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COURSE OBJECTIVE : to enhance the ability to comprehend new knowledge and extend
visions in academy and careers.

Wi LR R Y —“Ff R EHE S ViR
CONTENTS : weekly seminars by scholars and experts in physics and cross-disciplines.
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COURSE OBJECTIVE : to inspire the visions in physics and related disciplines.

FEPEEFRAESR
CONTENTS : weekly seminars by scholars and experts in physics and cross-disciplines.
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This course is designed to acquaint students with scientific computing and data analysis. By
the end of the course, the student will possess the basic knowledge of some widely used
computational techniques for modeling complex problems in physics, biology and social
sciences.

Data analysis and visualization

Crash course in C

Random processes

Monte Carlo methods (Importance sampling; Metropolis method; Lattice cluster
algorithms)

Path integral Monte Carlo

Matrix operations and eigenvalue problems

Optimization methods
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R 1. Introduction (I)
2. Experiments and Simple Models (I)
3. Experiments and Simple Models (II)
4. Piecewise Linear Maps and Deterministic Chaos (I)
5. Piecewise Linear Maps and Deterministic Chaos (II)
6. Universal Behaviors of Quadratic Maps (1)
7. Universal Behaviors of Quadratic Maps (II)
8. The Intermittency Route to Chaos (I)
9. The Intermittency Route to Chaos (II)
10. Strange Attractors in Dissipative Dynamical Systems (I)
11. Strange Attractors in Dissipative Dynamical Systems (II)
12. The Transition from Quasiperiodicity to Chaos (I)
13. The Transition from Quasiperiodicity to Chaos (1)
14. Controlling Chaos (I)
15. Controlling Chaos (II)
16. Synchronization of Chaotic systems (I)
17. Synchronization of Chaotic systems (II)
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Newtonian mechanics (1)

Linear/nonlinear oscillations (I)-(II)

Calculus of variations (I)-(II)

Hamiltons principle - Lagrangian and Hamiltonian dynamics (I)-(II)
Central-force motion (I)-(II)

Motion in a noninertial reference frame (I)-(1I)

Coupled oscillations (I)-(II)

Continuous systems (1)-(II)

The special theory of relativity
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COURSE OBJECTIVE : on comprehension of the theoretical frameworks of electricity and

magnetism and techniques to solve typified and application problems.
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CONTENTS :
A. fundamentals of electric and magnetic equations
1. construction of Maxwell’s equations
2. relativistic frameworks and four vectors and tensors in Minkowski space
3. conservation laws and symmetries in electric and magnetic equations
B. electrostatics and magnetostatics
1. solutions of Laplace’s equation and boundary-value problems
2. electromagnetic fields in media
3. fields of electric and magnetic dipolemoments
C. electromagnetic waves
1. plane-wave solutions of EM wave equations
2. EM wave of an oscillating charge
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This course, as the first half of a two-semester quantum mechanics course, introduces
students to the fundamental concepts and mathematical tools of quantum mechanics. Upon
completion of this course, students should have a working knowledge of the methods and

applications of quantum mechanics.

Fundamental Concepts
Time Evolution
One-Particle Systems
Composite Systems
Angular Momentum
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COURSE OBJECTIVE : on comprehension of the concepts and schemes of equilibrium
statistical mechanics, that bridge the microscopic theory and macroscopic phenomena.
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CONTENTS :
A. schemes based on finding the most probable state,
1. microcanonical ensemble : temperature and entropy
2. canonical ensemble and free energy: evaluation of partition function
3. macrocanonical ensemble: open systems
4. basics of quantum statistical schemes

B. cases for schemes of computation
1. ideal gases
2. paramagnetic system
3. two-level and multi-level systems
4. ideal gas of two-atom molecules
5. Ideal quantum gases
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Solid state physics (1) and (I1) prepare the student for the capability of performing research in
theoretical and experimental condensed matter physics. The courses also provide essential
knowledge for engaging in research and development in the high-tech industry.

