonding, atomic structure, disorder, electrical
transport will be presented.

20. X EE/5E3 (Advanced Solid State Physics Ilf)
FEHM MAOAMC 0|k, MR, 2k percolation &2 2XHel U 3XAAO Cisto] CHECH

Carrier mobility, diffusion, percolation in 2D and 3D of disordered materials will be covered.

21. X EE/5E4 (Advanced Solid State Physics IV)
HIEE St M AXtel EfYTX], SA7| E8, QLXK HHEMX|AE X|AXH &S CHEC

o

Devices of amorphous semiconductors such as solar cell, drum in a copy machine, image sensors, thin
film transistors will be discussed.

22. X} EHE 2|8 I (Magnetism and Magnetic Materials )

D=Lt dtiEdlofMel AtV RHES| JfEE CREL, ALY, dAHY, nEdSHE, ¥IAS=HE
A, B, HSYd s2 222 g0 gt 0|2& ltt

The course provides an introduction to the magnetism research, including basic classical and quantum
physics on magnetism, the origin of magnetism phenomena, and basic theories on the interactions of

spins.

23. 8&8E2/5E1(Advanced Applied Physics )

=2 oM 2ESH 24 A7 7|22 A7 5t Ho| dEN SEHol FEHO oist X[AlS
5ot A 5F FH|o s 2|0 Ch5te A= UAA stEottt

In order to build his/her own foundation of spectroscopic analysis research in advanced applied physics,
students acquire the knowledge of the optical properties of materials and characteristics of light and
learn deeply about operational principles of equipment.




. 88525 E2(Advanced Applied Physics i)
SE=LEEI0N st5 2ESE 24 AF9 7|22 ENE, £F HOHUAM 5 ZUE 2MdiU=
sHS ZY Oy Al=0f CHs CH4A 240| 7hset AR HiYES SHE o

Based on the principles of the spectroscopic-analysis research in advanced applied physics, this course
is designed to raise the ability to obtain results from analyzed data and to make competent
researchers who are able to handle various samples through multilateral point of views.

25, Ef2IE 3t X H (Ellipsometry Data Analysis)

EtRIEEEASl 7|X O X HAH data SHABES ABICL Complex refrective index, Kramers—Kronig
relations, one-electron model 2| O[22 CIEMH 7|XHQl oAt H=t =2|H O|iE =00 EtA
S 0f0f| Ciot 388 S HiYetLt.

This course is mainly for the graduate students of ellipsometry major. It covers basic concepts of
polarized light and optical parameters and combines simple experimental examples, which increase the
capability of ellipsometric analysis.

26. Ef2of 4 2 8&(Advanced Analysis of Ellipsometry)

EfpEHIsHAHo| MolaPd 22 Mueller matrix, anisotropic material, critical point analysis = ERECt O]
H4HO Az M2 g0l 15 sfdEES 0|8t OAH Y22 Sl EtFAFE0e SEE AFsHES i
(o)

This course is intensive course of ellipsometry to develop operating skills of ellipsometer and analyzing
optical properties of the obtained data. It covers Mueller matrix, anisotropic material, and
inhomogeneous layer et cetera. Students will be able to have enhanced abilities on ellipsometric
analysis of complex materials.

27. ZIX}Z 2|81 (Electronics 1)
=gt S Fd5t=H East TA 3¢ X[AZ 2|2 0|8 SHLE 93|10 otz TASSe| 7|2

5
Ng= CHECL

In this lecture, Students learn knowleges of electronic engineering, particulary on the theory of circuits.
As understanding those, They also learn fundamental concepts of analog electronic engineering, needed
to accomplish physical experiments.

28 ZTX}E2/8l2 (Flectronics )
CIXIE MAtSEol 7|2)2|E sl o|E 0|83 S8=22/&ut o2 7HX| F87|7|2] S&REE Ct

— —

Ct.

Hu

In this lecture, Students learn the fundamental priciples of digital electronic engineering.
As understanding those, They treat applied physics and operation principles of many messuring devices.

29. Lt&=E4 8t (Nanomaterials 1)
Lt THESOM 2ok s CHYSt 24510 A28 24019 A2t

i

=2ottt.

—

This lecture introduces multiple physical properties on nano materials. Correlations of those physical
properties are also introduced.




30. BHE X £ 2/ 8} (Semiconductor Physics)

gt=dol RATZE, HETE, MAYY U S0 2ot 7=HY MESS Yold, pniE, 2ET| T,
MOS, MOSFET, A 20t EMXAEO] MAYY S o2 SO 2HE FFE & = U= 7I=X4

o AL &
2 &5}

Learn the basic information about the atomic structure of the semiconductor, the band structure,
manufacturing method, and physical properties,and then study about semiconductor fabrication methods
for pn junction, Schottky junction, MOS, MOSFET, and a field effect transistor, as well as acquire the
basic knowledge of a research of relating to these semiconductors.

31. YX}HEE/EE1(Advanced Topics in Particle Physics 1)

O|2 AEXtE el 7|2Ae A Zast AFHEIE CHELE Charm 2 Top Quark &2 ME& flavour 2f
color 7HE 0| AZHEICE U(1) gauge O|222A Maxwell 0|22 SF3t1 non-abelian gauge O|2& CIE
Ct. Topological solution2| =8t Fx 3! Weinberg-Salam 22 &= 2| 3ICt,

We study from basics to advanced topics in theoretical particle physics. We study flavor physics and
Yang-Mills theory. We also study topological solutions in quantum field theory, and Weinberg-Salam
model.

32 gX}EE/EE2(Advanced Topics in Particle Physics Ii)
Path integral O|22 &%t gauge O|Z29| YXI3HE CHEZ vacuum I instantonO| AJHEICE £
renormalization groupd} effective potential & 20| 7= QCD2| axial anomaly, asymptotic freedom

% infrared problem2 CHELC}

We study quantization of gauge theories using path integral. We also discuss instantons, and study
renormalization group and effective action. We also cover topics such as axial anomaly, asymptotic
freedom and infrared problem in QCD.

<HE3> Mzt 225

Hs =3 7=t} Eigs IO E CH 2b k| ubd
1 =28t A A3 = 2|8t 3 Ma=qp= M A} HEAb
2 =2/t A HH2 = 2|8t 3 Ma=qp= M A} HEAF
3 2| 22eH1 =<t 3 Mz=qap=2 M A}, EEA}
4 F2|22e2 =<t 3 Mz=ap=2 HEA}




