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Abstract:

Near-field radiative heat transfer, due to its ultra-high energy transfer efficiency, shows significant potential for

application in various emerging technological fields. Currently, the main theoretical frameworks for studying

near-field radiative heat transfer problems include the traditional fluctuation electrodynamics (FE) theory and

the recently proposed non-equilibrium Green's function (NEGF) method. In both methods, the radiative heat

flux between objects depends on calculating the response function of the objects to external electromagnetic

fields. This report introduces methods for calculating near-field radiative heat flux between objects at different

temperatures based on first-principles methods of density functional theory. It provides calculation formulas

that include local field effects for both FE and NEGF approaches. Using two-dimensional materials such as

graphene as examples, we present the relationship between near-field radiative heat flux and the distance

between objects, as well as the radiation energy spectrum. Then we systematically compare the effects of first-

principles methods and traditional theoretical models on response functions such as graphene polarizability.

Finally, I will introduce pioneering work on a unified theory of energy, momentum, and angular momentum

transfer caused by photon-electron interactions under completely non-equilibrium conditions.
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