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The law of motion

Circular motion and other applications of Newton’s laws
Energy of a system

Linear momentum and collision.

Rotation.

Angular momentum.

Static equilibrium and elasticity.

Universal gravitation.

Fluid mechanics.

10. Oscillatory motion.

11. Wave motion.

12. Sound waves.

13. Superposition and standing wave.

14. Temperature.

15. The first law of thermodynamics.

16. The kinetic theory of gases.

17. Heat engines, entropy, and the second law of thermodynamics
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Physics is the fundamental knowledge of science. The students can learn basic physics
knowledge. Students can have ability to understand the information related to physics and
use physic principle to solve practical problems.

[+ #%m %] 1. Electric fields and Gauss’s law
2.  Electric potential




3. Capacitance and Dielectrics
4. Current and Resistance
5. Direct-current circuit
6. Magnetic fields
7. Sources of magnetic fields
8. Faraday’s law
9. Inductance
10. EM wave
11. The principles of ray optics
12. Wave optics
Diffraction
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[ 3™ %] 1. A Brief History of Modern Physics
2. Relativity:
postulates; consequences of special relativity; the Lorentz transformation; relativistic
momentum and energy
3. Particle Properties of Waves:
blackbody radiation; photoelectric effect; X-rays; Compton effect
4. Wave Properties of Particles:
de Broglie waves; uncertainty principle
5. Atomic Structure:
the composition of atoms; atomic spectra; the Bohr atom
6. Introduction to Quantum Mechanics:
wavefunction; Schrodinger's Equation; simple one-particle systems in 1D; tunnel
effect; expectation values; observable and operator
7. Quantum Theory of the Hydrogen Atom




8. Many-Electron Atoms: Electron Spin; Exclusion Principle
9. Statistical Mechanics:
Maxwell-Boltzmann statistics; quantum statistics
10. Introduction to Solid State Physics:
band theory of solids; semiconductor; superconductor
11. Nuclear Structure:
Nuclear composition; radioactivity; fission; fusion
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1. Electric Circuit: circuit and circuit elements; basic circuit analysis

2. Semiconductor materials and Diode: semiconductor materials and PN junction; circuit
analysis models of diode

3. Diode circuit: applications of diode

4. Field effect transistor: [-V characteristic of MOSFET; MOSFET DC analysis model;
Basic MOSFET applications

5. Basic FET Amplifier: MOSFET AC analysis model; MOSFET amplifier circuits

6. Frequency response: frequency response of amplifier; Frequency response of FET
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In the end of the course, the students will be able to explain the basic laws in
electromagnetics, master vector analysis, solve static electromagnetic problems in vacuum
and in matter, solve for the time-varying fields. These knowledge and techniques can be
applied in more advanced studies and applications.
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Electromagnetism is one of the core courses required of all majors in physics, electrical,
electronic, and optoelectronic engineering. It is an essential training for future engineers
working in the broad related fields, and also a prerequisite for advanced study in graduate




physics courses.

+3mn F] 1. Time-Varying Fields : Faraday’s Law, Maxwell Equations , Boundary conditions ,
potential functions
2. Plane Waves : Wave equations, time-harmonic fields , EM wave in vacuum, EM wave
in matter , Poynting vector, normal incidence, oblique incidence
3. Transmission Lines
4. Waveguide and Cavity Resonators
5. Antennas and Radiating Systems
6. Relativity
[ 3]
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Learn basic knowledge about the electrical circuits and understand how to realize it through
laboratory. The students will learn preliminary knowledge about electrical circuit and
electronic devices used in modern technology and experience how to realize several simple
circuits.
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Basic circuits

Basic circuits laboratory
Basic electronics

Analog circuit laboratory
Digital circuit
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Digital circuit laboratory
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Functions and Models

Limits and Derivatives
Differentiation Rules

Applications of Differentiation
Integrals

Applications of Integration
Techniques of Integration

Further Applications of Integration
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Parametric Equations and Polar Coordinates
Infinite Sequences and Series

el
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Vectors and the Geometry of Space
Vector Functions

