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Homework



The Importance of Having Class

You should come to the class
because your score depends on
your presence.




Understanding the 1deas of each lecture requires
the knowledge of the previous lectures.

If you keep up,
you won't end up
looking like this
the night before
the exams!




Midterm (30% or 25%) + Final (30% or 35%) +
Solving Problems of Chapters (10%) +Activity
in Class (10%) + Homework (10%) +

Presentation (10%).
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Al-Rad Sura of Quran

Allah it is who raised up the universe without
visible supports, then mounted the Throne,
and compelled the sun and the moon to be of
service, each runneth unto an appointed
term; He ordereth the course; He detaileth the
revelations, that haply ye may be certain of
the meeting with your Lord. (2)
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The classical ideal gas
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What we will learn

M@dem Quantum Mechanics |
1) FUNDAMENTAL CONCEPTS ‘
'

) QUANTUM DYNAMICS

M@dem Quantum Mechamcg Il

4) SYMMETRY IN QUANTUM MECHANICS
S) APPR@XIMATI@N METHODS p

| 6) IDENTICAL PARTICLES |



| 1 FUNDAMENTAL CONCEPTS 1
1.1 The Stern-Gerlach Experiment 2
1.2 Kets, Bras, and Operators 10

1.3 Base Kets and Matrix Representations 17
1.4 Measurements, Observables, and the
Uncertainty Relations 23

1.5 Change of Basis 36

1.6 Position, Momentum, and Translation 41
1.7 Wave Functions in Position and
Momentum Space 51

Problems 60




2 QUANTUM DYNAMICS 68
| 2.1 Time Evolution and the Schrodinger
) [

quation 68
2.2 The Schrodinger Versus the
Heisenberg Picture 80
2.3 Simple Harmonic Oscillator 89
2.4 Schrodinger's Wave Equation 97
2.5 Propagators and Feynman Path
Integrals 109
2.6 Potentials and Gauge
Transformations 123

Problems 143




3 THEORY OF ANGULAR MOMENTUM 152

3.1 Rotations and Angular Momentum Commutation Relations
152

3.2 Spin 1/2 Systems and Finite Rotations 158

3.3 SO(3), SU(2), and Euler Rotations 168

3.4 Density Operators and Pure Versus Mixed Ensembles 174
3.5 Eigenvalues and Eigenstates of Angular Momentum 187
3.6 Orbital Angular Momentum 195

3.7 Addition of Angular Momenta 203

3.8 Schwinger's Oscillator Model of Angular Momentum 217
3.9 Spin Correlation Measurements and BelPs Inequality 223
3.10 Tensor Operators 232

Problems 242
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4 SYMMETRY IN QUANTUM MECHANICS 248

4.1 Symmetries, Conservation Laws, and
Degeneracies 248

4.2 Discrete Symmetries, Parity, or Space Inversion
251

4.3 Lattice Translation as a Discrete Symmetry 261
4.4 The Time-Reversal Discrete Symmetry 266
Problems 282




5 APPROXIMATION METHODS 285

5.1 Time-Independent Perturbation Theory:

Nondegenerate Case 285

5.2 Time-Independent Perturbation Theory:
The Degenerate Case 298

5.3 Hydrogenlike Atoms: Fine Structure and the Zeeman

Effect 304
5.4 Vanational Methods 313

5.5 Time-Dependent Potentials: The Interaction Picture 316
5.6 Time-Dependent Perturbation Theory 325

5.7 Applications to Interactions with the Classical
Radiation Field 335

5.8 Energy Shift and Decay Width 341

Problems 345
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6 IDENTICAL PARTICLES 357
. 6.1 Permutation Symmetry 357
-16.2 Symmetrization Postulate 361

1 6.3 Two-Electron System 363

6.4 The Helium Atom 366

6.5 Permutation Symmetry and Young
Tableaux 370
| Problems 377




7T SCATTERING THEORY 379

7.1
7.2
7.3
7.4
7.5

395

7.6

7.71
7.8 ]

7.9 ]
[/
[/
7.
'

The Lippmann-Schwinger Equation 379

The Born Approximation 386

Optical Theorem 390

Eikonal Approximation 392

Free-Particle States: Plane Waves Versus Spherical Waves

Method of Partial Waves 399

Low-Energy Scattering and Bound States 410
Resonance Scattering 418
dentical Particles and Scattering 421

10 Symmetry Considerations 1n Scattering 422
11 Time-Dependent Formulation of Scattering 424
12 Inelastic Electron-Atom Scattering 429

'3 Coulomb Scattering 434

Problems 441




