STUDY GUIDE FOR QUANTUM MECHANICS II, TEST I

Version 071001
Note:  You may bring a 3”x5” card with writing on both sides to the exam and use it.

Note:  You may not bring a calculator to this exam.

1.  Explain the following terms (or indicate what they are about) with 3 sentences or less.
“good quantum number”

orbital g-factor

spin g-factor

Lande’ g-factor

Fine structure = spin-orbit + relativistic KE + Thomas corrections + Darwin
Hyperfine structure = ‘nuclear spin-orbit’ + spin-spin corrections
Thomas precession
Lamb shift

Darwin term

Fine structure constant

Weak-field Zeeman effect

Strong-field Zeeman effect

“the 21-cm line”

degenerate

non-degenerate

singlet

triplet

2.  Other things to know


a)  how to add angular momenta.  e.g. if J = L + S and l = 3 and s =1/2 , what are 
possible j’s and mj’s ?


b)  how do you evaluate things like L·S  ?
3.  Draw the hydrogen level scheme up through n=3 (i.e. like a Grotrian diagram or especially Griffiths Fig 6.9) for the following situations.  Orbitals should be labeled with appropriate “good” quantum numbers.  You should also know the unperturbed hydrogenic energy eigenvalue formula En = (-13.6 eV) Z2eff / n2 .

a) the atom with just the central bare Coulomb force: n,l 

b) the atom including fine structure:  n,l,j

b) the atom including fine structure and placed in a weak external B-field. n,l,j,mj
4.  Try to order the following interactions from strongest to weakest for:

a) …a free, isolated hydrogen atom.



__ Central Coulomb force



__ Fine Structure


__ Lamb shift



__ Hyperfine Structure
b) … hydrogen atom positioned between polefaces of a B << 0.28 Tesla magnet..



__ Central Coulomb force



__ Fine Structure


__ Lamb shift



__ Hyperfine Structure


__ Zeeman effect

c) …a hydrogen atom positioned between polefaces of a B = 7 Tesla magnet..



__ Central Coulomb force



__ Fine Structure


__ Lamb shift



__ Hyperfine Structure


__ Zeeman effect

5.  How to do Non-Degenerate Perturbation theory


study examples:  
Griffiths p251 Example 6.1




Griffiths p254 Problem 6.1 & 6.2




+ homework





+ class examples

6.  How to do Degenerate perturbation theory


study examples:
Griffiths p262, Example 6.2




Griffiths p266, Problem 6.9 a,b,d





Griffiths p289, Problem 6.36




+ homework





+ class examples

7.  The “strong version” of the Pauli Exclusion Principle


“Indistinguishable fermions must have asymmetric total wavefunctions”

8.  Exchange symmetry & the “Mythical exchange force”

a. Why?

b.  Impact upon wavefunctions of indistinguishable particles.

c.  Total wfn = (spatial wfn) (spin wfn)

9.  Spectroscopic Notations.

a. What’s the difference between the notations 1s2 , 2p6 , 4d8 and 

the notations 1S0 , 3P3 , 1D1 ?

10.  Hartree-Fock Methods

a.  What is the difference between the H-F method and the Perturbation Method?

b.  What the sequence of steps in the H-F approach?
