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Chapter 1 1 1 | Chapter 1: Introduction to the course
1 - | Chapter 1.1: About the course
2 - | Chapter 1.2: Modern Physics
9 Chapter 1.3: Some History
12 - | Chapter 1.4: Review of Classical Physics
12 - | Chapter 1.4.1: Mechanics
14 2 | Review of 2-body collision kinematics
21 6 | ... Example: Billiard balls
27 9 | ... Example: Unequal masses
31 12 | ... Example: Really sticky billiard balls
32 14 | ... Example: Somewhat sticky billiard balls
34 - | Zero-momentum frame
35 - | Laboratory/particle-at-rest frame
38 - | Potential, Total Energy, Angular momentum
40 - | Chapter 1.6: Significant figures
42 - | Chapter 1.8: Basic Error Estimation
Chapter 2 16 | Chapter 2: Special relativity
16 | Relativistic Kinematics
21 | ... Example: Compton Interaction
24 | ... Example: Relativistic billiard balls
27 | Relativistic Kinematics (cont)
27 | ... Example: Kinematics of positron annihilation
29 | Conservation laws
29 | ... The photoelectric effect
30 | ... Pair Production
31 | ... Bremsstrahlung
32 | A catalog of electron/positron interactions
33 | A catalog of photon interactions
34 | What IS a photon?
Chapter 3 37 | Chapter 3: Particle-like Properties of E&M radiation
37 | The particle-like nature of electromagnetic waves
37 | Maxwell’s equations
39 | The Photoelectric effect
41 | The Compton effect
42 | Blackbody radiation
Chapter 4 45(1) | Chapter 4: Wave-like properties of particles
45 Resolving non-relativistic and relativistic physics
45 ...de Broglie’s “matter waves”
47 Wave superposition

...Dirac’s delta-function

...Fourier Transforms

... “Classical waves”

...Expectation values

... “Uncertainty relationship for classical waves”
... Example of a wavepacket

... How does a wavepacket move?

... Group velocity
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Chapter 5 63 | Chapter 5: The Schrédinger Equation
63 | Classical 1-D motion under the influence of a potential
64 | ...Demonstration: The harmonic oscillator
69 | ...The complete solution to the classical 1-D harmonic oscillator
71 | The transition to Quantum Mechanics
71 | ...“Deriving” Schrodinger’s equation
74 | The norm of a solution to Schrodinger’s equation
75 | The probability density
75 | The continuity equation
76 | The probability current density
80 | Properties of solutions to the Schrodinger Equation
82 | Getting V(x,t) from known solutions
84 | General classes of problems
84 | Monoenergetic, steady-state problems
85 | Unbound problems, bound problems
86 | Step-potential scattering
110 | 1D bound-state problems
110 | Infinitely deep square well potential
113 | General properties of eigenfunctions
116 | More infinite square well
121 | composite wave functions
125 | Parity
132 | Transition rates
134 | Bound states of the “box” potential
148 | Motivating the use of the harmonic potential
152 | The 1D harmonic potential in Quantum Mechanics
158 | 3-Dimensional solutions to the Schrodinger Equation
158 | Migrating from 1D to 3D
160 | Separation of variables
161 | The 3D box potential, parity of solutions
162 | Degeneracy and Parity
164 | The 3D Harmonic Oscillator
165 | Degeneracies for the 3D Harmonic Oscillator
166 | Proof that degenerate levels all have same-parity wavefunctions
Chapter 6 167 | Chapter 6: The Rutherford-Bohr Model of the Atom
167 | Basic properties of atoms
168 | The Thomson model of the atom
170 | The Rutherford model of the atom
171 | Rutherford scattering analysis
174 | The Rutherford cross section
177 | Rutherford scattering (con’t)
179 | Distance of closest approach
182 | Analysis of Rutherford’s experiment
186 | Classical cross sections
189 | Example: Disco mirrors (spherical mirror)
191 | Example: Tennis ball against a bowling ball
195 | Center-of-Mass system in Classical Physics
199 | Center-of-Mass system in Quantum Physics
202 | Bohr’s Model of the Atom
207 | Transitions
208 | Deficiencies of the Bohr Model
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Chapter 7: The Hydrogen Atom in Wave mechanics
Central Potentials in Quantum mechanics
Spherical Harmonics

The radial equation in 3D (central forces)

The H-atom/Hydrogenic atoms

Central Potentials in Quantum mechanics

The radial equation in 3D (central forces)

The H-atom/Hydrogenic atoms

Radial probability densities in the hydrogen atom
Degeneracy in the hydrogen atom the hydrogen atom
1 = 0 solutions in 3D

Discussion on the deuteron

Angular momentum, continued

The vector “model” of angular momentum
Pictures of spherical harmonics

Pictures of hydrogenic probability densities
Intrinsic spin

Chapter 8: Many-Electron Atoms
Many-electron atom Schrodinger equation
Approximate solutions to the above

Fermions and Bosons

The Pauli Exclusion Principle

Filling order of atomic orbitals (Madelung’s rules)
The curious case of the good conductors

The periodic table

The exceptions to Madelung’s rules

Atomic transitions, explaining the +1¢ “rule”
Coupling spins

Coupling spins in many-electron atoms - Hund’s rules
Lasers

Classification of lasing/non-lasing systems
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Chapter 10: Nuclear Properties

