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The classical theory of thermal radiation is based on the blackbody concept. In this framework, 

transport is treated as incoherent and thermal emission is conceptualized as a surface process. 

The blackbody concept is, however, based on the assumption that all characteristic lengths, 

which include the size of the bodies and their separation distance, are larger than the wavelength 

[1]. When the size of the bodies and/or their separation distance is comparable to or smaller than 

the wavelength, the wave characteristic of the energy carriers must be taken into account. In ad-

dition to these coherence effects, radiation heat transfer between bodies separated by subwave-

length separation gaps may exceed by a few orders of magnitude the blackbody prediction due to 

tunneling of evanescent modes. Finally, when the size of a heat source is comparable to or small-

er than the wavelength, thermal emission may experience size effect.  

Coherence effects, emission and tunneling of evanescent modes, and volumetric thermal 

emission that are important in the near-field regime of thermal radiation (i.e., when the character-

istic lengths are smaller than the wavelength) are modeled via fluctuational electrodynamics [2]. 

The fluctuational electrodynamics framework is based on Maxwell’s equations into which fluc-

tuating currents representing thermal emission are added. The link between the fluctuating cur-

rents and the local temperature of a heat source is provided by the fluctuation-dissipation theo-

rem, which is valid under the assumption of local thermodynamic equilibrium.  

In this talk, the basics of fluctuational electrodynamics applied to near-field thermal radiation 

will be reviewed. Recent experimental measurements demonstrating the validity of fluctuational 

electrodynamics will be overviewed [3]. Finally, the limit of validity of fluctuational electrody-

namics in the extreme near-field regime (i.e., sub-10 nm separation gaps) will be discussed.  
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