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MEH Research 1) o
NETH 2 X Z2(Thesis -
49 A EH Research 2) 3 13| 0] 0|0 O O
<HHE2> mit=E o
1. AMFX}7|8H (Classical Electromagnetism )
HEgo] chet AKX 2, 22 oMol ™7|Eat XH7|%, Maxwell H-EADL jefimenko 24!, gauge
#Het 52 CHECH

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)
™ dszto] 7| 2|2l Newton 93}, Lagrange <3, Hamilton 9% §2 J83t1 canonical
transformation, Hamilton-Jacobi theory & CHELCH §8&22 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}S8H1 (Quantum Mechanics 1)
YRtstol 7|E20| El&= Hilbert &7t2| bra-vector, ket-vector, operator 52 &%3t1 Schroedinger
picture, Heisenberg picture, interaction picture &= CHECt Angular momentum, jj coupling, LS coupling

SE 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 Schrédinger, Heisenberg, and interaction pictures, the path integral formulation,
nature of quantum measurement, addition of angular momenta.

4. EAF8}1 (Statistical Mechanics 1)

Dynamical system, Ergodic theory & &A <92 7|2 742 =5t microcannonical ensemble?| Y

SA Hsto| 7|2 YelE SEC Gas system S0 1™ SAYEZ ME8St= OE 210 YASAHYGES
A

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™ETXE, x-ray X neutron scattering®fl 2|2t 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.

6. SAEET (Quantum Field Theory 1)
AT 0, 1/2, 10 CHst ML E2X Otz ™A Noether M2, & UXA$, 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.

A5 EHE2/8 (Advanced Statistical Physics)
HOIE, M4zt 22 59 7|2 XAMS HELe=z LYot BHA & HE

’ — o

Ok

70| ofLts S o3

0!

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 UXEHE (Quantum Information)

SAYEL| O|EN SES HIF= IFO|Ch SXAHHE, SArane|s, SAEFH, SAEFS 22 SAZELE

= =
SHEeh X4 A Znof Tl HESICE

o 0|22 oeln 1 881 2

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|85t =2 =M E siZ5H7| flet Chdet =HE CHEC.
AlZ20o[dE flot 4T +AB4Y LS /5t dN HAREH Z2aTE SO 75N, Z0E of

— =
M3t7| et OO 2AgES CHECL 2ASXSE 0|83t mut¥ez HO|HE MdEst W5 FE|
=)

n

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. A8 EX}7|812 (Classical Electromagnetism 1)
Radiation, plasma physics YAtS| MOIE2X st 2 A, YKo SSLetnt SHE YRSl 230 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. YEHMIE (General Relativity)
ExYUES 7T 555t STHYEIE SESC O|&7[515 9| 7|z, ORlfERl #gAlol R, #HIE
ZHE S:E ool 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. ZO[E I (String TheoryI)

TOo|E 53| ZTO0|EZ CIHECL nH™E IDO|ERH AXSIY YXtE S 80|20 THS EYoChE=
A2 StEoCh 0|4do| gl 2% CHAZIX] BO|E0| 7Isdtht= AZ O|sista 7|t BO|EQ| o500 E
2% o2 7tX| o|E=g|, #2X FXN=Z CHECL

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. ZO0/E (String TheoryIl)
LOo|E9| HMdaH dEZ Olsfstn HSdE 11X M-O0|ECE MAXCE HdF = AZZ O[|sfCt
=

o
E=TH O[F, D-E21t F-Z= 0|8, HZEO|E, AdS/CFT Hi&d §& LIECLL

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.

14 574/ 8t2 (Statistical Mechanics 1)

At sto| ABO|2It scaling theory, renormalization group theory 52 3|1 Ising & 2| A #3510
Cist Eot RYE SEBICE Superfluid He S2| SH Y3t EHt research topick 2PICt Boltzmann
equation 2| HEY SAH stz CtELCL

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. EHZYSHEE (Statistical Thermodynamics)
Y S HEHEA O tiet 7= 0|22 PILt. O|F 7|82 2 self-organization, diffusion-reaction dynamics
SOl thst Rl A+ =22 Olsle = A= S sttt

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.

