PHY 4605, Spring 2001

WAVE MECHANICS II

“Introduction to Quantum Mechanics II”

Faculty: 

Prof. Brian Tonner, Department of Physics

MAP 310

Office Hours: Tu Th 8:00-11:00 and by appointment (recommended)

Schedule: MWF 12:00-12:50; MAP 407

Textbook: Liboff, Introductory Quantum Mechanics, 3rd Edition (1998)

Evaluative Materials:

	Take-home quizzes (homework)
	10%

	5 Independent Projects (10% each)
	50%

	Mid-term examination (in-class)
	15%

	Final examination (in-class)
	25%

	Total
	100%

	Extra credit (corrected projects)
	10%, max


Homework assignments are required, and must be submitted on the due date. Completed solutions will be made available. The homework sets are treated as take-home quizzes, but are graded liberally. You may consult any sources you wish to complete the homework, but your submitted solutions must be your own.

A very heavy emphasis is placed on the 5 independent projects. These projects will be in the form of in-depth quantum mechanical model problems. Each project must be submitted in the specified format. The projects will typically have two components; a section for an “analytical” (paper and pencil) solution, plus a mandatory numerical calculation that must be solved using computer programming techniques.

Requirements and pre-requisites:

The course assumes successful completion of “Wave 1”, PHY 4604. This course builds upon the concepts introduced in the first semester. The independent projects require both a knowledge of introductory differential equations, and the ability to program in a high level language (C, Fortran, Pascal, Basic, etc.). Familiarity with Excel is a plus.

Attendance in class is mandatory.

Plan of Study

Part 1: One-dimensional Potentials

	No.
	Date
	Topic
	Section
	Notes

	1
	Jan 8
	Introduction
	
	

	
	
	Infinite Square Well
	4.1
	

	
	
	Finite Square Well
	8.1
	

	2
	Jan 15
	Continuity Equations
	7.5
	MLK day

	
	
	Barrier Potential, T & R
	7.6, 7.7, 7.8
	

	3
	Jan 22
	Tunneling, WKB, Ramsauer
	7.8, 7.9, 7.10
	

	
	
	Transfer Matrix
	11.14
	

	
	
	1D SHO
	7.2
	

	4
	Jan 29
	Triangle potential
	
	

	
	
	Delta Function Potential
	
	

	5
	Feb 5
	Double well (“molecule”)
	8.7
	

	
	
	Periodic Lattice
	8.2, 8.3, 8.4
	

	6
	Feb 12
	Perturbation Theory, 1D
	13.1
	

	
	
	Multi-particle 1D systems
	12.3, 12.5
	


Part 2: Three dimensional potentials (and some 2d)

	No.
	Date
	Topic
	Section
	Notes

	7
	Feb 19
	Plane waves, Cartesian cords.
	10.1
	

	
	
	Angular Momentum
	9.1, 9.2, 9.3
	

	8
	Feb 26
	Spherical Free Particle
	10.2, 10.3
	

	
	
	Infinite Spherical Well
	10.3
	

	
	
	Finite Spherical Well
	
	

	9
	March 5
	Central Potential
	10.5
	

	
	
	3D SHO
	
	

	
	Spring Break
	
	
	

	10
	March 19
	Hydrogen atom
	10.6
	

	
	
	Thomas-Fermi model
	10.8
	

	
	
	Total angular momentum (J), L-S
	12.1
	

	
	
	One electron atoms (spin orbit)
	12.2
	

	11
	March 26
	Fine-structure
	12.2
	

	
	
	Relativistic effects
	12.2
	

	
	
	Pauli Principle
	12.3
	

	
	
	Periodic Table
	12.3, 12.4
	

	12
	April 2
	Exchange symmetry
	
	

	
	
	Helium atom
	12.6
	

	
	
	Hydrogen molecule
	12.7
	


Part 3: Scattering Theory

	No.
	Date
	Topic
	Section
	Notes

	13
	April 9
	Partial waves
	14.1
	

	
	
	S-wave scattering (attract. Sphere)
	14.2
	

	
	
	Repulsive sphere
	14.2
	

	
	
	Center-of-mass
	14.3
	

	14
	April 16
	Born approximation
	14.4
	Or, Time-depend.

	
	
	Screened Coulomb
	14.4
	

	
	
	Lippman-Schwinger
	14.6
	


Part 4: Interactions

	No.
	Date
	Topic
	Section
	Notes

	15
	April 23
	Matrix mechanics
	11.1, 11.2, 11.3, 11.4, 11.5
	Classes end

	
	
	Heisenberg picture
	
	

	
	
	Semi-classical radiation (p, A)
	
	


INDEPENDENT PROJECTS

(specific instructions will be distributed for submission of projects)

	No.
	DESCRIPTION
	DUE

	Part 1
	
	

	1
	Wavefunction of 1D potential of arbitrary shape
	Feb 2

	2
	Energy levels of perturbed infinite/finite well
	Feb 23

	
	
	

	Part 2
	
	

	3
	Radial wavefunction for V( r )  
	March 19*

	4
	Transition rates; radiative absorption
	March 30

	
	
	

	Part 3
	
	

	5
	Scattering from a “medium” (quasi-static, potential reacts to passage of particle)
	April 23


*late submission for project 3 because of Spring Break.

