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Quantum Mechanics, continued!

In the second quarter of Physics 115, we continue our development of the theory of quantum mechanics and apply the theory to a number of key systems. All of the concepts and techniques that we developed in Ph 115a will be essential.

3. Goals of this Class

· To analyze the quantum harmonic oscillator, a system of great importance with extensive applications in real physical systems.

· To derive the Heisenberg uncertainty principle and to understand its consequences.

· To learn how to treat systems with more than one dimension or degree of freedom, including multiparticle systems.

· To systematically investigate the role of symmetries and conservation laws in quantum mechanical problems.

· To study angular momentum in the context of quantum mechanics.

· To analyze the hydrogen atom, one of the most important systems in physics.

This is a very ambitious set of goals—you will need a disciplined approach to keep up with all of this material. 

How to Succeed in This Class
After one quarter of quantum mechanics, you have some appreciation of how difficult the subject is. As you gain experience with quantum mechanics, it is important that you go back to the material from Ph 115a and try to understand it better. Each new subject provides a useful context for reviewing this material and for applying it in new ways. Here are some of the topics we have covered in Ph 115a that you will encounter again and again:

1. Mathematical tools: vector spaces and operators

2. The postulates of quantum mechanics

3. Applying the Schrodinger equation 

4. Understanding the results obtained from solving the Schrodinger equation

Many students still have conceptual problems with this material, as well as difficulties in applying the various techniques that we have developed. At this point it is worth recalling Richard Feynman’s observation that learning quantum mechanics is like painting a house: you need more that one coat of paint. In fact, you need to be continuously applying new coats of paint!  

Here are some specific suggestions on how to do well in Ph 115b:

4. As for most physics classes, the single most important thing is to do the problem sets as well and as carefully as you can. You have to grapple with quantum mechanics yourself. 

· Important note: copying of other people’s homework solutions is strictly not allowed. It’s perfectly fine to discuss and argue about homework problems with your friends, but you must write them up yourself. Our TAs are on the lookout for homeworks that are very similar.
·  You should review old problem sets from time to time to check that you have assimilated the material.

· Remember things. Many physics students are disinclined to remember important results, thinking that these can always be derived or looked up whenever necessary. However, if you remember things, it will greatly facilitate both learning new material and solving problems: the amount of  “new” material will seem less, because you will be more familiar with the old material used in the derivations. In addition, you will develop a better intuition, because you will remember how wave functions (and other quantities) behave. 

5. Given the difficulty of the subject, it is important to work especially hard to keep up. In studying my lecture notes or the text, you will generally need to go over the material several times. Reading the text or lecture notes is not enough. You have to actively carry through the derivations and analyses on your own. Some students simply try to read the same thing over and over again, and then discover that they aren’t learning any more by doing so. A better approach is to read through the material once or twice and then try to derive the results on your own, referring to the text only if you are stuck. If you don’t understand a particular aspect of the analysis, note this down and continue. Then, bring your list of questions to class, discussion section, or office hours.

6. Be an active listener and a participant in lectures. It is essential to make the best use of your time in lecture. This means really paying attention, taking good notes, and asking good questions. But don’t just be a note-taker! Questions from students are usually incredibly helpful to everyone—professor and other students—by helping the professor to clarify confusing points and to make sure that the most important information does not get lost in the details. Often, the best students are the ones who ask questions, since others feel that they do not know enough to ask one. I strongly encourage you to ask questions even if they are not perfectly formulated! 

7. You are encouraged to find other books on quantum mechanics—there is a vast number—to find alternative presentations, examples, and problems. Don’t let the class set the boundary for your learning. There is no boundary!

8. The Friday recitation sections are extremely important.  They are a great opportunity to resolve questions that are bothering you.

