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<HHE2> DIHE BN
AXFIXf |81 (Classical Electromagnetism 1)
HEFo thet ZAX X, 22 WM M7|FI X7|1E, Maxwell ZEAL Jefimenko A, gauge
He £2 o2

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

X Y8} (Classical Mechanics)
™ 9o| 7|2 {22l Newton 98 Lagrange 9%, Hamilton 98 52 J3F3t1  canonical
CHECH

o

transformation, Hamilton-Jacobi theory = CHELCH S22 ZKX Q| &1t small vibration

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

SFXFSI8H (Quantum Mechanics 1)
UYRIAEO| 7|20| E[= Hilbert 37t2| bra-vector, ket-vector, operator 52 &%3t1 Schroedinger
co

picture, Heisenberg picture, interaction picture &= CHECE Angular momentum, jj coupling, LS coupling
S& O3, tensor operator X Wigner-Eckart theorem2 S5 3t

Topics include fundamental concepts, Hilbert spaces and Dirac notations, general theory of quantum
mechanics, including the Schrodinger, Heisenberg, and interaction pictures, the path integral formulation,

nature of quantum measurement, addition of angular momenta.




S48t (Statistical Mechanics 1)

Dynamical system, Ergodic theory & &<t 7|2 7HEE =3t microcannonical ensemble?| EH
S 9&9o| 7|2 Y2lE ZECL Gas system S0 1M A IS HEsH= O 210 YXEAHIES
T %t0d photon-photon gas, Bose gas, Fermi gas 52| §&2 CHECH

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.

X Z2/8H1 (Solid State Physics 1)
Bravais lattices@t ZA™ETXE, x-ray X neutron scattering®fl 2|3t A™ FXEO| #H7, photonlt lattice

vibration, electron band theory &&= CHELL.

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

X} E T (Quantum Field Theory 1)
AT 0, 1/2, 10 CHst MCHEX Otz ™A Noether M2, M&E UXAI$, S-matrix, reduction formulas, A
SO0|21t Feynman diagram, M43t & CHECL

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.

A EHEE/S (Advanced Statistical Physics)
SXO0|E, MAZHs 22 89 7|2 XAE HEoz Chyst Hyz U HHYA oA LojLte A YEH
ddE SHTt

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.

SFXfEE (Quantum Information)
YAHE S| O|ED} 23% B = 1+=O0|Ct LXHH|IE
A

—

o] o|2g sl O 2L BT F|

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.




A/EF Ljfo/El ZEZEE £2/8 (Advanced data computing in physics)
ZHREE 0|85t 22l ZHE siZst7| fI% CrY¥et FHE CHECL
i

AlZgoldE A 4T AN LS oot 2H AREH Z2dS Sof 75N, ZI0HE of

H= — =
M5t7| fleh HIolH EM¥E CHEH ASXsS 0/8st0 au{ez Ho|HE MEstd HaE FEol
O, SASE 7|82 Z2[atH JHEdE HSTCh GPUE HIRSHY HE 8 24 ARE 32 0|8 4
A A W Hgic

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.

AXFIXfI[8l2 (Classical Electromagnetism i)
Radiation, plasma physics AtS| MOE2X st 52 A1, YKo FSLtetat SHE UKLl 230 2

radiationg FZ CHEC}

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

XL EE2 (Quantum Field Theory 1)
Functional integral, Yang-Mills O|22| A=t XA CHEY M, 2 AH7IH d2%E, anomaly,
QCD 52 CHELt

Topics include functional integral methods, renormalization of Yang-Mills theories,
spontaneous symmetry breaking, unified electroweak interactions, anomalies, and quantum
chromodynamics.

H,

—_

#NTI2S 7H0Hs| 28l SUtlals 22t Dl27|siste] 71X, ofol#Erel WHAlSl 9&, #Hi2
A o

o = 1
JEEN-E

[l
_

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.

Z0/E I (String TheoryI)

TO|2 E3| ZL0|ES CHECL 1TH DO|ERE AESH0 FXetE &8 £0[20] SHS EEotit=
AE SEoCh 0| g0l Q= BF CHAZHX| £0|E0| 7hsdttt= AE Oolsist 7[Ef £O|22| a0 &
%t o8 7tX| o|2=2], o8 FHSS CHELL

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.




ZO0[EI (String TheoryIl)

TO|22 HYSH JdEZS olslste tiadE 1143 M-0[22z MAXCz Y + ASS O[3ttt
E=TH O[F, D-E21t F-Z= 0|8, HZEO|E, AdS/CFT Hi&d §& LHELL

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.

E A 3t2 (Statistical Mechanics 1)

AbHislo| QlHbo|2 1} scallng theory, renormalization group theory 2 3|1 Ising & S°| AH3}0
st St 2@ ZEBICE Superfluid He S2| SHYEe| EHBt research topict 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.

EF G5 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.

