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= 2= de | Aol std| | 28]
MEFSPSPADIE=1
ZEAIE
1 PHYS7009 Classical o mpeInE=
Electromagnetism 1
2 PHYS7008 E’H;M;
Classical Mechanics -
RPNl ES-TNE=
3 PHYS7119 E’H‘;’m;
Quantum Mechanics -
SH A EH B
4 PHYS7020 E’H;m;
Statistical Mechanics 1 B
bs (=3l
5 PHYS7117
Solid State Physics
I =SEE
6 PHYS7031 | Elementary quantum
field theory
nasH2eE
7 PHYS7037 | Advanced Statistical
Physics
ANEE
8 PHYS7110 -
Quantum Information
HHOOIHERE 22 &
9 PHYS7111 Advanced data
computing in physics
DEEXDIE2
= 3l S
10 PHYS7001 Classical E’Hﬂ =
Electromagnetism 2
AULAHE
11 PHYS7018 —
General Relativity
Z0I 21
12 PHYS7068 -
String Theory 1
Z0IE2
13 PHYS7069 -
String Theory 2
SHSHE2
14 PHYS7072 — -
Statistical Mechanics 2
SHSHSEE
15 PHYS7030 Statistical
Thermodynamics
MR TZH A HEA
16 PHYS7033 Computational
Methodology for
Electronic Structures 1
AR H AL HE2
17 PHYS7028 Computational
Methodology for
Electronic Structures 2
IS EE21
18 PHYS7046 | Advanced Solid State

Physics 1




Hsels&2

19| qen | PHYS7049 | Advanced Solid State
Physics 2
- IHESCIER23
20 | ,4en | PHYS7047 | Advanced Solid State
Physics 3
- IHECIE24
21| e | PHYS7050 | Advanced Solid State
Physics 4
. A8 x2es
22 E; PHYS7042 Magnetism and
Magnetic Materials
- SE222ER]
23 E; PHYS7032 Advanced Applied
Physics 1
- SE222ER2
24 E; PHYS7015 Advanced Applied
Physics 2
, Et2E 2o A Y
&85
25 e PHYS7038 Ellipsometry Data
Analysis
, EtRli8aEESE
&85
26 e PHYS7044 | Advanced Analysis of
Ellipsometry
27 as PHYS7087 SAEe =T
o= Electronics 1
28 as PHYS7088 SMEe=e
o= Electronics 2
29 as PHYS7039 LS9
SR Nanomaterials
P! Bt =2l
30 | ,qen | PHYS7045 - -
&= Semiconductor Physics
- LI SeIEE21
31 E; PHYS7064 | Advanced Topics in
Particle Physics 1
- AxsSelEE2
32 E; PHYS7065 | Advanced Topics in
Particle Physics 2
- A2 E+H
33 E; PHYS7019 Special Topics in
Particle Physics 1
- AABelE+HF2
34 g; PHYS7052 Special Topics in
Particle Physics 2
% AR B HEH
35 Ez PHYS7120 | Quantum Information
Science 1
% SN HENED2
36 E; PHYS7121 | Quantum Information
Science 2
o ANBFEHLAIZH01&H
37 s Ex PHYS7122 | Quantum Computers

and Simulations 1




38

PHYS7123

LA FEHI A S 0182

Quantum Computers
and Simulations 2

39

PHYS7124

A RCEEE]

Quantum sensing and
measurement 1

40

PHYS7125

AL =2

Quantum sensing and
measurement 2

41

PHYS7126

SdASHLAST

Quantum
Communication and
Cryptography 1

42

PHYS7127

SASHAAS2

Quantum
Communication and
Cryptography 2

43

PHYS7128

NS E

Quantum Information
Experiment 1

44

PHYS7129

SNEEAH2

Quantum Information
Experiment 2

45

PHYS7130

D nels

Advanced Quantum
Algorithms

46

PHYS7131

DA NE201E

Advanced Quantum
Information Theory

47

PHYS7132

SAEEAA UM E AN

Quantum Information
Research Project 1

48

PHYS7133

SAEEA 2T A H2

Quantum Information
Research Project 2

49

PHYS7134

O X} & 2 01 7101 Ef

Quantum Information
Research Intern

50

PHYS7135

== K&

Thesis Research 1

51

PHYS7136

== XN&E2

Thesis Research 2

52

PHYS7137

A=A

Masters Thesis
Research 1

53

PHYS7138

SAN=2HA2

Masters Thesis
Research 2

54

PHYS8001

BHAH=2 2T

PhD Dissertation
Research 1

55

PHYS8002

S AHE2 72

PhD Dissertation
Research 2

56

PHYS8003

SHAH= 20173

PhD Dissertation
Research 3
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S st

