Overview topics in Physics

Mechanics

Introduction to measurement accuracy and uncertainty, mechanics of point masses,
mechanical oscillations, systems of point masses, dynamics of rigid bodies,
mechanics of rigid and fluid bodies, gases, hydro- and aerodynamics, and
mechanical waves.

Electromagnetism
Electrostatics, electric current, magnetostatics, time-varying electromagnetic fields,
electromagnetic oscillations and waves, and a brief introduction to electrochemistry.

Optics & Quantum Physics

Electromagnetic waves (Fourier transforms, phase and group velocities, dispersion of
light), electromagnetic waves at interfaces (Huygens' principle, transmission and
reflection, light scattering), and geometric optics (Fermat's principle, prisms, optical
imaging with mirrors, lenses, and optical instruments), wave optics — diffraction,
interference, holography, foundations of quantum physics, including wave-particle
duality and the photoelectric effect.

Atomic & Molecular Physics + Thermodynamics

Wave packets and the Heisenberg uncertainty principle, the Bohr model of the
hydrogen atom (including the Franck-Hertz experiment and its limits), the
mathematical framework of quantum mechanics (Schrédinger equation, operators,
commutation relations), the hydrogen atom in full (angular momentum
eigenfunctions, central potential), spectra of alkali atoms, orbital and spin magnetism
and fine structure (Stern-Gerlach experiment, spin-orbit coupling, Lamb shift), and
multi-electron atoms.

Temperature, specific heat, heat transport, thermodynamic processes, the second
law of thermodynamics, phase transitions, thermodynamics of solutions, and
statistical distributions (Maxwell-Boltzmann, photon statistics, Fermi-Dirac, Bose-
Einstein), concluding with the third law of thermodynamics.

Examples of Questions for every topic
Mechanics

Projectile Motion A ball is thrown horizontally from a height of 20 m with an initial
velocity of 15 m/s. How far from the base does it land?

e a)182m
e b)243m
e ¢)304m
e d)35.7m

Rolling Bodies A solid cylinder and a hollow cylinder of equal mass and radius roll
down the same incline without slipping. Which statement is correct?
« a) Both reach the bottom at the same time, because they have the same mass
« b) The hollow cylinder reaches the bottom first, because its mass is distributed
further from the axis
e ¢) The solid cylinder reaches the bottom first, because a larger fraction of its
energy remains as translational kinetic energy



« d) The result depends on the angle of the incline

Electromagnetism
Parallel-Plate Capacitor A parallel-plate capacitor with plate separation 5 mm is
connected to a 100 V battery. What is the electric field between the plates?

e a)2000V/m

e« Db) 10000 V/m

e« ¢)20000 V/m

« d)50000V/m

Optics & Quantum Physics
Wave-Particle Duality In the double-slit experiment with electrons, the interference
pattern disappears when a detector is placed at one of the slits to determine which
slit each electron passes through. What is the correct interpretation?
e a) The detector physically blocks some electrons, reducing the pattern
e b) The act of measurement inevitably disturbs the electron's momentum
enough to destroy the interference
e ) Electrons are classical particles and never actually produce interference
patterns
o d) The interference only occurs when many electrons are present
simultaneously

Atomic Physics & Thermodynamics
Hydrogen Spectrum An electron in hydrogen transitions fromn =4 ton = 2. What is
the wavelength of the emitted photon?

e a)276 nm
e Db)340 nm
e €)486 nm
e d)656 nm

Pauli Exclusion Principle Which of the following correctly explains why electrons in
a multi-electron atom fill successive shells rather than all collapsing into the lowest
energy state?
« a) Electrons repel each other electrostatically, pushing them into higher orbits
« b) The Pauli exclusion principle forbids two fermions from occupying the same
quantum state
« c) Higher shells have lower potential energy, making them energetically
favorable
« d) The uncertainty principle prevents electrons from being localized close to
the nucleus

Recommended literature for every topic

Mechanics

Demtroder — Mechanics and Thermodynamics (Springer, Undergraduate Lecture
Notes in Physics)

Tipler & Mosca — Physics for Scientists and Engineers (Macmillan)



Kleppner & Kolenkow — An Introduction to Mechanics (Cambridge University
Press)

Morin — Introduction to Classical Mechanics (Cambridge University Press)
Electromagnetism

Griffiths — Introduction to Electrodynamics (Cambridge University Press)
Purcell & Morin — Electricity and Magnetism (Cambridge University Press)
Tipler & Mosca — Physics for Scientists and Engineers, Vol. 2 (Macmillan)
Halliday, Resnick & Walker — Fundamentals of Physics (Wiley)

Optics & Quantum Physics

Demtroder — Atoms, Molecules and Photons (Springer, Graduate Texts in
Physics)

Hecht — Optics (Pearson)
Born & Wolf — Principles of Optics (Cambridge University Press)

Feynman, Leighton & Sands — The Feynman Lectures on Physics, Vol. 1 & 3
(freely available at feynmanlectures.caltech.edu)

Atomic Physics & Thermodynamics
Demtroder — Atoms, Molecules and Photons (Springer)

Demtroder — Nuclear and Particle Physics (Springer, Undergraduate Lecture
Notes in Physics)

Eisberg & Resnick — Quantum Physics of Atoms, Molecules, Solids, Nuclei,
and Particles (Wiley)

Kittel & Kroemer — Thermal Physics (W. H. Freeman)
Schroeder — An Introduction to Thermal Physics (Oxford University Press)
General Recommendations

Feynman Lectures on Physics, Vols. 1-3 (freely available at
feynmanlectures.caltech.edu)

Irodov — Problems in General Physics (Mir Publishers)

Tipler & Mosca — Physics for Scientists and Engineers (complete edition)