The nucleus, nucleon-nucleon force

The nuclear radius

Measuring the nuclear shape, using electron scattering

The R = RyA'/3 formula

Extra credit problem

Example: Spherical, homogeneous ball of charge with sharp a radius
Estimating the shift in the 1s electronic binding, due to finite radius
Determination of Ry from shifts in atomic energy levels
Quantum version of the Rutherford Cross section

Transition rates

Coulomb energy stored in the nucleus (discrete distributions)
Coulomb energy stored in the nucleus (continuous distributions)
Working out on heck of an integral

Mirror nuclei

Coulomb self-energy (review)

Mirror nuclei (difference in self-energy)

Nuclear Binding Energy

Neutron/Proton Separation energy

Semi-empirical mass formula

Neutron “excess”

Zmin

[ and II

Quadrupole Moments (gravitational application)

Electrical Quadrupole moment of an elliptic nucleus

Nuclear Binding Energy (con’t)

Nuclear Magnetic Moments

Chapter 11: The Force Between Nucleons
Characteristics of the nucleon-nucleon force

The deuteron

Why does the deuteron only have 1 bound state?
Magnetic moments of the deuteron
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Chapter 12: Nuclear Models

General discussion

The Shell Model

The Shell Model (continued)

Extreme Independent Particle Model (EIPM)

EIPM Predictions of Magnetic Moments

EIPM predictions of Quadrupole Moments

Shell model predictions of excitation levels

Shell model predictions of excitation levels (con’t)
Even-even nuclei, and Collective Structure

Energies of lowest 2+ states of even-even nuclei
Quadrupole moments of lowest 2+ states of even-even nuclei
Types of collective structure, vibrational states (phonons)
Quadrupole phonon coupling

Collective rotations (rotons)

Energy of rotation

Moment of inertia, ellipsoidal nuclei

Rotational bands

Moment of inertia of an ellipsoidal nucleus

Rotational bands

Chapter 13: Radioactive Decay
Radioactive decay law

Half-life

Activity

Single parent, single stable daughter
Single parent, two stable daughters
Quantum Theory of Radioactive decays
Decay chains

Series of decays

Chapter 14: a-decay

Energetics of a-decay

Fully relativistic version

Fermi’s Golden Rule # 2

Production and decay of Radioactivity

A real-life engineering example

Types of Decays

Units for measuring radiation and radioactivity
Activity

Exposure, Absorbed Dose, Dose Equivalent
Quality Factors

a-decay systematics

Simple theory of a-decay

Gamov’s theory of a-decay

Krane’s treatment of a-emission theory
Angular momentum in a-decay theory
Ellipsoidal nuclei, and a-decay

Gamov’s theory of a-decay applied to the Coulomb potential



Chapter 15 152 | Chapter 15: (-decay

156 | Energy release in (-decay

161 | Electron capture

162 | Density of states, and “free wave” normalization
164-169 | Density of states—free particle, non-relativistic (o example)
170-171 | Density of states—free particle, massless (v example)
171-175 | Density of states—free particle, relativistic, with mass (8 example)

176 | B-decay: Derivation of energy spectrum shape

183 | Forbiddenness

184 | Fermi-function, accounting for Coulomb forces

185 | Kurie plots

186 | log ft

187 | Classification of transitions in 3-decay

188 | Classification chart

189 | Examples of allowed transitions

189 | Mixed Gamov-Teller and Fermi transitions

Chapter 16 | 190 | Chapter 16: y-decay

195 | The energetics of y-decay

199 | Classical Electromagnetic radiation

201 | Simple example of a n electric dipole

202 | Time-varying (radiating) electric dipole

202 | Parity of dipoles

203 | Time-varying (radiating) magnetic dipole
204 | Quadrupoles

205 | Classical multipole radiation

207 | General treatment of Classical multipole fields
208 | Characteristics of Classical multipole fields
209 | Radiation intensity patterns (antenna theory)
211 | The leap to y-decay and Quantum Mechanics
Insert 2pp | Parity of electric and magnetic dipoles

213 | Transition to Quantum Mechanics

214 | The Weisskopf Estimates

216 | Angular momentum and parity selection rules
218 | Real-life example, Co-60 decay

219 | tests of the Weisskopf estimates

Insert 2pp | Co-60 decay scheme and magnetic dipoles
220 | Internal Conversion




Chapter 17 | 227 | Chapter 17: Nuclear Reactions

227 | 17.1 Types of Reactions and Conservation Laws
231 | Conservation laws

232 | Energetics of nuclear reactions

232 | General Considerations in a Relativistic Formalism
234 | Laboratory frame, non-relativistic analysis

235 | 17.2 Energetics of Nuclear Reactions

245 | Energetics of Nuclear Reactions (continued)
246 | 17.3 Isospin

248 | Reaction cross sections

250 | Absorption cross sections (attenuation)

251 | Scattering and reaction cross sections

252 | Partial-wave analysis

258 | Partial-wave analysis (continued)

264 | 17.9 The Optical model

266 | 17.10 Compound nuclear reactions

269 | 17.11 Direct reactions

272 | 17.12 Resonance reactions

281 | “Potential” scattering and resonance

Insert | 282 | Krane IT Chapter 12: Neutron Physics
283 | Krane IT 12.1 Neutron sources
286 | Krane IT 12.2 Absorption and moderation of neutrons
295 | Maxwellian distribution

Insert | 297 | 13.8 Units for measuring radiation