ol st
including the lattice structure, basic

neutron scatteringOl

. BAl=2 0 24
57 &; PHYS8004 PhD Dissertation 3 O O O
Research 4
<SHED2> W= ofl&
1. DEHFXDI|8H1 (Classical Electromagnetism 1)
HEEd e dAHAX 2H, 2&2 WML &8I1ED KHDIE, Maxwell 8 AL Jefimenko & 4!, gauge
Hat S22 CE0
Topics include boundary—value problems of potential, electric and magnetic properties
of matter, Maxwell's and Jefimenko's equations, gauge transformation
2. DEAS (Classical Mechanics)
N 980 J|g fe2l2 Newton <& Lagrange <8t Hamilton €& S8 Z2%06t1 canonical
transformation, Hamilton-Jacobi theory & CIEC. S22 2 M2 =1 small vibration2 CHECH.
Topics include the Newtonian mechanics, Lagrangian and Hamiltonian mechanics, canonical
transformations, Hamilton—-Jacobi theory, motion of rigid bodies and small oscillations.
3. ¥XHst (Quantum Mechanics)
UXAESO] JI20| Zl= Hilbert 22t2 bra-vector, ket—vector, operator S2 3506t Schroedinger
picture, Heisenberg picture, interaction picture 2 CIECt. Angular momentum, jj coupling, LS
coupling & Lt , tensor operator ¥ Wigner—Eckart theorem2 =S &tC}t.
Topics include fundamental concepts, Hilbert spaces and Dirac notations, general theory of quantum
mechanics, including the Schrdédinger, Heisenberg, and interaction pictures, the path integral
formulation, nature of quantum measurement, addition of angular momenta.
4. SHHSH (Statistical Mechanics 1)
Dynamical system, Ergodic theory & SH Y& JI& JIE 2 =05t microcannonical ensemblel HH
22lE S2ELh. Gas system S0l D& SHESE2 HEZ6t= HE 10 LANSHGS
T8t photon—photon gas, Bose gas, Fermi gas €2 &2 2L,
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
=3, photonlt lattice

=
gas system will be discussed. We will also introduce some basic ideas and concepts in quantum
g_cl o4 ?}__O’

£2C}.

statistical mechanics and study the physical properties of photon—-photon gas, Bose gas, Fermi gas

X—ray

etc.
DHZE2l (Solid State Physics)
Bravais lattices®t AP X,
vibration, electron band theory & Ct
introduction to solid state physics
experimental methods, thermal properties, and basic band theory

The course provides an




6. JIZLXEZ (Elementary quantum field theory)
AE 0, 1/2, 10l TSt AHEHE OIs LA A Noether 2|, & 2kXt3, S—-matrix, reduction formulas,
HES0l21 Feynman diagram, MA23 S CI2L.

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. D2 EAH 22|88 (Advanced Statistical Physics)

SH0IE, MAs 28 s2 Jle KNAS ttE22 e EgH & BEEAAM Z0Lis

o
X
1Q
o
JA

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.

FUHEES Ol S8 s U=0I0h SNEIE, dhglels, dNB=H, NEAS 22 2NUE
29 0= 9ol SES 2teet 2o AAZ 00| ol ZEStCh

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.

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. DE B XID|&2 (Classical Electromagnetism 2)
Radiation, plasma physics 2 X2 AMUEXN dAst =5 2
St radiation2 F=& CIELCH.

|0

ol

R DA

Of
i
=z
it
=
ol
P
1
>
10
M0
O
2
10

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




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. Z0I&1 (String Theory 1)

20|28 53l xZ0I22 UEC. DE8E ZOIS2H AMEGHH LXstE Sl 20180 S22 ZLEstls
NS SSEhh 0lAH0| gl & OAJIK Z0I20] JisoltisE 242 Oldiotl JIEF Z20I22 S50 &
st 6d JHKl OlE2cl, =8 =HM&= UEL

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. 20|22 (String Theory 2)
ZOIE2 HIEgsHE HE2 OlolHotl HsSdE2 113 M-0IEez MHECcz 848 = /US2 OlalistCh
Z2FE 0|2, D-Edigiy 2d-2UX 0|2, HHO0|2, ADS/CFT US4 s U220

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. SHHs2 (Statistical Mechanics 2)
APBSEOl BHO|2 1} scaling theory, renormalization group theory S 205l Ising 28 S2| ABiIEH(
st S8t EET S2eCh. Superfluid He S8 SHYESI2l SYs research topickE &8lCh.

