
Physics 531,532 Quantum Mechanics
Course Outline 2006-2007

I. Fundamentals

A. Stern Gerlach Experiment

B. States, Operators and Hilbert Space

i. Dirac Notation
ii. Matrix Representation of operators
iii. Change of basis
iv. Eigenvalue problems

C. Measurements and Observables

i. Measurements, Expectation Values
ii. Uncertainty Relations

D. Examples

i. Two level system, spin 1/2
ii. Position, Momentum, Translation

II. Quantum Dynamics

A. Time Evolution Operator

B. The Hamiltonian

i. Canonical Quantization
ii. Ehrenfest’s theorem
iii. Schrödinger Equation

C. Schrodinger vs Heisenberg Pictures

D. Examples

i. Spin 1/2, spin precession, NMR
ii. 1D Potential Problems:

- Delta function potential
- Step and square well Potential
- 1D scattering and bound states

iii. Harmonic Oscillator
a. Wavefunction
b. Raising and Lowering Operators
c. Heisenberg Operators
d. Coherent States, Classical Limit

iv. Particle in electromagnetic field.
a. Canonical Momentum
b. Gauge Transformations
c. Landau Levels
d. Aharonov Bohm effect

E. Feynman Path Integral

III. Rotations, Angular Momentum and Spin

A. Rotations and Generators

B. Eigenstates of Angular Momentum

C. Representations for J=0, 1/2, 1

D. Spherical Harmonics
E. Representations of Rotation Group
F. Addition of Angular Momentum
G. Tensor operators

IV. Quantum Measurement Theory

A. Density Matrix: Pure, Mixed Ensembles
B. Entanglement and Decoherence
C. Quantum Computation
D. Quantum Cryptography, Teleportation

V. Symmetry In Quantum Mechanics

A. Continuous symmetries: Conservation Laws
and Degeneracies

B. Discrete Symmetries
i. Parity
ii. Time Reversal, Kramers’ degeneracy
iii. Lattice Translation, Bloch’s thm.

VI. Approximation Methods

A. Time Independent Perturbation Theory
i. Non Degenerate
ii. Degenerate
iii. Stark Effect
iv. Fine Structure of Hydrogen

B. Time dependent perturbation theory,
Fermi’s golden rule

C. Variational Methods
D. Semiclassical limit, WKB approx.
E. Adiabatic limit, Berry’s phase

VII. Many Particle Systems

A. Exclusion Principle, Spin and Statistics
B. Two Electrons: Helium
C. Atoms, periodic table, Hund’s rules
D. The chemical bond

VIII. Scattering Theory

A. 3D Central Potentials
B. Partial Waves, Phase Shifts
C. Born Approximation
D. Lippman Schwinger Equation, T matrix
E. The S Matrix

IX. Radiation

A. Quantization of Radiation Field
B. Coupling of Radiation to Matter
C. Spontaneous Emission
D. Stimulated Emission