Partial Derivatives

Multiple Integrals
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Vector Calculus

10




[# 7]

701003001/2

QAR S Hkfh 4+ 4485 r BEIF-HrE1 4 6-8 -] p¥

EXARA

AYRARZ PR 2 B A R ot Ao TS AR AR Z B -
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Basic topology

Limits and continuity

Bounded variation function
Riemann-Stieltjes integral
Riemann-Stieltjes integral
Sequences and series of functions
Multivariable differential calculus
Integration of differentiation forms
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Lebesgue integral
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+3mr #]1 1. Differential equations and their solutions

2. First-order equations
3. Applications of first-order equations
4.  Numerical methods
5. Linear differential equations
6. Applications of second-order linear differential equations
7.  Linear systems of equations
8. Dbasic theory of linear systems, linear systems with constant
9. The Laplace transform
10. Power series solutions
11. Existence and uniqueness theory
12. Partial differential equations
13. Fourier series
14. Boundary value problems
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To make students become familiar with abstract concepts of linear algebra as a preparation
for their future study in advanced mathematics.

[ 7]

Inner product spaces
Canonical Forms

1. Vector spaces

2.  Linear transformations and matrices
3. Elementary Matrix Operators

4.  System of linear equations

5. Determinants

6. Diagonalization

7.

8.

11
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F3mr F] 1. Axioms of probability

2. Conditional Probability and Independence
3. Discrete Random Variables
4. Continuous Random Variables
5. Properties of Expectation
6. Markov Chains
7. Random walks
8. Limit Theorems
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[#%#2F #%]  This course serves as an introduction to nonlinear programming problems. Its coverage
includes both fundamental theorems and useful algorithms in continuous unconstrained
and constrained optimization problems. Students will work on projects to solve real
problems in various appliction.

[ 3%mn %] Part I Theoretical Foundations
1. Continuous unconstrained optimization problems
2. Continuous constrained optimization problems

Part IT Algorithms
1. Analysis of algorithms

2. Descent methods

3. Conjugate gradient method
If time permitted, we will include additional algorithms.
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[ 7] Sorting Algorithm

String Search Algorithm
Linked List

Binary Search Tree
Sorted Data Structure (I)
Sorted Data Structure (II)
Dijkstra Algorithm

Heap (I)

Heap (I1)

10 Hash Table (I)
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11. Hash Table (II)

12. Disjoint set (I)

13. Disjoint set (II)

14. Data structure for big data
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Solid state physics (1) and (11) 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.

BFmanr it o 02 AR PHAEREFEL P24
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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.

CoNoA~WNE
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10. Classification of solids and cohesive energy.
11. Beyond the relaxation-time approximation.

12. Surface effects.
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Introduction (I)

Experiments and Simple Models (I)

Experiments and Simple Models (II)

Piecewise Linear Maps and Deterministic Chaos (I)
Piecewise Linear Maps and Deterministic Chaos (II)
Universal Behaviors of Quadratic Maps (I)

Universal Behaviors of Quadratic Maps (II)

The Intermittency Route to Chaos (I)

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 (II)

14. Controlling Chaos (I)

15. Controlling Chaos (II)

16. Synchronization of Chaotic systems (I)

17. Synchronization of Chaotic systems (II)
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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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5. E + 12 t i{« %ﬁ
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
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3. two-level and multi-level systems
4. ideal gas of two-atom molecules
5. Ideal quantum gases

[#3x)
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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.

LR F ]

1. Fundamental Concepts
2. Time Evolution

3. One-Particle Systems
4. Composite Systems

5.  Angular Momentum

[#3x)
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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.
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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

[ 7]
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Newtonian mechanics (I)

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)-(11)

Coupled oscillations (I)-(II)

Continuous systems (I)-(II)

The special theory of relativity

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

TR F] R AR R RE D kS e
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.

[P 7]

1. Data analysis and visualization

2. Crash course in C

3. Random processes

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

5. Path integral Monte Carlo
6. Matrix operations and eigenvalue problems
7. Optimization methods
[ 7]
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