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ABSTRACT 
Optical spectroscopy is a ubiquitous tool in many physical sciences, including chemistry, biology, and material science. 
A thorough understanding of the rich theory underlying spectroscopy is required to interpret and model spectra and 
develop new spectroscopic methods. In this mini-school, we first briefly revise the quantum-mechanical concepts 
underlying the description of spectroscopic results, including time-dependent perturbation theory, Fermi’s golden rule, 
spectral line-broadening, and the formation of transition dipole moments. We then discuss the theory underlying linear 
spectroscopy and derive expressions for the calculation of absorption- and fluorescence-type isotropic, linear dichroism, 
and circular dichroism spectra.  We discuss an exact numerical method and several approximate methods for calculating 
linear spectra. Finally, we describe the theory underlying nonlinear spectroscopy, and discuss how such nonlinear 
techniques enable us to follow the quantum dynamics of systems on the femtosecond timescale. 
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