Crystalline structure.

Bravais lattices and the reciprocal lattice.
Diffraction and scattering in crystal structures.
The Drude and Sommerfeld theory of metals.
Electron levels in a periodic potential.

The tight-binding and other methods for band structure.
Beyond the independent electron approximation.
Measuring the Fermi surface

Band structure of selected metals.

10. Classification of solids and cohesive energy.

11. Beyond the relaxation-time approximation.

12. Surface effects.
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The students will be motivated to develop the statistical-physics based computation skills, in
applying to explore the microscopic origins of those collective behaviors focused in the
disciplines of social sciences .

scale-invariance
empirical networks
topology of networks
Spectra of graphs

kinetic information
collective properties
coupled random walks
building model networks
epidemics on networks
10 dynamics

11. games of competition
12. games of cooperation
13. mathematical formulations
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COURSE OBJECTIVE : on comprehension of the concepts and computational schemes of
statistical physics to understand the collective phenomena in systems of large numbers of
material (or non-material) entities
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CONTENTS :
A. statistical physics and computational schemes for phase transitions and phase
transformations
1. Ising model on lattices-phase transitions in magnetic systems
2. freezing, melting, condensation and phase separation in fluid systems
3. collective phenomena of macromolecules
4. phase transitions in complex soft matters
B. analysis of collective properties based on multi-sources time series
1. random walks and diffusion
2. introduction to random matrix approaches
3. analysis of cross correlations
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Solid state physics (1) and (1) prepare the student for the capability of performing research
in theoretical and experimental condensed matter physics. The courses also provide
essential knowledge for engaging in research and development in the high-tech industry.

Classical and quantum theory of the harmonic crystal.
Measuring phonon dispersion relations.
Anharmonic effects in crystals.

Phonons in metals.

Traditional and high-Tc superconductors.

Theory of superconductivity.

Homogeneous and inhomogeneous semiconductors.
Dielectric and optical properties of insulators.
Diamagnetism and paramagnetism.

10. Electron interaction and magnetic structure.

11. Magnetic ordering.

12. Spintronics, quantum Hall effect.

CoNoOR~WNE
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This course is a continuation of QMI. After completing this two-semester sequence, students
should be able to solve a wide range of quantum systems using both exact approaches and

approximation methods.

Angular Momentum

Central Potential
Approximation Methods
Time-Dependent Phenomena
Scattering

arLOdE
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COURSE OBJECTIVE : The students will learn the basic concepts of quantum algorithm
design and be able to implement of quantum algorithms with Python and Qiskit on IBM’s
cloud quantum computers.

(-)2F T RAA

1. 234884

2. £ 5 BIER

3. 2 F TEBF DT IF
(=) 2+mkiz

4. Deutsch ~ Deutsch-Jozsa & ;2

5. 2+ B EEHE

6. &+ Fli#c s f2-Shor’s iz
(Z)EF Ei2a

4. HHREF

5. % 3 %422 Ising ¥ A A
CONTENTS :

A. Quantum circuit model

1. Introductions to quantum mechanics

2. Quantum gate operations

3. Implementation of quantum circuit with python and Qiskit in Jupyter notebook
B. Quantum algorithms

1. Deutsh algorithm, Deutsh-Jozsa algorithm

2. Quantum Fourier transform, phase estimation

3. Shor’s algorithm, period finding
C. Applications of quantum algorithms

1. Simulation of quantum systems

2. Solve the transverse Ising model with variational quantum eigensolver

755944001
[ZAz P ]

[ 7]

[ 3]

PEEF LR 38~ B AL 4 3/
AGFARVELT R S RAREF LSRR BRRA o ¥ E L A#H
EHETITE R 2 APM R R F ARG AT 4 -

vector fields

Lagrange and Hamilton mechanics

wave equations

rotation groups

tensor fields

statistical mechanics of lattice models
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