EEIXIEE/8H (Physics of Optoelectronics I)

&L, BETR 5 SE 0|88 X0 et 7|2=elatd XA S 55517 I8, Maxwell equation
waveguide, optical fiber & CHFD CHYoH FT X0 CHot S8 HS Hiotrt

Direction of the modern electron physics has changed from the study of motions of electrons in the
materials to the research of interactions between electrons and photons and between photons
themselves, and phenomenology of photons. In this course, Maxwell equation, waveguide, and optical
fiber are covered for improving parctical understanding on diverse photophenomena and their
applications.

812 (Physics of Optoelectronics II)
I

o aser and optical amplifier, 22AXF2M 2| waveguide modulator and fiber-optic sensor &2
CHE O e'e"i*.o._l S82 SRYLEMN, WAoo ZEHE AT SHS Bt

>I—'-\

In this course, laser & optical amplifiers are covered as a light source and waveguide modulator &
fiber-optic sensor are dealt with as optoelectronic devices. By studying on the cases of effective
applications, students can have wide perspectives for developing their research abilities.




SEE2/E+ 71 (Advanced Topics in Applied Physics 1)

MOILE S¢f 8882 20F & A oM A4de= FHE RN ZE™HS ZF0x oict 2 +=¢
OlMe CHel BteX AEE8 2457 Qs AL8E &% ZHASS &5ty 01X A|z0| Cfgt &4
58 dHS FQ JHE BCL

To help graduate students get knowledge of current topics in applied physics this course treats
numerous basic topics from bulk-intrinsic semiconductor to multilayer junction semiconductor. Students
should have good knowledge of graduate level optics and electromagnetism.

SEE2/E+ 72 (Advanced Topics in Applied Physics Ii)

MOILLE S3f 8&=2l 20F & M MM HEE FHE CIREH ZEHS AF0X ook 2 +¢
M= ctefet | == ot5ot0 OX| A=0] Higt 24

te X Al2SS 40| ?lof AMEE &5t ZEE

S3 gag Fa SEE

To help graduate students get knowledge of current topics in applied physics this course treats
numerous basic topics from bulk-intrinsic semiconductor to multilayer junction semiconductor. Students
should have good knowledge of graduate level optics and electromagnetism.

IXfPEAAEEET (Computational Methodology for Electronic Structures )

Ho| MXFXE Olsistn AHAsty| o Hast 72X WHES MIECh dEo HEE oM &
St= b ground stateQ] MAFAEQF CHYSH excitation S1t2| ZHAE LOtETD MHI} 0|29 AHAZS
sistr| et W&ol TIECE

/7
—_
=

=

=
=

0l

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.

HXf A AMEHEHE2 (Computational Methodology for Electronic Structures 1f)

HI 7HE S0 AFEE|D RUE pseudopotential methodOf CHel H{ LD O] HEHES ECHZE MXTEE A4t
g &= U= empirical pseudopotential 21t density functional theoryOfl CHSHA! &I 2L} Hamitonian2|
HHEAS ot CHYDH basisE LOHRLE

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.

AXEE/EET (Advanced Solid State Physics 1)

T&, phase transition, glass transition, Z=ZXt SO0 CHEt O|E1t X-ray, Raman scattering,
photoluminescence S0 &%t 0|2 % A HHS s x| =20 st A7 =22 ofsg = U
= s8S HIYS=E Lt

L

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.




AHEE/EE2 (Advanced Solid State Physics 1)
HALHHA 2 X ZIAO|LIOIE HIFHE gtz Mo JR7E, 3tetde, FEAM, ™
HIFE BtEXo| S4S CHELH

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

DXEEEE3 (Advanced Solid State Physics Ill)
FEM MAOAMS Ol5&, MAtE, 4L percolation 52 2XHY W 3Xt@IA Of CHslo| CHECt

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

AXEE/5E4 (Advanced Solid State Physics IV)
HIZE BN AXHQ ENJFTX], SAZ| EE, DX LA, HHEMKAH YX|LA S CHEL

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

SFXFSIBHI (Quantum Mechanics 1)
=2 XL time-independent perturbation theory, time-dependent perturbation theory, atoms and

molecules, scattering theory, Born AR, C|2f &84 &l AXtst &2 CHELL

Topics include identical particles, time-independent and time-dependent perturbations, atoms and
molecules, scattering theory, Born approximation, Dirac equation, and quantization of field.

XE ST A1 (Special Topics in Particle Physics i)
LAtEE| O|E2F V2O ZHE %Zo APz S LHOIE, Kaluza-Klein O|E, supersymmetry,
supergravity SO0l CHEH =2 X seminar?t Y& F=F0A ZIAHEICH

We study current trends in particle physics phenomenology, such as grand unified theory, Kaluza-Klein
theory, supersymmetry, supergravity etc at introductory level.

¥ WY HEEY 22 M2 MY

<HE3> M2 225

i =3 7§ d et & oIFo|s=7 & CHAt Q| by
1| 2as g Ay e 3 ESE MAL HEAL
2 | =Zels 2 MER e 3 e AL HEAL
3 el Eeeh 225t 3 M4nE AAL A
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