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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




o ANBFEHLAIZH0IE2
and Simulations 2
% XA AL =F
39 g; PHYS7124 | Quantum sensing and| 3 O] 0 O O
measurement 1
B YHAL=HD
40 E; PHYS7125 | Quantum sensing and 3 O O o O
measurement 2
ANSHLSS
N
41 ;; PHYS7126 Quantum 3 O O O O
&= Communication and
Cryptography 1
ANSHMNLAS2
X
42 ;; PHYS7127 Quantum 3 O O O O
&= Communication and
Cryptography 2
B AL BAE
43 E; PHYS7128 | Quantum Information 3 O O o O
Experiment 1
- UANEBAE2
44 E; PHYS7129 | Quantum Information 3 O O O O
Experiment 2
% o Na¥ignes
45 | e | PHYST130 | Agvanced Quantum | 8 | O | O | O O
Algorithms
o NSXNEEB0I2
46 E; PHYS7131 Advanced Quantum 3 O o o O
Information Theory
o ANEEARIHE AN
47 K EH PHYS7132 | Quantum Information 3 O O O O
Research Project 1
D AN EARIHEH2
48 A Ex PHYS7133 | Quantum Information 3 O O O O
Research Project 2
B STNEEARQIE
49 E; PHYS7134 | Quantum Information 3 O O o O
Research Intern
Mz == A&l
50 | e PHYS7135 - 3 O O O O
& Ed Thesis Research 1
bl ==2X&E2
511 e PHYS7136 - 3 O O O O
& Ed Thesis Research 2
KEH2> W= o4&
1. Q™A XD|8H (Classical Electromagnetism 1)
HEEN tHet dAX 2H, =2 WHIAS &IIZ&D XHDIE, Maxwell 2H& AN Jefimenko B & Al gauge

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




4. Ej;"odol-
228 TR0

. DEAS (Classical Mechanics)
N 989 J|g e2l2 Newton <& Lagrange <8t Hamilton €& S2 Z2%06l1 canonical
transformation, Hamilton—-Jacobi theory E& C2Ct. 2222 2 M2 2= small vibration2 CH2C}.
Topics include the Newtonian mechanics, Lagrangian and Hamiltonian mechanics, canonical
transformations, Hamilton—-Jacobi theory, motion of rigid bodies and small oscillations
3. ¥Xdst (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 €& Ct& 11, tensor operator & Wigner—Eckart theorem2 3 &tC}.

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.

(Statistical Mechanics 1)
Dynamical system, Ergodic theory & SHE&2 Jl& JIE 2 =05dt] microcannonical ensemblel HH
Gas system s0 1NN SHESES HEZote HE &40 LASHESE
g8 2 U2

SH 989 Il &
T 23t photon—-photon gas, Bose gas, Fermi gas s2
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.
DHIZE2l (Solid State Physics)
Bravais lattices?t Z& X, x-ray ¥ neutron scatteringtil 28t Z2& FX2 =3F, photonlt lattice
vibration, electron band theory & CIELH.
The course provides an introduction to solid state physics, including the lattice structure, basic
experimental methods, thermal properties, and basic band theory
6. JI=LXEE (Elementary quantum field theory)
AHE O, 1/2, 101 TSt &UI2E Os 2$AA!, Noether [, 8&F X3, S—-matrix, reduction formulas
&HS0|213 Feynman diagram, M#23t £ LCI2C}.
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 H=2l8 (Advanced Statistical Physics)

ZH0|2, WS 22 SO I NAS BIEOR CIYs BN L YBENUNA LojLis SHASE
A

0ge

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.

ANEES OIEN SES HiR= L=0I0 SNHIE, g es, dNBRE, dAEHS &2 2AE
29 0lES 9ol SE 2test Fo AAZ N0 ol Z =Sttt

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. ¢t HOole BXFE 2cl8 (Advanced data computing in physics)

ZEHE 0l=2ol0 S2ls 2HE aiZot)| /st thYst =HE T2

ANZHO0I&ES st 2E +=Xl8 YEHS AJHot] AF FEH ZT20H2S Soil #siotl, ZUE ol
AotJl 218 HoIH 2888 CEC 218Xs2 01800 sUHNCZ HOIHE &8st HE-E FE0t
0, SHs2 JIeez 22s8d IJI88 HSECh. GPUE HIRGINH HE L 24 ZEE sFS 0188 A
A & gra g ES HZEHCH

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 technigues, 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 A XD|&2 (Classical Electromagnetism 2)
Radiation, plasma physics 2 At MUEHE dst 5= 2Aol], A2 S=atety SRS 230 2

St radiation2 =& CELCH.

