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Topics include boundary-value problems of potential, electric and magnetic properties
of matter, Maxwell's and Jefimenko's equations, gauge transformation
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1. AFEX}|8 (Classical Electromagnetism 1)

mego| et ZAX 22X, 22 oMol TIIFD XF2IE, Maxwell 2EAT} Jefimenko 24!, gauge

#et S8 CHECt

2. X Y8} (Classical Mechanics)
™ dzto] 7|2 2|2 Newton 93}, Lagrange <3, Hamilton 93 §& dFotn

transformation, Hamilton-Jacobi theory §& CIELCH S8S2

Topics include the Newtonian mechanics, Lagrangian and Hamiltonian mechanics,

transformations, Hamilton-Jacobi theory, motion of rigid bodies and small oscillations.

canonical

ZH e 251t small vibrationS CHZC}

canonical




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. $XtEE2 (Quantum Field Theory 1)
Functional integral, Yang-Mills O|22| A%t Ar&H HEYE MY, & AT7H 42EE, anomaly,
QCD &2 CHELt

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

12. YEHYE (General Relativity)
ESHUES TS| 555t S7HYEE SRSt O0|27(618t9| 7| X, OrQlfrErRl B AI0] R, fHIZ
ZdE S¥E &9 24, 2| fFEQ 7|=E HEL

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.




13. ZO/E I (String TheoryI)

LO[E 53| ZETO|2E CHELE AXH LO|E2FH ALY SA2tE &4 &0|20| FHE Zaolie=
NS &30t O[4d0| gl 49 CHAJHA| B0|&0| 7tsdttt= A2 Olsiste 7|Ef BOo|22o| &0 E
Q% olg] 7tX| o|2=2|, a8 F=HE2 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.

14. ZO/E (String TheoryIl)
LO|29o| HIMEH MEZ Oolgisty HEMHS 114 M-0|22Z HAXMCZ HHE = JZS O|distCL.
X358 0|E, D-EQlut &-U= O|F, HHO|E, AdS/CFT CfSd &= CHECLL

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 %512 (Statistical Mechanics 1)
otﬂél' 2LHHO| 21} scaling theory, renormalization group theory 58 3|1 Ising Z& S92 At=z}0]
Ciot S0t RdE ZEICE Superfluid He 2 S8AHstel £t research topicke 22ICt Boltzmann
equation 2| HIEY SAH stz CHELCL

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.

16. EHZHSHEE (Statistical Thermodynamics)
Y 9 HEAA O tieh 7|= o|28 2TIC O|F

=
=

|82 2 self-organization, diffusion-reaction dynamics
SOl ot FH2| g7 =22 oldie = U= ¥ 2

B QBHC

—

mo

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.

17. B X[ EE[8H (Physics of Optoelectronics I)

S, HEHR 5 HsS 0|8 20| tiet 7|2=2|stH X4

Al
waveguide, optical fiber & CHFO CHEoh X AHZOL0| CHS S &

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.




18 BEIX}E 2|82 (Physics of Optoelectronics II)

AL EMN| laser and optical amplifier, FAXEMN 2| waveguide modulator and fiber-optic sensor &=
CHRn ARNO S82 BRHORM, FWARON SUE ATSHS HYBICL

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.

19. 8&E2/5+%+1 (Advanced Topics in Applied Physics 1)
MOILE &3 88=2l 20F & AH MUYoN 43E= FHE RN ZWHS AF10% ot 2 =¢
=2 o550 O|X| A=0| Cigt &M

OlAE CHYSH BLEX| ARES 24017 o) AISE Ts oYy
58 gy2 e SEE 0

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.

20. £&E2/5+%72 (Advanced Topics in Applied Physics 1)
g

s 88=2l 20F & AN AMGM dEEE= FHE CHFEH ZHH
o Eo &A
== =]

M= Ciget Bt=H AlzSS Z45t7] fl8 AL8E &< ZEE
=g &

S2 g Fa SEE B

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.

