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46 M EH PHYS7131 | Advanced Quantum O O O
= Information Theory
- R L CEER R
- O
4T A EH PHYS7132 | Quantum Information O O O
= Research Project 1
- A4 591 T A A AT
- O
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50 | qen | PHYS7135 , O | O @)
o EH Thesis Research 1
M3 = A2
51 | wen | PHYS7136 _ O] O O
M =4 Thesis Research 2
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1. dXEX}Z|8F (Classical Electromagnetism 1)
mHEEo et AKX M, 22 WM H71Eat X21E, Maxwell 24Dt Jefimenko HEA, gauge
el 5SS CHELDL
Topics include boundary-value problems of potential, electric and magnetic properties
of matter, Maxwell's and Jefimenko's equations, gauge transformation




2. X1 Y8} (Classical Mechanics)
oM™ dgsto] 7|2 2|2l Newton 93, Lagrange Q‘.it, Hamilton 98 S& 353t canonical
transformation, Hamilton-Jacobi theory §& CtZLCt S& ZH ol 31t small vibrations CHECH

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

3 X}t (Quantum Mechanics)
YAtYSto| 7|&20| El= Hilbert S7t2| bra-vector, ket-vector, operator &2 JdF3t1 Schroedinger
= o

picture, Heisenberg picture, interaction picture & CHELE Angular momentum, jj coupling, LS coupling
SX CHE 1, tensor operator 3 Wigner-Eckart theorem2 &5 3tCt

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. B35t (Statistical Mechanics 1)
Dynamical system, Ergodic theory & &A4sel 7|2 7FFE4E =3t microcannonical ensemble?| EHH
A g&o| 7|2 AUZE ZFSCL Gas system S0 1T SAYSE HESt= 0| 1 LASAYSYE

Z23t0 photon-photon gas, Bose gas, Fermi gas 2| 4&& CHEC|L

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 OXZ2/8 (Solid State Physics)
Bravais lattices@ ZAETX, x-ray X neutron scatteringdfl 2|3t AF F=xQ| FH7E, photonil lattice
vibration, electron band theory &&= CIELI.

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

6. 7| X FXfEE (Flementary quantum field theory)
2800, 1/2, 10 Cfst MCHEX Ohs L-EA!, Noether 2|, HE Xz, S-matrix, reduction formulas,
SO0|E1} Feynman diagram, X242t 52 CIELCL

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. AFE7E2E/8 (Advanced Statistical Physics)
ZHO0|E, M3t =& sl 7|2 XA S HE2=Z Chyst g 2 HIEIA MM Lojtts SASEH
dds SESL.

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 YXIEE (Quantum Information)

SAYES| 0|21 SES HIRE= M=O|Ch SXHHE, SArgnL|5, SAHFH, SRSt 2
Al

3
ro
02
Ral
o
HT

o= — [=1}

ol 0|22 3|1 1 S&1f & A TZ1tof| CHsi HESICL

l

e

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 Gjo/lE ZFE E£2/8 (Advanced data computing in physics)
ARHE 0|80 =2/ =HE diZst7| fIg ttdet FHE CHEL.

AlE20|8E flet 4T FXB|HHN LS /st dH HAFH Z=2a21e82 S8 +
M357| fI% MOl & CHELCL QSXsE 0|83l X2 Ho|HE M 5
o, 4SS 7|dtez 242 A3 GPUE HIRSHY HE 8 24 ARE 242 08¢ 7
A b

== — ot
A S o
S SE B wES

1x
oo 4>
o njo 2t 1
1%
N

1A

ol Mo
rot
o

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|8]2 (Classical Electromagnetism )
Radiation, plasma physics 2AtS| 2% st 52 Ao, YAt Sttt SHE YRl 230 2

radiation® FZ LCHELC}

rot

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

BHHHE (General Relativity)

O/ H,

= O

SUES U 5551 S7HEE SFettt O0Z7|sstel 7|x, OfQlrErYl 49| Rk, wHE
-

1

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. 2O/E I (String TheoryI)

TO|2 53] =L0|25 OHECL LATH ZOIEZRH AXI0 SXtstE S 80|20 SHE ZYeths
Ag staettt 01dg0| gle 8% CHAZHA| £0|20| 7tsottt= AS Ofsist 7|Et £0|22 ot50f &
gt oj2f 7tX| o|g=dl, =X FH=S HHEL.

