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Overview
Light-matter interaction governs propagation of light waves in media giving rise to various linear and nonlinear optical phenomena, which can be described in terms of the oscillations of free and bound electrons in the material. These oscillations result in scattering, absorption and refraction of the light waves entering the medium, emerging of light waves at new frequencies and light-induced changes to the material. By studying how the material reacts on the light wave vs its intensity, polarization, phase, etc, one can reveal the properties of electronic ensemble. 
This course introduces basics of the light-matter interaction with the focus on the spectroscopic applications. It emphasizes physical mechanisms responsible for the optical response of dielectrics, metals and semiconductors, gives an idea on the causality principle, constitutive equations, optical susceptibility, chiral media, origin of the optical nonlinearity and how it can manifest itself. To develop their skills, students have to solve practical problems of calculation of absorption and refraction coefficients using simple models, transformation of the amplitude and polarization of the light wave propagating in various media, linear and nonlinear light scattering. In the practical work students use analytical methods, however they can also deliver solutions obtained with MATLAB or other software packages. 
Learning outcomes
On completion of this course, students should:
• understand constitutive equations and light propagation in isotropic media; 
• understand microscopic mechanisms of the light absorption and refraction; 
• understand causality principle and Kramers-Kronig relations;
• describe optical properties of the dielectrics, semiconductors and metals using simple models;
• explain optical anisotropy, circular and linear birefringence;
• understand origin and major mechanisms of the optical nonlinearity;
• describe second-order nonlinear response using anharmonic oscillator model;
• understand process of the second harmonic generation in dielectrics.
Content
· Maxwell and constitutive equations;
· Kramers-Kronig relations;
· Lorentz model in the description of the optical properties of dielectrics;
· Drude model in the description of the optical properties of metals;
· optical properties of semiconductors;
· polarization of the light wave;
· linear and circular birefringence and dichroism;
· origin of the optical nonlinearity;
· anharmonic oscillator model in the description of the nonlinear optical response of dielectrics;
· second harmonic generation process.
Teaching methods and evaluation criteria
· Lectures: 30 hours (in 5 weeks) in order to introduce concepts and practical problems;
· 5 home assignments (3-5 practical problems each) related to the lecture material of the week, 15% of the grade;
· Mid-course open book class exam (90 min), 35% of the grade;
· Final closed book class exam (90 min), 50% of the grade.
Study materials	
· Lectures and notes provided by the instructor;
· Yehuda B. Band “Light and Matter: Electromagnetism, Optics, Spectroscopy and Lasers”, 2006;
· A. M. Fox, “Optical Properties of Solids”, 2001.
Assumed Knowledge
· Basic calculus, basic analytical skills;
· Understanding differential equations;
· Operation with vectors and matrices;
· Notion about electrodynamics and optics.