Grades, Homework, Tests, and All That Stuff

· Homework will be assigned on Wednesdays and is due on the following Wednesday. A penalty will be applied to late homework.
· Lectures: Mon, Weds—11:00—12:15 PM in Broida 1019
· Recitation section (required) F 11:00-- 11:50 AM in Broida 1015
· Office hours: TBA
· Graduate Teaching Assistant: Lawrence Lin
· TA PLC hours: TBA
1. Grading policy:
· Homework: 30%
· Midterm: 30%
· Final exam: 40%
· Textbook: Principles of Quantum Mechanics by R. Shankar
· Midterm Exam Date: see schedule below.
· Final Exam Date: Wednesday, June 12, 12 noon—3:00 PM.
Books on Reserve

I have put a number of books in the Reserve Book Room of the Davidson Library. There is a broad range in the style of presentation, and you may find some much more helpful than others.

1. C. Cohen-Tannoudji,  B. Diu, F. Laloe, Quantum Mechanics, Vols. I and II. An impressive book; rather long but extremely detailed. Often used as a textbook.

2. R. Liboff, Introductory Quantum Mechanics. Used in last-year’s course as textbook; a good book. 

3. A. Goswami. Quantum Mechanics. I haven’t read it, but some people think highly of it.

4. D. Griffiths, Introduction to Quantum Mechanics. By a prolific textbook writer; used at many universitites. Some students complain that it does not have enough information and can be confusing.

5. A. Messiah, Quantum Mechanics, Vols. I and II. A classic, somewhat advanced treatment. 

6. D.T. Gillespie, A Quantum Mechanics Primer. Short and easy. Helpful if you are totally confused.

7. L. Landau, Quantum Mechanics. A classic; difficult.

8. M. Morrsion, Understanding Quantum Physics. I haven’t read it.

9. A. Migdal, Qualitative Methods in Quantum Theory. A very interesting book, with many physical examples and ingenious methods for solving them. Probably best appreciated after a quarter or two of quantum mechanics.

10. J. Singh, Quantum Mechanics. A perspective from an expert on technological applications.

11. G. Gamow, Thirty Years that Shook Physics. An amusing historical book, with photographs of Bohr riding a motorcycle, Heisenberg in a bathing suit, and Fermi playing tennis.

12. D. Park, Introduction to the Quantum Theory. An old standby. I haven’t read it.

13. A. Yariv, An Introduction to the Theory and Applications of Quantum Mechanics. A perspective from a famous laser physicist.

14. P. Landshoff, A. Metherell, G. Rees, Essential Quantum Physics. A short book with some physical examples. Supplemental text for this course.

15. H. Ohanian, Principles of Quantum Mechanics. I haven’t read it.

16. E. Taylor and J. Wheeler, Spacetime Physics. A great book to brush up on your special relativity or to learn it for the first time. Very pedagogical and interesting.

Ph 115b: Preliminary Schedule for Spring 2002

Class
Date
Topics
Chapters (Shankar=S)

1
Mon, Apr 1
Quantum Harmonic Oscillator
S7

2
Weds, Apr 3
Quantum Harmonic Osc.
S7

3
Mon, Apr 8
Quantum Harmonic Osc.
S7

4
Weds,  Apr 10
Quantum Harmonic Osc.
S7

5
Mon, Apr 15
Heisenberg Uncertainty Relations
S9

6
Weds, Apr 17
Systems with N Degrees of Freedom
S10

7
Mon, Apr 22
Symmetries and their Consquences
S11

8
Weds, Apr 24
Symmetries and their Consequences
S11

9
Mon, April 29
Symmetries and their Consequences
S11

10
Weds, May 1
Symmetries and their Consequences
S11

11
Mon, May 6
Rotational Invariance and Angular Momentum
S12

12
Weds, May 8
MIDTERM EXAM
Covers material from Lecs 1-10.

13
Mon, May 13
Rotational Invariance and Angular Momentum
S12

14
Weds, May 15
Rotational Invariance and Angular Momentum
S12

15
Mon, May 20
Rotational Invariance and Angular Momentum
S12

16
Weds, May 22
Hydrogen Atom
S13

17
Mon, May 27
Memorial Day 


18
Weds, May 29
Hydrogen Atom
S13

19
Mon, June 3
Hydrogen Atom
S13

20
Weds, June 5
Hydrogen Atom
S13

9. Note that we are skipping Chapter 8 of Shankar on the “Path Integral Formulation of Quantum Theory.” This is a very interesting topic but is more appropriate to a graduate-level course. But if you should feel free to read this chapter anyway!
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