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/EIT (String TheoryI)

_'E.oliol HlA‘IEI‘I A'IIIO Ol H'6|__T|_ EH

S48 1KY M-O202 HANoE MY 4 US
, $O|Z, AdS/CFT TH3H S8 CHECt

mjo
o
el
rot
o

X352 0|, D-2lu ¥-2Ux 0|2

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. B 8t2 (Statistical Mechanics 1)

AbHBIO| QHEO| 27} scallng theory, renormalization group theory 62 <3|l Ising & 2| &Hz}0
Ciot S5t RPE ZFSCE Superfluid He s SA Yt S-St research topick 2 3ICE Boltzmann
equation S Hl‘é"é SAHYste CHELCE

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. EHEYSHEE (Statistical Thermodynamics)

o % HEHAAO it 7[x O[2E <oICt O|F 7|Et2E self-organization, diffusion-reaction dynamics
SOl thet Mol g+ =25 ol3le = U= SHS Bttt

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.

r

IXfPEAAEEZET (Computational Methodology for Electronic Structures )

HARAZE Oloiste AAS7| s East 7|25 HHES 4mrh 2o 582 oM &
21 ground state®| MXMLZEQF CHYPH excitation SO ZAHE Yot HEHu 0|29 GZEAZ
7] {2t 80| ZHEICE

O It mo R
ot oy
_<,>_Fr|rl_0

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. FAXfPEHAEHEZE2 (Computational Methodology for Electronic Structures 1)

WX 7HE B0l AM2E|D RUE pseudopotential methodOl CHs B O] WS ECf2 MAAXE ALt
= l= empirical pseudopotential &8I} density functional theoryO| CHSHA| AI§&ELCt Hamitonian2|
WHEAZ o CHED basisE YOHZLY.

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. AXEE/5E1 (Advanced Solid State Physics )

T2, phase transition, glass transition, ZEZX} S0| CHst O|E1t X-ray, Raman scattering,
photoluminescence S0 &3t 0|2 I A3 WHZ A1 1M 2|0 2Ast A7 =22 olaig =
= sHE HYst=F oot

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. AXZE[5E2 (Advanced Solid State Physics i)
HAHA 22t 2 ZI3AOILIOIE HIFHE BtEXO|M |XTE, 2tetde, 2EN, MAtES

HIEE gt=Nel =84S CHEL.

M
o
>
0x
ul
oln

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

20. AXZE[5E3 (Advanced Solid State Physics Il
FEM MAOME| Ols8L, MXtS, it percolation 52 2Xtel I 3XHAA O CHSHO CHECEH

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

21. dXZE[5E4 (Advanced Solid State Physics IV)
HIEE Bt M AXQI EfYTX|, SAZ| E8, SHLX| A}, HUEMXAY QXA S CHELCL

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

22. X}EHE 28 (Magnetism and Magnetic Materials)

AF=2et dti=2|oMel At7| ZHMEQS JES CHRL, HAHY, dAhY, nd=%g, §5Ad24E
dAg, B AHY, Hlsdd 2 2229 Ardoj st 0|22 eltt
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&E32/5E1(Advanced Applied Physics 1)

S8&=2Y JoM 2SN 24 AT 7|22 47| fI5to "ol dEHA SFHel 5o oist X[AME
5ot A 5F FH|2 ZE2(0f st A= UAA sttt

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, £&EE|5E2(Advanced Applied Physics Ii)
SE=EEEI0M S5 2EHH 24 Ao 7|22 EUZ, 5F HolHoM £ duE 24sit=
sHE 29 CtYe M=o Ciof CH4X =40| 7tst A1 HiYE THZ ot}

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. E}2IHEe4A 2 (Ellipsometry Data Analysis)

EteEddEAel 7| O 3 2X data SiMBES ATICE Complex refrective index, Kramers-Kronig
relations, one-electron model §2| O[22 LR 7|=HQl oAt F=5t0] =2|H O[sfE =0/H ERRA
SZ0r0l| Chet SE3S HiYetot.