21. FIXAZHAEHEET (Computational Methodology for Electronic Structures 1)

=HO| HMAAZE Olast AMSH7| s Zast 7|2%Q YHES omErt dEoel HHE SiM 2
£5l= ¥t ground stateQ] MXAFAXQ} CHYSH excitation S0 ZHAE LOtED M1} 0|29 HAZS
O|ast7| fIet LfE0| TIAMECE

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.

22. FIXAZHAMEHEE2 (Computational Methodology for Electronic Structures If)

X 7HE 20| AR E|1 Qe pseudopotential methodOfl CH8H BT O] S ECiZ MAEEE At
ot AE empirical pseudopotential 21t density functional theoryOfl CHSiA A IHELCtH Hamitonian2
HHHEHS {0t Ot basisE YOHZLCE

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.




23. AXEE/EE71 (Advanced Solid State Physics 1)
™E, phase transition, glass transition, ZEZA SO0 CHgt O|E1t X-ray, Raman scattering,
photoluminescence S0 2ot 0|2 S Ad WS A1 1H S50 2ot AFL =22 Olsig = AU

L 52 HYSEE Bt

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.

24. AXEEIEE2 (Advanced Solid State Physics i)
HAEAN Zgt A ZIAO|LIOIE H|FEHE BN oM /AXTE, 2ttt FEN, MXA=E, EOHH HEf &

=
HIEE gt=Nel 284S CHED.

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

25, dXZE[5E3 (Advanced Solid State Physics Ilf)
EEM MAONC O|l8%, MAtsE, &4t percolation §2 22Xt S 3XAA O CHSHY CHECLC}

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

26. AXEE/5E4 (Advanced Solid State Physics IV)

HIEZE gred &XQ EfYER], SA| B8, SSAXaA, HHEMXAE YX2K SS CHECL

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

27. QXSS5+ T11 (Special Topics in Particle Physics 1)
YAEE| 02T WY& #HE z[Zo| sz USYHOIE, Kaluza-Klein O|-Z, supersymmetry,

o =20
supergravity S0l CHEH =9 U seminar?t Y& $+Z0|A TIHEICEH

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

28, LI E4 8l (Nanomaterials /)
Li MWESO0A EtEE/E COfSfer S8 =1 725 8019 YEEAHE =9 2.

|

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

29. XS (Quantum Mechanics 1)
Y YA time-independent perturbation theory, time-dependent perturbation theory, atoms and
molecules, scattering theory, Born AR, C|2f S A &l HXtet 52 CHECL

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




30. E2/8 5+ I (Special Research In PhysicsI)
=2g A - A aPgol 3 & WEeE RE T3 HEtde YR o T o dAFitde FX
2 5N us wrg4el Eao me 2FECt

This course is targeted for all graduate students in mater's and doctor's degree course and the theme
can be chosen from students’ on-going research topics.

31. E2/8 5+ (Special Research in PhysicsII)
2lst A - AL IPgo| 3& WEeE RE T3 HEtde YR ot T o dAFude FA
St ws aPEAo| Zao mat FEC

This course is targeted for all graduate students in mater's and doctor's degree course and the theme
can be chosen from students’ on-going research topics.

32 E2/8H5 %M (Special Research in PhysicsII)
=28 M. HAF 3PEo] S8 WELE EE W9 EdE tjdez oo Tl el AT E FH
2 5N us agdel 2o met 2FE

0

This course is targeted for all graduate students in mater's and doctor's degree course and the theme
can be chosen from students’ on-going research topics.

<HE3> M2 225

Hz =9 7 st ot SHY o|™o|aTE CHAFSES| IF A
1 =2e % A E2z|stat 3 M= MA} AL
2 =2/e % A2 E2z|stat 3 M= M A} AL
3 Sal= =g S =2o|stt 3 Mz=t= MA} HEA}
4 Tel=252 =2l 3 M4=at= HEA}




