STUDY GUIDE

SP324 APPLICATIONS OF QUANTUM MECHANICS II, TEST I

Version 070222
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.

0.  Know your Exercises and Homework backwards and forwards.

1.  Explain the following terms (or indicate what they are about) with 2 sentence fragments 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
Weak-field Zeeman effect

Strong-field Zeeman effect

degenerate

non-degenerate

singlet

triplet


Russell-Saunders coupling


normal Zeeman effect


anomalous Zeeman effect


Paschen-Bach effect


distinguishable particles


indistinguishable particles


Boltzmann distribution function


Bose distribution function


Fermi distribution function


Fermi energy


Density of States

2.  Basic Schroedinger Equation Ideas


a.  Sketching Wavefunctions


b.  Separation of Variables in 3-Dim spherical corrdinates


c.  Spherical Harmonics

3.  Solutions of the Schroedinger Equation


a.  1-Dim Infinite Square Well



i.  Sketch Wavefunctions



ii.  Functional form of wavefunctions  ~ sin(kx)



iii. Energy eigenvalue equation


b.  1-Dim Harmonic Oscillator



i.  Sketch Wavefunctions



ii.  Functional form of wavefunctions  -- look in SHO table



iii. Energy eigenvalue equation  
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c.  Coulomb Potential (3-Dim)



i.  Sketch Radial Wavefunctions



ii.  Functional form of wavefunctions  Rnl Ylm  .



iii. Energy eigenvalue equation  En = (-13.6 eV) Z2/n2  



iv.  “Dot plots” of Hydrogen Atom wavefunctions.



v.  Quantum numbers  n l j s ml ms mj  .

4.  Angular Momentum Algebra

a)  Addition   
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  ?

c)  limitations of the vector model


d)  aligned & jack-knife

5.  Draw the hydrogen level scheme up through n=4  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

c) the atom including fine structure and placed in a weak external B-field. n,l,j,mj


i) weak-field Zeeman splits as drawn in b) according to their mj .
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Figure 3.2 Energy-level diagram for atomic hydrogen.
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FIGURE 6.9: Energy levels of hydrogen, including fine structure (not to scale).




6.  Multielectron Atoms

a.  Hartree-Fock Methods

What is the sequence of steps in the H-F approach?

b.  Spectroscopic Notations.

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

the notations 1S0 , 3P3 , 1D1 ?

c.  Effective Charge

i.  Why effective charge?

ii.  How orbitals shift from the hydrogenic sequence when shielding and 

penetration are taken into account in the multielectron atom.

iii.  How to calculate orbital energies & orbit radii

iv.  Rydberg atoms

7.  Exchange symmetry 

a.  Bosons and Fermions

b.  Impact upon wavefunctions of indistinguishable particles.

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


“Indistinguishable fermions must have asymmetric total wavefunctions”

8.  Quantum Distribution Functions
a.  Boltzmann

i. Functional form


ii. normalization


iii. Basic shape for various temperatures
b.  Bose

i. functional form


ii. chemical potential

iii. Basic shape for various temperatures
c.  Fermi

i. functional form


ii. Fermi energy

iii. Basic shape for various temperatures
d.  Detailed Balance

e.  Bose Condensation

f.  Superfluidity

g.  Photon Gases


i. Planck’s blackbody curve

h.  Specific Heats of Solids: DeBye, Einstein fudge, full treatment

i.  Lasing Systems


i. Two level systems in equilibrium


ii. Three level systems


iii. Mechanism to generate non-equilibrium situation and 

cause population inversions.


iv.  Ruby Laser


v.  HeNe laser function



vi.  HF or DF Chemical Laser
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