Paradigms in Physics: Content Matrix
(developed in 1997, updated with current course numbers)

The paradigms have been designed to group physical concepts together, but there are other themes of physics and mathematical tools that either are common to them all, or develop during the sequence. A number of these are listed below. (PH 314, the feeder course, is listed, too.)  
Expectation Values and Probability:

· PH 314 Modern Physics: Position expectation value <r>, variance <r^2>-<r>^2, Maxwell-Boltzmann statistics.

· PH 421:

· PH 422:

· PH 423 Energy and Entropy: Quantum mechanical observables, <H>, <p>, <F> Statement of probabilities, counting, Maxwell-Boltzmann statistics, probability distribution function

· PH 424 One Dimensional Waves: Schrödinger equation, eigenstates and expectation values of position, momentum, and energy

· PH 425 Spins: psi|^2 as probability, Young’s slits a probabilistic problem

· PH 426 Central Forces: Angular momentum with 3-D spherical harmonics and hydrogen atom states.

· PH 427 Periodic Systems: Periodic potential and energy bands, density of states

· PH 428: Rigid Bodies: Predictability and chaos

· PH 429: 

Top of Form

Bottom of Form

Resonance:

· PH 314:

· PH 421 Oscillations: Driven Harmonic Oscillator

· PH 422: 

· PH 423:

· PH 424 One Dimensional Waves: Standing waves, quantum barriers and wells

· PH 425 Spins: 2-level systems, ammonia maser, Rabi oscillations

· PH 426: 

· PH 427 Periodic Systems: Phonons and 1-D periodic lattice

· PH 428:

· PH 429 Reference Frames: Electromagnetism
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Energy:

· PH 314 Modern Physics: Discrete energy states in quantum systems

· PH 421 Oscillations: Energy in a harmonic oscillator

· PH 422 Vector Fields: Energy of electric and magnetic field

· PH 423 Energy and Entropy: Formal introduction to thermodynamic considerations, counting energy states

· PH 424 One Dimensional Waves: Energy transport in waves, energy in standing waves, dispersion relations, discrete energy states

· PH 425 Spins: Energy in 2-level systems, Hamiltonian operator

· PH 426 Central Forces: Hydrogen atom energy states

· PH 427 Periodic Systems: Energy bands, total energy summed over states, dispersion relations

· PH 428 Rigid Bodies: Energy of rotating systems

· PH 429 Reference Frames: Electromagnetic energy, energy conservation, energy in different reference frames
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Symmetry:

· PH 314: 

· PH 421 Oscillations: Time translation

· PH 422 Vector Fields: Gauss’s law, choice of coordinate systems to fit symmetry

· PH 423: 

· PH 424 One Dimensional Waves: Time and space translation

· PH 425:

· PH 426 Central Forces: Angular momentum, spherical harmonics

· PH 427 Periodic Systems: Periodic symmetry, discrete symmetry

· PH 428 Rigid Bodies: Rotational symmetry

· PH 429 Reference Frames: Frame equivalence, Galilean and Lorentz transformations, rotations and boosts, energy, momentum, and angular momentum conservation
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Normal Modes and Complete Sets of States:

· PH 314 Modern Physics: Fourier series, change of basis, Dirac delta function and Kronecker delta

· PH 421:

· PH 422:

· PH 423 Energy and Entropy: Quantum mechanical observables, <H>, <p>, <F>, Statement of probabilities, counting, Maxwell-Boltzmann statistics, probability distribution function

· PH 424 One Dimensional Waves: Separation of variables in 1-D, eigenstates, wave packets

· PH 425 Spins: Concrete formalism for a 2-state system

· PH 426 Central Forces: Spherical harmonics, separation of variables in 3-D, elements of Sturm-Liouville theory

· PH 427: 

· PH 428 Rigid Bodies: Principal axis system

· PH 429: 
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Discrete and Continuous Representations:

· PH 314: 

· PH 421 Oscillations: Fourier series and Fourier integrals

· PH 422 Vector Fields: Discrete and continuous charge distributions

· PH 423 Energy and Entropy: Large volume thermodynamic limit

· PH 424:

· PH 425 Spins: Discrete and continuous quantum bases

· PH 426 Central Forces: Quantization as source of discreteness

· PH 427 Periodic Systems: Discrete space, wave equation for continuous and beaded string

· PH 429 Reference Frames: Individual observers vs. family of observersTop of FormBottom of Form
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