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ME 522: Thermal Radiation 

 
Instructor: M. Q. Brewster 
E-mail: brewster@illinois.edu 
 
Class Hours: Monday and Wednesday, 1:00 – 2:50 pm 
 
Texts: Thermal Radiative Transfer and Properties, M. Q. Brewster, Wiley, 1992.  
 Atmospheric Radiation, G. W. Petty, Sundog, 2006.  
 
Pre-requisite: ME 420 Intermediate Heat Transfer, or instructor permission 
 
 
Overview:  

Thermal Radiation, ME 522, is for engineers and scientists interested in thermal radiation phenomena, 
both properties and transfer. This course covers both engineered systems (combustion, propulsion, heat 
exchange, solar energy, materials processing, etc.) and environmental systems (solar radiation, atmospheric 
radiation, and factors influencing planetary temperature and climate change). The first part of the course will 
cover Surface Radiation (non-participating media), including results of electromagnetic theory as applied to 
metals, dielectrics, and semi-conductors; while the second part will cover Participating Media, including 
molecular gas radiation and particle and droplet optical properties. We will learn how to solve the radiative 
transfer equation, alone and coupled with the energy equation, by both analytical and Monte Carlo methods. 
We will also learn how to evaluate radiative properties of materials of engineering and environmental 
importance in both bulk and particulate form: metals, semi-conductors, plastics, ceramics, and liquids, as well 
as molecular gases. 
 
Topics:   
 Non-participating media: intensity, flux, blackbody radiation; radiative properties, conservation, 
Kirchhoff’s law, gray-body radiation, simple transfer (collimated or diffuse), solar radiation, earth terrestrial 
radiation, bi-directional properties; diffuse enclosure transfer, gray and non-gray, planetary and satellite 
radiation; electromagnetic (EM) theory, Maxwell’s equations, plane interface, Fresnel relations, films and 
coatings, interference effects; dispersion theory, dielectrics, metals, semi-conductors, water radiative 
properties.  
 Participating media: radiative transfer equation, absorption, emission, scattering, source function, 
albedo, line-of-sight integral; molecular gas radiation properties, vibration-rotation bands, isothermal and non-
isothermal gases, atmospheric radiation without scattering (clear atmosphere); particle radiation properties 
(single scattering), Rayleigh scattering, geometric optics, Mie theory, equivalent isotropic scattering scaling, 
polydispersions, water droplets: clouds and fogs; radiative transfer in isothermal gases, mean-beam-length, 
two-node source-sink; three-node source-sink-refractory, reflective walls, multi-wall enclosures, soot radiation; 
non-isothermal transfer, plane-parallel layer, radiative equilibrium, radiation diffusion; plane-parallel 
atmosphere with multiple scattering, conservative and non-conservative scattering, diffuse and collimated 
irradiation, cloud radiation; Monte Carlo methods.  
 
Grading: 
 Weekly quizzes, three exams, and one project: computational and analytical simulation of greenhouse 
effect (molecular gas and cloud radiation; longwave infrared and shortwave solar radiation; scattering, 
absorption and emission) on Earth radiative balance. Homework will be assigned and discussed in class, but 
not turned in.  