16. HX}AZAHAFEHEHZ T (Computational Methodology for Electronic Structures [)

=HO| MAAZE Olast A&SH7| 23 Zast 7|2XQ YHES omrt dEoel HHE SoiM 2
=5t Z ground stateQ| MAFLZER} CHAESH excitation S1to| ZHAE LotED Asinr 0|29 AZHES
O|sst7| fIet Li80| TIMEICE

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, HMXpRAZHAHEHEHZ2 (Computational Methodology for Electronic Structures 1)

AR 7HE 3ol AFEE[1 U&= pseudopotential methodO CHSH H{R D O] BHS ECHE ™MAHXE ALt
gt = Q& empirical pseudopotential 2 1} density functional theoryO CHoHA! AH-ELCE Hamitonian2)
HHHEAZ |0 CHAYTH basisE YOFECE

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/E5 21 (Advanced Solid State Physics 1)

™E, phase transition, glass transition, ZEZA S0 CHgt O|E1t X-ray, Raman scattering,
photoluminescence S0f &3t 0| 3 A3 WHEZ A0 1IN 2|0 aAst A7 =22 olaig =
= 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/E 22 (Advanced Solid State Physics 1)
HAEN 2 A ZIAO|LIOIE HIFHE B X oM AXTE, 2tetde, RN, MRS, F0t
HEE gt Xol 542 CHELE

r

L
I
oln

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)
2EM MAOME| Ol5E, MXtS, 2 percolation 58 24 I 3Kt A0f CHsto] 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 gt AKX EfYTX], SA7| E8, QLR AKX, YHHEMXAEH X|AX §2 CHECH

1

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

22, XY XY= 2[5 I (Magnetism and Magnetic Materials 1)

nH=2let dtiE2loMel XtV RHMES JiFS CHRL, HAHY, dAY, nEtY=AE, YSALd=HE
dAg, BtEAg, Hlsdd 2 222 Adof tiet o|2= YLt

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&8EE[5E1(Advanced Applied Physics 1)
g=2ls SN 2ESH 24 Aol 7|22 AAF7| Qlotof 8lo| dE 22O 50 et X4
Sotn dH 5F ZH|o| ZsRE|0f| THote] A= UA &t

o=

o

=

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.

24. 8&E2/5E2(Advanced Applied Physics i)
SE=LEEI0N S5 2E9E 4 A9 7|28 EME, 53 HOoHWAM EF ZUE MU=
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, Ef2IEH 2ol 4 E (Ellipsometry Data Analysis)

EteEEdEAel 7| O % X data SHABES 2ICL. Complex refrective index, Kramers-Kronig
relations, one-electron model 2| O[22 CIED 7|Z=HQl oAt =30l 22|H O[sHE =00 ERA

=20t EH_ S8HE Bttt

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. Ef 2542 E&(Advanced Analysis of Ellipsometry)

EtelHZs Aol MolId 22 Mueller matrix, anisotropic material, critical point analysis §& CHZLCt O]
HHO Az M2 g0l 15 sfMdEES 0|8t O Y22 Sl ErFAFE0e SEE AFsHS Hi
fotCt.

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. T X}= 28t (Electronics |)
HdS sHst=H 223 MR 3 XA

Al
NES CHECL

o

g2 0|2 S22 9Yo|1 Otz [AEee| 7|=

]
AL
_|ok

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 TX}S2[8f2 (Electronics If)

CIX[E MArSste| 7|=/2lE s 0|8 0|8 S&=2l<tt o 7IX| £87(7|9] SARE|E HHELL
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. L& 24 38t (Nanomaterials i)
Lt MESOAN Yozs CHYet 2850 128 S40to| & 2zt

i

=2 otLt,

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

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

Bt Ao AXRFR, BHEFX HZEYEH U S Ho| o 7|Z2HQ AES A5, pn
MOS, MOSFET, HA| 21 EMX|AHO| XAy U o2{oh Bt=X|o| AHAE AFE &
o AI:"'

