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Introduction (including order of magnitude estimation, significant figures of measured values and error
representation), vector inner product, outer product review and differential operations, force and motion,
Newton's laws of motion, work and energy, conservation of mechanical energy, conservation of linear
momentum, moment of inertia, rigid body rotation about a fixed axis, pure rolling, angular momentum,
static equilibrium, temperature and the zeroth law of thermodynamics, the first law of thermodynamics,
kinetic theory of ideal gases, the second law of thermodynamics, Carnot cycle and thermodynamic

temperature scale.

(Time allocation: Mechanics 11-12 weeks; Thermodynamics 3-4 weeks)
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Oscillation and wave, electrostatic field (Gauss's law), electric potential, capacitance and dielectric, static
magnetic field (Biot-Savart law and Ampere's circuit law), electromagnetic induction (Faraday's law of
induction), inductance, Maxwell's equations, modern physics (Planck's quantum principle, matter wave,

wave-particle duality, stationary Schrodinger wave equation, correspondence principle).

(Time allocation: Oscillation and wave 3-4 weeks; Electromagnetism 8-9 weeks; Modern physics 2-3
weeks)
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Orthogonal curvilinear coordinates (Cylindrical coordinates, Spherical coordinates), Vector analysis



(Vector field, Gradient, Divergence and Divergence theorem, Curl and Stokes’ theorem), Ordinary

differential equations with constant coefficients (First-order, Second-order differential

equations), Delta function and Levi-Civita symbol.
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Students will use Python to implement and apply numerical techniques to solve problems in

integration, interpolation, ordinary differential equations, and linear algebra. They will also learn to

enhance problem-solving efficiency using machine learning and Al-related techniques.
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Ordinary differential equation with boundary value problems, Matrices and Eigen-value problems,

Fourier analysis, Laplace transform.
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Vector Analysis, Electrostatics, Special Techniques for Calculating Potentials, Electrostatic fields in

Matter, Magnetostatics, Magnetostatics field in Matter, Electrodynamics, Electromagnetic Waves.
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Newton’ s Laws, Conservation Laws, Oscillations, Gravitation, Some Methods in the Calculus of

Variations, Lagrangian and Hamilitonian Dynamics.
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Geometrical Optics, Wave Optics, Interference, Coherence, Polarization,

Diffraction.
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Planck’ s Theory of Blackbody Radiation, The Photoelectric Effect, The Compton Effect, Matter
Waves, Different Models of the Atom, Schrodinger’ s Theory of Quantum Mechanics, Time

Independent Schrodinger Equations for Simple Examples, Time Independent Schrodinger Equations
for Hydrogen Atom, The Stern-Gerlach Experiment, The Spin-Orbit Interaction, The Zeeman Effect,

Multielectron Atoms, Molecules.
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Temperature and the Zeroth Law of Thermodynamics, Simple Thermodynamic System, Work, Heat
and First Law of Thermodynamics, Kinetic Theory of the Ideal Gases, The Second Law of
Thermodynamics, The Carnot Cycle and the Thermodynamic Temperature, Entropy, Phase

Diagram of a Pure Substances, First-Order and Second-Order Phase Transitions, Introduction to

Statistical Mechanics (including Partition for Canonical Ensemble, M-B ~ F-D ~ B-E distributions),

Thermal Properties of Solids.
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Introduction to Semiconductor, Diodes, Bipolar Junction Transistors, Field-Effect Transistors,

Transistor Amplifier Circuits
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Basic Measurement, Force & Equilibrium, One Dimensional Collision, Pendulum, Simple Harmonic
Motion, Mechanical Resonance, Moment of Inertia, Equivalence of heat and work, Thermoelectric
Conversion. Refractive Index of Glass Prism, Laws of Imaging, Optical Diffraction, Basic
Electrostatics, Field Lines & Equipotential Lines, Resistance & Resistivity,
Temperature-Dependency of Resistors, Characteristics of Diodes and Transistors, Plate Capacitor,
Current Balance, Magnetic Fields of Current-Carrying Coils, Self-Inductance of a Long Solenoid,

Transformer, ¢/ m rati o o f el ectr on, Photoelectric Effect.
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Multi-meter operations and Basic DC circuits, Oscilloscope Operation, Function, Generator
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Operations, RC circuits, RL circuits, Rectifier circuits, Rectifier circuits and Voltage doublers, Ohm’ s
Law, RC ~ RL Circuit, RLC Circuit, Diode Lab - Part 1, Diode Lab - Part 2, Measurement of

Force Effects in the Electric Field, Basic Current Balance, Force Effect of Currents, Measurement of
Magnetic Field of Single Coils, Magnetic Fields of Paired Coils in Helmholtz Arrangement, Hall

Effect in p-Ge/n-Ge, Faraday’ s Law, Transformers, Microwave I, Microwave II.
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Voltage Source and Current Source, Thevenin Theory, Trouble Shooting, Characteristic Curve of Diode,
Diode Models, Rectifier Circuits, Input Filtering Capacitor, Voltage Multiplier Circuits, Limiter and
Clipper Circuits, DC Clampers and Peak-to-peak Detectors, Zener Diode, Zener Diode Rectifier,
Photoelectric Devices, Collector-Emitter Junction, Transistor Characteristics of

common-emitter, Base Bias, LED Dirver, Establishing a Stable Q-point, PNP Transistor Biasing,
Transistor Biasing, Coupling and By-Pass Capacitors, AC Emitter Resistance, Common-Emitter
Amplifier, Other Common-Emitter Amplifiers, Cascaded Common-Emitter Amplifiers, AC Load Line,
Emitter Follower, Class B Push-pull Amplifiers, JFET Characteristic Curve, JFET Biasing, JFET
Amplifier, VMOS Circuit, Differential Amplifier, Operational Amplifier, Non-inverting Feedback,
Negative Feedback.
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Polarization, Self-imaging, Fresnel diffraction, Fraunhofer diffraction, Optical design, Holography,

Fiber Optics, Faraday effect, Acousto-optic modulation.
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In the 2nd year, we provide students to do real research on a variety of active subject areas in our

department. Students will obtain the ability to analyze and solve the realistic problems as well trained
physicists. Furthermore, frontiers in different physics fields will also be highlighted in this course.
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Franck-Hertz Experiment, Stefan-Boltzman Radiation Law, Photoelectric Effect, Emission Line
Spectra for Hydrogen Atom, Fine Structure, Crystallization Processes, Energy Gap Measurements of a
Semiconductor, Zeemen Effect, Electron Spin Resonance, Magnetic Susceptibility Measurements of
Magnetic Materials, Thermal Analysis-Determination of Phase Diagram for Pb-Sn Alloy,

Brownian Motion and Boltzmann Distribution, Coherence of Light.



