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The Vortex Electron and Vortex Microwave Photon: The Intrinsic and
Extrinsic Orbital Angular Momentum
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Abstract: The theoretical model of cyclotron electron to radiate vortex electromagnetic wave photons is crucial for
the technology of quantum state vortex electromagnetic wave. This paper is the part of “The Vortex Electron and Vortex
electromagnetic wave Photon”, which establishes the theoretical model related to the “The Intrinsic and Extrinsic Orbital
Angular Momentum (OAM)”. Single electron or electromagnetic wave photon can form vortices and are determined by
their intrinsic OAM. Aiming to analyze the intrinsic OAM of a single electron transferring in the energy level transition radi-
ation, the eigenvalues of the intrinsic OAM are calculated theoretically in different scenarios of free space and magnetic
field in this paper. The results show that the intrinsic OAM is only determined by the electron wave packet, while the extrin-
sic OAM is affected by the choice of coordinate system. When the quantum number in the intrinsic OAM is changed, the
physical variation is the expansion or contraction of the electron wave packet. This paper also gives expressions for the in-
trinsic OAM of electromagnetic wave photons in free space and the extrinsic OAM in twisted optical fiber. Depending on
the presence of the intrinsic OAM, a mass of electromagnetic wave photons can constitute a quantum state OAM electro-
magnetic wave and a statistical state OAM electromagnetic wave.
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