2 &5°%H}

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. 2 XEZ2/5E1(Advanced Topics in Particle Physics |)

O|l2 aEXEeee 7|E)\f6F % FQ3% AFPHE CHELCL Charm % Top Quark 2| MZ2 flavour 2t
color 7§ E0] AJHEICH U(1) gauge O|2E2ZA Maxwell O[22 ZSH5t11 non-abelian gauge 0|2k CHE
Ct. Topological solution®] #=8t& & 3 Weinberg-Salam Z& & 2|3IC}

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. X E 2[5 E2(Advanced Topics in Particle Physics 1)
Path integral O|2& &% gauge O|22| YAetE LCHEE vacuum R instantonO| 27HEICE
renormalization groupd} effective potential & 20| 271 QCD2| axial anomaly, asymptotic freedom

% infrared problem& 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.




33,34. ¥x}H 2 1}8H,2(Quantum Information Science 1,2)
LR Yn2|FL LAY EO|ES| ATf, Shorl| AQ=gd) L12|F Grover?| HAM 2n2|F
LA FHH0 CHsiAM sh&strt

Introduction to quantum algorithms and information theory, Quantum algorithms including Shor's factoring

mjo

Zgs

rr

SAL AL F,

algorithm and Grover's search algorithm, Quantum error correction

3536. YX} HFEE U A2 0]M1,2(Quantum Computers and Simulations 1,2)
SRIAFEQ AP0 |e|et ME0 et ZetHQl HE AHSHC

oHd 7=

Experience comprehensive research on the principles and applications of quantum computers and simulations.

37,38. ¥XL M 9 F%1,2(Quantum sensing and measurement 1,2)
LR A|IARE o|88t FE MY S HHZ et 1g 7= EHMZ O|siCt

Understand advanced technology exploration for precision sensing and measurement using quantum systems.

39,40. Y¥X}E MU S1,2(Quantum Communication and Cryptography 1,2)

71EE ZSts YRS W SA Lol &l HAHE[Q REIEE WSSt YA SAVIE ME
St Zlsat S Lol Y LTl 38 o St FAHF|ZHH0| CHOHA SHEStrt.
Introduction to quantum communication and quantum cryptography including the state of the art of quantum
networks, techniques for building quantum repeaters that promise to deliver qubits over long distances, and one of
the most famous applications of quantum cryptography, quantum key distribution.

41,42. EXP 24 E1,2(Quantum Information Experiment 1,2)

SAt = HYS ZASH| et des 2t HN dE das gt

Experience designing and performing experiments to investigate quantum information phenomena.

43, 1 Z¥XL 12| F(Advanced Quantum Algorithms)
SRR 2ot =X ENME siZste Xt Ln2|F, A AFH 53| oA, LA Zn2|FQ A2 it CHsA ot
SOt}

Quantum algorithms for simulating quantum mechanics, Limitations on the power of quantum computers, Selected
recent developments in quantum algorithms.

44, DZ LR’ R0 2 (Advanced Quantum Information Theory)

SRS AEZD S FAFZEO|2L| g 0|21t ZMof CHoM StEotcth

Purifications and fidelity Naimark's theorem; characterizations of channels, Semidefinite programming, Semidefinite
programs for fidelity and optimal measurements, Entropy, Continuity of von Neumann entropy; quantum relative
entropy, Holevo's theorem and Nayak’'s bound, Separable mappings and the LOCC paradigm,

45, 46 %X 2|2 A1,2(Quantum Information Research Project 1,2)
SAPgRtE A o TZHMEE SEstn O o ANE EEY = UEE X ZoCE

Conducting research projects related to quantum information science and deriving the research results.

47 %X 2 A0 (Quantum Information Research Intern)

YRGSt Z0re| =Ll Aot A AFO| FOBHCL

Participate in research projects to contribute to the development of quantum information science under the
supervision of experts.

48, 49. =2X|£1,2,(Thesis Research 1,2)
AT FE=E22 MANOIL =2|HeR £ = JUEF X| =3t

Developing academic writhing skill through logical thinking.
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