Boltzmann equation S2| HIEE SHSES T CHELC

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. EHZHSIEZ (Statistical Thermodynamics)
Iy 2 HIEHEAHN st JIx 02 <8l

dynamics S0l U8t FHS2 H32 =22 Ololg = U

|[Bte & self-organization, diffusion—-reaction

J
SES S

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. @XNAEHALYHET (Computational Methodology for Electronic Structures 1)

SAO MIARZE OloHdt] HASH)| <o 228 JI280 YHES MHEM. Ao =3 SoiAd &
=0ot= 0t ground statell XXt CH2SE excitation SW2l ZHE 20tED AW 0|82 HEES
OlolGtD| <18t LHE0l RS},

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. 8NP ZHALEHE2 (Computational Methodology for Electronic Structures 2)
| AF2% 1) U= pseudopotential methodOll Tl BHS D O 22 EUlz dNFREE HA
empirical pseudopotential &8 1t density functional theoryOll THol A & IHECH. Hamitonian

=
HEHSS e e basisE 20t=LC

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. DAIE2IS&1 (Advanced Solid State Physics 1
=&, phase transition, glass transition, =&AX 0|21 X-ray, Raman scattering,
= |

- =22 Olaig = U

i
ro
e

photoluminescence S0l 28t 0|8 & Ad &

= sa= idot== St

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.

. DXHIE2IS&2 (Advanced Solid State Physics 2)
D._:I (=]

28 & ZIAOILIOIE BIEE Bt=XMUAM =R, ssZ28, FEAM, dAsE, Z0t &

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

20. D HS2IE23 (Advanced Solid State Physics 3)
S2EAM MAUHAE OlsE, 8X=5S, &4 percolation 2 2XH3 2 3X2AHON CHatH CHECH

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

21. DHIS2I=24 (Advanced Solid State Physics 4)
AKX

HIEE BT tOl EHEN XL, SAHD &8, G4, HHEHIAYH /AXNLLT SE GELH

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




22. A E8H=
DE=cIe sl=2luAe
2y, B, sy

The course provides an

2l & (Magnetism and Magnetic Materials)

NP HEs U=
so =&22 4ol tist 0l

QUES

I:J

introduction to the magnetism

research,

rig
fol
fol

including basic classical

and

quantum physics on magnetism, the origin of magnetism phenomena, and basic theories on the

interactions of spins.

23. 2222lE21 (Advanced Applied Physics 1)
22228 oA 2SS 24 Ao JI2g A)] Yot 2o HEN SEO LSHH e XNAaS
ESot0 AN =& o =220l tHot AT U st&stit.

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. 2822|522 (Advanced Applied Physics 2)

SE=2CUEEINAN St S 224 HR2 JI=2=2 EUZ, =3 UOIHWM S8 Z2UE &=
=82 2 Ost A0l ol Cr=2& 40| Jisset AF13 =2 =H=2 Sl

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. Bt B AR (Ellipsometry Data Analysis)

EHREZEAO Jl= 018 ¥ &M data oHAHE 2ASICH. Complex refrective index, Kramers—Kronig
relations, one—electron model €2 0l CUFMH JI=&Ql A E=ct0H =2l& 0loHE =0IH E&
HEZ20H0 CHE S 8= S et

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.

13

N
»

02 0x f[o -

o
2z iz

(Advanced Analysis of Ellipsometry)
SIHE 22 Mueller matrix, anisotropic material,

g0 ng o olgs CH24A

0

Ct
s

C

==
=

b,

=2
=

M
A

_,_
==

12

critical point analysis S
Soll EfRAHES20t9 sSg&

[l

[e]]]

Hﬁ 10 00

=
=
Nose = 5]

o l= =2
Hoe =2

=

o
=

Al

2
=

o e m
Qi [

cC
= =

This course is intensive course of ellipsometry to develop operating skills of ellipsometer and

analyzing optical properties of the obtained data.
inhomogeneous layer et cetera. Students will be able to have enhanced abilities on ellipsometric

It covers Mueller matrix, anisotropic material, and

analysis of complex materials.




27. I*IF'z’Eliﬂ (Electronics 1)
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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. MXt=22l&2 (Electronics 2)
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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. LI==48} (Nanomaterials)
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This lecture introduces multiple physical properties on nano materials. Correlations of those physical
properties are also introduced.

30. BtEXIE2l8 (Semiconductor Physics)

B Hel EXE, HELAX, MY 2 S40 28 JI=2He AgsSS 2olll, pn8e, 487 &8,
MOS, MOSFET, dAlslt EMXIAEHS HMAZY X 0l BEMU 23 AFRE & = U= JI=KA
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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 Xt=2lS&21 (Advanced Topics in Particle Physics 1)

0l A2gl=alse JIEmd & See A4 E UEC0E Charm 2 Top Quark 2 MZ=2 flavour
2t color JHE0l AJWECH U(1) gauge OI222 M Maxwell 0|22 355t non-abelian gauge 0I2
CtECL Topological solution2l ==&& X Y Weinberg—-Salam 22 & 2&ICt.