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

et =256t Sotael . DlEolotetel D=, Otel&Eel HEAS 7&, Ut

(=] =
= =
Ac gaz o 24, 210 X229 JES G20

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.




—_
N

. 20|21 (String Theory 1)

ZO0IE S0l =20IEs UEC DA ZOIERH AIHGIH 2XsE Sofl Z0I201 S8 Zgstls
NS SSECH 01480l s 22 CHAIHAl Z0I&0] Jisotlte XS 0lohat) JIEt Z0IE9 sts0 2
Qe odd JHXl OIES22l, ==& FHsSS UE0h

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|&2 (String Theory 2)
20|22 HIEsSH HE= Olofol]) HESAHES 11XME M-0I22z HAHESZ HdYs & QUASS OloHstct
25 0|2, D-Eyon &4-2UX |2, #HE0|Z, AJS/CFT thed =2 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. SH &2 (Statistical Mechanics 2)

-

o LBHOIE1 scaling theory, renormalization group theory 2 238l Ising 28 S2| ABIGH(
st S48 ZEHE ZE2&HCH Superfluid He S92 SHYEE9 S
Boltzmann equation 2| HIZEE EHES T UELC.

85t research topick < 8lC}.

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. SHIEASIEE (Statistical Thermodynamics)
Ty 2 HEIFEAHW s Jlx= ol2s sl

o |8t 2  self-organization, diffusion—reaction
dynamics s0l Uist =H2 A2 ==2= OloH

J
S2sS S

no

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. EXREAH A E1 (Computational Methodology for Electronic Structures 1)

S&o MXFXZE Oloiotl AHatsl)l fol 28t J2dol dHEs A0 A82 S32 SoilM =
=0l= 1 ground state2] AP CHYSH excitation SUHel ZHE L0210 AE W 0|22 HZES
OloHiato| & LHES0l &S LY,

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. 8XNRZHAELEHE2 (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 theorydl CHoHA & IH=Ch. Hamitonian2l

=
—
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. DHS2ISZ1 (Advanced Solid State Physics 1
=&, phase transition, glass transition, =&X Ol21 X-ray, Raman scattering,
= |

- =22 0Olag = U

i
ro
e

photoluminescence S0l &8t 0|8 & Ad &
= Ss¥2 tHY¥otE=s stlh.

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 (=]

M Z8 & ZZHO0ILIOIE HIEE BtEMOUA XX, ofstEE, REN, dAes, S0td &

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

20. DHIE2I=23 (Advanced Solid State Physics 3)
SEMN MANAL 0ISE, EXEZ, &4 percolation S2 242 2 3XHE AN ot CH=2C

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

21. DHSelS24 (Advanced Solid State Physics 4)
s AKX

HIEE BT tol EHEN XL, SAHD &8, S48, HAEHIAYH /AXNLT SE GELH

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

22. Xk M Sels (Magnetism and Magnetic Materials)

nE=cle =l I RHES JHEE UF1D, Bitd, ditd, WSdsHE, d=NHdsHE,
2hd, BHHAd, Hlsgd s2 222 Udol et 012 28l

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




23. 222221 (Advanced Applied Physics 1)
SE=2E IUHAMN BESE 2A AR JI2s )| foty 2o M2 S2&2o ZEHU Us Xas
SSotd AH =& U selol ot A=UA SH& SO

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, 2222|522 (Advanced Applied Physics 2)
SE2CUEEINAN stEst 2SN 24 HARO JI22 EUZ, =3 HOIHWM S8 Z2UE E4&diUl=
s82 22 Ust A0l ol Ch2& 40| Jisset A7 Y2 sHE= St

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.

