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	課號
Course Code
	2202005/2202007
	全英文授課
EMI
	□是      ■否

	課程類別
Course Type
	□人文關懷課程            □競賽專題課程         ■問題導向課程
□專題導向課程           □總整課程             □實作課程
□其他

	課程名稱（中文）
	基礎物理（三）/基礎物理演習（三）

	課程名稱（英文）
Course
	    Fundamental Physics (III)

	學年
Academic Year /Semester
	 115學年度第1學期
		學分
Credits



	4

	學系（所）
Department
	 物理系
	必選修
Compulsory/Elective
	  ■必修 Compulsory
  □選修 Elective

	上課時間
Class Hours
	星期二、星期四(4,5)
	上課地點
Classroom
	物理館107

	教師
Instructor 
	包健華
	教師 Email
Instructor’s Email
	phychp@ccu.edu.tw

	助教
Teaching Assistant
	 
	助教Email
TA’s Email
	

	先修科目或
先備能力
Prerequisites
	This course holds a central position in the Physics major curriculum. Proficiency in Calculus (I) & (II) and Fundamental Physics (or General Physics) (I) & (II) significantly contributes to success in this particular course. You need to pass all these four courses to be eligible to enroll this course.


	課程概述
Course Descriptions
	In this introductory phase, the focus is on the experimental foundations of quantum physics, delving into topics such as the photoelectric effect, Compton scattering, photons, the Franck-Hertz experiment, the Bohr atom, electron diffraction, de Broglie waves, and the wave-particle duality of matter and light. The curriculum also introduces wave mechanics, covering Schrödinger's equation, wave functions, wave packets, probability amplitudes, stationary states, the Heisenberg uncertainty principle, and zero-point energies. Students will explore solutions to Schrödinger's equation in one dimension, including transmission and reflection at a barrier, barrier penetration, potential wells, the simple harmonic oscillator, spin and the addition of angular momenta, identical particles, quantum statistics, and entanglement.
1. Why should we study quantum physics?
· Introduction to Superposition
· Experimental Facts of life         
2. The basic postulates in Quantum Physics
· The Wave Function 
· States: the wave function
· The meaning of wave function: Probability
· Superposition
· Fourier transformation
· Expectations, Momentum, and Uncertainty 
· Normalization
· Probability: statistical interpretation
· Uncertainty
· Momentum
· Operators and the Schrödinger Equation (Problem Set 2 Due)
· Operators and linear operators
· Eigenfunction and eigenvalues
· Commutator and Uncertainty
· Observables and operators
3. The Schrödinger Equation 
· Solving the Schrödinger Equation
· Energy eigenfunction
· Free particle
· Degeneracy
· Particle in an infinite square well potential
· More on Energy Eigenstates: qualitative analysis of energy eigenfunctions
4. The Schrödinger Equation in one dimension
· Quantum Harmonic Oscillator
· Operator Methods for the Harmonic Oscillator
· Bound states of the Finite Well and 1D delta well
· Dispersion of the Gaussian and Scattering off the finite potential step and well
5. Formalism and Quantum dynamics
· Introduction
· Vector space: Dirac notation
· Quantum states
· Linear operators
· The Postulates
· Examples: constructing spin operators
· Time and change
· Example: a spin in a constant magnetic field
· Schrödinger picture vs Heisenberg picture
· The uncertainly relation
· Position, momentum and translation operator
6. Symmetry, degeneracies, and Angular momentum
· Symmetry, degeneracies, and Angular momentum
· Angular momentum
7. Schrödinger equation in 3D with a central potential
· The radial equation in 3D Schrödinger equation
· The free particle in 3D and spherical Bessel functions
· Infinite and finite spherical well potential
· The radial equation of H-atom, associated Laguerre polynomials, and breaking the degeneracies
8. Addition of angular momenta
· Addition of angular momenta
· [image: ]
· The addition of spin 1/2 and orbital angular momentum (L), Clebsch-Gordan coefficients for [image: ]
· Addition of two angular momenta
· Additional symmetry in H-atom: Runge-Lenz vector

	學習目標
Learning Objectives
	This is the third part of the core courses for Physics major in track B. The main topics will  focus on the basic concepts in quantum physics.

