
 

Course Name: Modern Physics 

 

Description of the lesson (as much as one paragraph): 

 

This course is an introduction to Modern Physics. Modern Physics begins in 1905: 

the year Einstein published his papers. The main topics of this course are special 

relativity, wave-particle duality, introductory quantum mechanics, atomic models 

and Hydrogen atom in wave mechanics. In addition, the course will cover 

statistical mechanics, particle physics, and cosmology as interest and time permit. 

 

Course Syllabuss: 

 

- Modern Physics Versus Classical Physics 

- The Special Theory of Relativity (Classical relativity, The Michelson-

Morley experiment, Einstein’s postulates, Consequences of Einstein’s postulates, 

The Lorentz transformations, The twin paradox, Relativistic dynamics, 

Experimental tests of special relativity, …) 

- The Particle-Like Properties of Electromagnetic Radiation (Review of 

electromagnetic waves, The photoelectric effect, Blackbody radiation, The 

Compton effect, …) 

- The Wave-Like Properties of Particles (De Broglie’s hypothesis, Uncertainty 

relationships for classical waves, Heisenberg uncertainty relationships, Wave 

packets, Probability and randomness, The probability amplitude, …) 

- The Schrödinger Equation (Justification of the Schrödinger equation, 

probabilities and normalization, Solutions of the Schrödinger equation for simple 

problems such as free particle, potential step, potential barrier and potential well, 

The simple harmonic oscillator, …) 

- Atomic Models (Basic properties of atoms, The Thomson model, The 

Rutherford nuclear atom, Line spectra, The Bohr model, The Frank-Hertz 

experiment, The correspondence principle, Deficiencies of the Bohr model, …) 

- The Hydrogen Atom in Wave Mechanics (The Schrödinger equation in 

spherical coordinates , The Hydrogen atom wave functions, Radial probability 

densities, Angular momentum and probability densities, Intrinsic spin, Energy 

levels and spectroscopic notation, The Zeeman effect, Fine structure, …) 

- Statistical Physics (Statistical analysis, Classical versus quantum statistics, 

The distribution of molecular speeds, The Maxwell-Boltzmann distribution, 

Quantum statistics, Applications of the Bose-Einstein statistic, Application of 

Fermi-Dirac statistic, …) 

- Elementary Particles (The four basic forces, Particles and antiparticles, 

Conservation laws, Particle interactions and decays, Energetics of particle decays 

and reactions, The quark model, The standard model, …) 

- Cosmology: The Origin and Fate of the Universe (The expansion of the 

universe, The cosmic microwave background radiation, Dark matter, Cosmology 



and general relativity, The Big Bang cosmology, The formation of nuclei and 

atoms, Echoes of the Big Bang, Future of the universe, …) 

 

Refrences: 

Modern Physics, Kenneth S. Krane, Wiley, 2nd Edition 1996. 