HZoH &Y (Elipsometry Data Analysis)
A0 Jilx= 0|8 % AN data ol Complex refrective index, Kramers—Kronig
relations, one—electron model 2| 0|82 OUFE0H JI=HQ At 8=otH =21 OlciE =0I0H Et&

H==Z20k0I CHet S S5 S B StCt.

o
Jo
ror
0

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. EIAGHA Y SE (Advanced Analysis of Ellipsometry)

ErAEZN A ASINESZ Mueller matrix, anisotropic material, critical point analysis €2 CI&Ct
OI&EQCl AlE 2482 €0 = dld8ES 0188 AR H22 Sdl EBIRAES=202 S8gE HPsgEs
bH 2 SHCE.

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. I*IF'z’Eliﬂ (Electronics 1)
22|8 AEs +3ot=0 R dL
MHEs U2C

OI

ﬂJIO Jon

\[3]
Jor
>~
>
/o
tol
Hu
=
r
Of¥
0>
[0
Hu
19
ol
kJ

otg=2 dXTBse Iz

HﬂJI]

A

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=2l82 (Electronics 2)
CXg &@xzse J2aelg A5l 012 o8

0l

E=clgl 6d JHA 371712 s&2elE UGELDL

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.==4 8} (Nanomaterials)
LI THHESWHA g8t =s Ost 240 258

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

30. Bt M =2l& (Semiconductor Physics)

Bt X ol XX, HERE, MASEE & 240 2t =X MESS 240611, pnEg, 4EJ| 88,
MOS, MOSFET, &Hlsl EAMHXIAHS MALYH L 0lds BHEXMU 2eE AFRE & = A= JIZ=X4A
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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. °'IF'=’EI§%1 (Advanced Topics in Particle Physics 1)
| sl JI2AE ¥ =t ARHdUE CECH Charm £ Top Quark 2 M&Z& flavour
2 color JHE0l AJH=ECH U(1) gauge OIS 2 M Maxwell OI22 Z206t10 non-abelian gauge 0I2%

=
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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. YX=SeISE2 (Advanced Topics in Particle Physics 2)

Path integral Ol S8 gauge O0IE2 2XUsE COE=F vacuum 2 instanton0l AJH=ECE £
renormalization groupdt effective potential ZEHE0l AJHED QCDE axial anomaly, asymptotic
freedom ¥ infrared problem= CHECL!.

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.

w

3. YXSelS4+HF1 (Special Topics in Particle Physics 1)
Xt 2 & =22l 20t 132 FHQ SAXE, =UE=E s2 U
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Topics include advanced materials of particle physics such as conformal field theory and
supersymmetric field theory.




34. XSl E=H (Special Topics in Particle Physics 2)
X L H =22l 208 Dz FHQ FUHA AlS2E UM 2, ADS/CFT tied 2 UEC).

Topics include advanced materials of particle physics such as quantum field theory in curved
spacetime and AdS/CFT correspondence.

A X™E DS ,2 (Quantum Information Science 1,2)
ANesH LXNHEB0I29 AJH, Shorl AQx==261 £1DelE Groverl 2 2Ng|EE Zsols

ghels, dAFEY0 ol X stssetlt.

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 HFEH &L AlEd0I&1,2 (Quantum Computers and Simulations 1,2)
UNBEEL AIZHI0IES A2 HE0 et S&&Q HARE XSt

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

39,40. X Al ¥ =XH1,2 (Quantum sensing and measurement 1,2)
AT AMAEE Olsst Y HA 2 E=FHE st 12 Jls gMs olaistt.

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

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

FA 22X UWERT IS EEcte 2SS 22X &5 A0, FHelel RUIESE d&cts 2 S
HIIE MAStsE Il A S22 It 2Hd SE S2 ottt 2XII=ZHH0ll Hol Al SH&EHCH.

Introduction to quantum communication and quantum cryptography including the state of the art of
quantum networks, technigues 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.

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.




S 2 AL 0| =2(Advanced Quantum Information Theory)
S0 dE=ZI S LYAELZ0/E22 12 02 ZU0 ol &5
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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 YA LSAHAIANMAEH 1,2 (Quantum Information Research Project 1,2)
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Conducting research projects related to quantum information science and deriving the research
results.

ATNEEHAROIE (Quantum Information Research Intern)
NHEBUS 209 2Ll Atstd AR 50 2048t

o N
R 3

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)

A4 F=E2 MAH0LD =2H2Z £ = UALSE A&
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Developing academic writhing skill through logical thinking.