	教科書及參考書
Textbooks And References
	1. Quantum Physics, 3rd Ed,. Stephen Gasiorowicz, (Wiley, 2003).
2. Introductions to Quantum Mechanics, 2nd Ed., David J. Griffiths, (Prentice-Hall, Inc., 2004).
3. Principles to Quantum Mechanics, 2nd Ed., R. Shankar (Plenum Press, 1994).
4. Modern Quantum Mechanics, 2nd Ed., J. J. Sakura (Addison-Wesley,
「請尊重智慧財產權，不得非法影印教師指定之教科書籍」



	教學要點概述

	教材編選
Teaching Materials
	□自製簡報(ppt)     □課程講義        □自編教科書
□教學程式        □自製教學影片     ■其他(教科書作者提供)

	教學方法
Teaching Method 
	■講述(板書)     □小組討論    □學生口頭報告    □問題導向學習
□個案研究      □其他

	評量工具
Evaluation 
	■期中考40%    ■期末考50%    ■Quizs10%    □隨堂作業
□課後作業      □期中報告       □期末報告        □專題報告
□評量尺規      □其他 

	教學資源
Teaching Resources
	■課程網站       □教材電子檔供下載      □實習網站

	與SDGs目標的關聯
Related to Objectives Of SDGs
	□SDG 1 終結貧窮                   □SDG 2 消除飢餓             
□SDG 3 健康與福祉                 ■SDG 4 優質教育   
□SDG 5 性別平權                   □SDG 6 淨水及衛生
■SDG 7 可負擔的潔淨能源           ■SDG 8 合適的工作及經濟成長 
■SDG 9 工業化、創新及基礎建設     □SDG 10 減少不平等
□SDG 11 永續城鄉                  □SDG 12 責任消費及生產
□SDG 13 氣候行動                  □SDG 14 保育海洋生態
□SDG 15 保育陸域生態              □SDG 16 和平、正義及健全制度
□SDG 17 多元夥伴關係              □無關聯

	教師
相關訊息
Instructor’s Information
	Course prerequisite: grades of Calculus (I) & (II), General Physics (I) & (II)(4 units): 50 or above

	每週課程內容
Weekly Scheduled Contents

	第一週：Introduction: why should we study quantum physics?

	第二週：The basic postulates in quantum physics(I): the wave function, expectations, Momentum, and uncertainty.

	第三週：The Schrödinger Equation (I)

	第四週：The Schrödinger Equation (II)

	第五週：The Schrödinger Equation in one dimension (I)

	第六週：The Schrödinger Equation in one dimension (II)

	第七週：The Schrödinger Equation in one dimension (III)

	第八週：Midterm, Formalism and Quantum dynamics (I)

	第九週：Quantum dynamics (II)

	第十週：Quantum dynamics (III)

	第十一週：Symmetry, degeneracies, and Angular momentum (I)

	第十二週：Symmetry, degeneracies, and Angular momentum (II)

	第十三週：Schrödinger equation in 3D with a central potential (I)

	第十四週：Schrödinger equation in 3D with a central potential (II)

	第十五週：Schrödinger equation in 3D with a central potential (III)

	第十六週：Addition of angular momenta (I)

	第十七週：Addition of angular momenta (II)

	第十八週：Final exam

	核心能力
Core Competencies

		核心能力
Core Competency
	本課程與核心能力關聯強度
Degrees of related to core competencies

	
	1
	2
	3
	4
	5

	專業能力
Specific
Competency
	專業能力1：具備物理領域之基本知識
	
	
	
	
	✓

	
	專業能力2：具備執行物理及相關領域專題
            研究之能力
	
	
	
	✓
	

	
	專業能力3：具備閱讀物理相關論文之能力
	
	
	
	✓
	

	
	專業能力4：具備邏輯推理及解決相關問題
            之能力
	
	
	
	
	✓

	
	專業能力5：具備終身自我學習成長之能力
	
	
	
	
	✓
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