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. Y Xt=elSE2 (Advanced Topics in Particle Physics 2)

Path integral OI2Z2 &8 gauge O0IE22 2XsE COEF vacuum 2 instanton0l AJHEICH £
renormalization groupdt effective potential ZHHE0 AJHEID QCDE axial anomaly, asymptotic
freedom ¥ infrared problem= CtELL.

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. 2 XSeIS4+=AHP1 (Special Topics in Particle Physics 1)
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Topics include advanced materials of particle physics such as conformal field theory and
supersymmetric field theory.

34. A XSeIS4+=AHP1 (Special Topics in Particle Physics 2)
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Topics include advanced materials of particle physics such as quantum field theory in curved
spacetime and AdS/CFT correspondence.

STAELBDSH 2 (Quantum Information Science 1,2)
ANesH LXNHEB0I29 AJH, Shorl AQx==260 £DelE Groverl 2 2Ng|EE Zsols
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Introduction to quantum algorithms and information theory, Quantum algorithms including Shor's
factoring algorithm and Grover's search algorithm, Quantum error correction

37,38. &X FEH &L AlEd0I&1,2 (Quantum Computers and Simulations 1,2)
UXNBEES AMSHOIES |l HEo et SeE0l HRE HEstit.

Experience comprehensive research on the principles and applications of quantum computers and
simulations.
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Understand advanced technology exploration for precision sensing and measurement using gquantum
systems.

41,42, XS4 LAS1,2 (Quantum Communication and Cryptography 1,2)
J

FA 22X UWERT Jl=S EEcte 2SS 22X &5 A0, FHelel RUIESE d&cts 2R S
HIIE HAots Jlsd X 222 It s S8 =2 otutel XII=6H0il CHol A SFs St

Introduction to quantum communication and quantum cryptography including the state of the art of
guantum networks, techniques for building gquantum repeaters that promise to deliver qubits over
long distances, and one of the most famous applications of quantum cryptography, quantum key
distribution.

43,44, X SBAS1,2 (Quantum Information Experiment 1,2)
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Experience designing and performing experiments to investigate quantum information phenomena.




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

46, DS L XEE0|2(Advanced Quantum Information Theory)
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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,

47, 48 X XNHEHAIRDMAEA 1,2 (Quantum Information Research Project 1,2)

ANHS]S B H7 TRMES 3510 1 4P VS T2 = UTS NS
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Conducting research projects related to quantum information science and deriving the research
results.

N
©

ATFHEHROIE (Quantum Information Research Intern)
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Participate in research projects to contribute to the development of quantum information science
under the supervision of experts.

50, 51. =2XI%1,2 (Thesis Research 1,2)
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Developing academic writhing skill through logical thinking.

21 (Masters Thesis Research 1)
c
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This course provides the foundation for master's—level research in physics. Students work with their
advisor to define a physics—related research topic, review relevant physical theories and prior
studies, and acquire fundamental skills in experimental, theoretical, or computational physics. A
physics—oriented research plan is developed as part of the course.




53. BAl=EH 72 (Masters Thesis Research 2)
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This course focuses on the full execution of the master’s thesis research in physics. Students collect
and analyze physical data through experimental, theoretical, or computational methods and organize
their findings within a physics framework. The course includes developing a thesis draft and
strengthening scientific presentation skills.

54, BtAl=E2AHT1 (PhD Dissertation Research 1)

2 wit=2 2218 ZO0F &gAF 2372 | HAH=Z, Sd2 A7 20f2 2c2l0I8 E A A7 SEE &
E ZAotD FL el ZHE HoSth. 02 Sol S&A0] Sels8H2Z 20 Y= ARFHE &
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This course covers the initial stage of doctoral-level physics research. Students conduct an in—-depth
review of relevant physical theories and current developments, identify key physics problems, and
establish an original research topic that contributes meaningfully to the field. A long—term research
plan is formulated.

55. BtAl=2 X 22 (PhD Dissertation Research 2)
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This course focuses on building the research framework required for physics dissertation work,
including experimental setup, physical modeling, and computational physics code development.
Students conduct preliminary experiments or simulations to validate the physical soundness of their
research approach.

56. BHAH=E2 A 3 (PhD Dissertation Research 3)
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This course represents the central phase of the physics dissertation research. Students carry out
full-scale experimental, theoretical, or computational studies to generate and analyze significant
physical data. The objective is to produce research results suitable for international conferences or
peer-reviewed physics journals.




57. HAl=E% 74 (PhD Dissertation Research 4)
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This course constitutes the final stage of doctoral research in physics. Students integrate all

research findings within a physics framework to complete the dissertation, prepare manuscripts for

submission to
defense.

international physics

journals, and complete the requirements for the dissertation