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)

EfpEIsHMHO| MotaPd 22 Mueller matrix, anisotropic material, critical point analysis & CHELC O]
dHe Az 245 g0l g MBS o[8c U4 FZS Sl EtdAS=E0e SEE A7sHS H
e otLt,

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. HX}E 28t (Electronics 1)
=C|e deE sHWst=0 29t X I3 XA

NES CHECL

o

2|2 0|2 S22 Yol Otz [AEee| 7|&2

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 ZTIX}E2/8f2 (Electronics )
CIX|E MAtSEol 7|22 25| 0| 0|8% 822/ o2 7HX| FF7|7|9] SAHJAEE Ct

—

Ct.

0

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 8 (Nanomaterials)
Lt HESOA 2HEs CHYet Sds0 #2358 41019 AZAE =29
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This lecture introduces multiple physical properties on nano materials. Correlations of those physical
properties are also introduced.




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

SEHOl FRITE, WETE R U SHO| B JIENQ ABSS YYD, pn¥Y, £E7| B,
MOS, MOSFET, MAZ Dt EMRIAEQ] NIWH I 0243 BL=Ho] AT ARE & & AL 7|EX|4
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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. YX}HEE/EE1(Advanced Topics in Particle Physics 1)

O|2 ABXI=E|Eo 7|2AtE A Q% A gatE CHELE Charm % Top Quark 2| MZ2 flavour 2t

color 7HE0| AJHEICE U(1) gauge O|ELZA Maxwell O|22 SF5I1 non-abelian gauge O|Ek CIE
=

ol ict

Ct. Topological solution2| £=&t& = Gl Weinberg-Salam Z & .
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 2XEEIEE2(Advanced Topics in Particle Physics Il)
Path integral O|22 &%t gauge O|22| YAtE CHESF vacuum = instantonO| AJHECH E
renormalization groupdt effective potential HE 20| 27411 QCD2| axial anomaly, asymptotic freedom

2 infrared problem2 CHECH

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 YXEEIE 271 (Special Topics in Particle Physics 1)

YA 8 =2l 20t 1g FHQ SAYE ZUHEEE 52 CHELL

Topics include advanced materials of particle physics such as conformal field theory and supersymmetric
field theory.

34 YXIEC/EF9 71 (Special Topics in Particle Physics 2)
LA =2 20t g FHQ T AlSZH oM Q| FHE, AAS/CFT HEd &5 CHECL

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

35,36. 2X}H H 1}5H,2(Quantum Information Science 1,2)

SR YN2|F FAFIEOEO[ 4T, Shore| £Q+&d LNZ|F Grovere| HM LNZF S ZStes &
ANz E, AT Y0l oA ShEotrt.

Introduction to quantum algorithms and information theory, Quantum algorithms including Shor's
factoring algorithm and Grover's search algorithm, Quantum error correction




37,38. ¥Xt HAFE U AE20]M1,2(Quantum Computers and Simulations 1,2)
LRAFHRL AlZ0|Me et HE0 izt SXQ HFE XML

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

simulations.

39,40. Ax} M 9 £%1,2(Quantum sensing and measurement 1,2)

YA A|LES 0|88 2 MY A FFS 2l Aa 7l BHMS oldfettt

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

42, EXHE A4S 1,2(Quantum Communication and Cryptography 1,2)
| ol YRS A LA Y=ol o, FAHE|el FHEE WSSt SR SAVIE ME

(==}

= =
FY €2l 38 &2 otLtel LA7| =80l CHol M =f=ettt.

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.

43,44. ¥R 2 AHE1,2(Quantum Information Experiment 1,2)

AR e WS FASY| A MYS Hrfotn AN MY MeS FYCL
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Experience designing and performing experiments to investigate quantum information phenomena.

45 15 Y¥XY 12| F(Advanced Quantum Algorithms)
LAz 2Q =X EXE SiZsts YA L2|F, LX AREH s otA, LX & X Joto] CHoHA &t
&otC}

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

46. 15 YXEE oIE(Advanced Quantum Information Theory)

SRSk AEZD S FAPYEO|ES Ug O|F Ao CHehAM Sh&SCt

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 XY E H0bH| A A[1,1I(Quantum Information Research Project 1,2)
AP Etet A o TEMEE £t O A AnE EEY 5+ UEE X[t

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

49 Yxp™ B ARQIE (Quantum Information Research Intern)
YA ket 20Fe| ILQ| 4tetel et JF0f FOfBtC

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




50, 51. =2X|E1,2,(Thesis Research 1,2)
A7 F=E2 HANO|L =2|FeE £ 5= JAEE X|=3Ch

Developing academic writhing skill through logical thinking.




