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Terahertz and beyond. In this section we discuss,
first, the role of such factors in electron beams that be-
come more pronounced with the wavelength shortening, 
viz., the azimuthal nonuniformity of electron emission 
and the finite thickness of electron beams. The section 
also includes consideration of some possibilities of oper-
ating at high cyclotron harmonics allowing to increase the 
wave frequency at given magnetic fields. 

Azimuthal nonuniformity. The azimuthal nonuni-
formity of electron emission reduces the efficiency of 
gyrotrons and also affects the mode interaction. As 
known (see, e.g. [3] and references therein) the interac-
tion between two modes is purely amplitude when their 
frequency separation exceeds the width of their resonance 
curves ( 2 1 / Q� �� � � ) and their azimuthal indices are 
different ( 2 1m m� ); similar conditions can also be writ-
ten for three-wave interaction. 

In the case of azimuthally nonuniform emission the 
electron current density can be represented as superposi-
tion of azimuthal harmonics; thus, certain harmonics can 
play a role in changing the nature of interaction between 
the modes. These issues were analyzed in Refs. [10, 11]. 

Beam thickness. The classical theory of gyrotrons is 
based on the assumption that an electron beam has no 
spread in radii of electron guiding centers (a thin annular 
electron beam). The finite spread causes efficiency de-
gradation and may also affect the mode interaction in soft 
and hard excitation regimes [12]. For a 670 GHz gyrotron 
developed jointly by IREAP and IAP these effects were 
studied in Ref. [13].  

A certain contradiction between requirements to the 
electron spread in guiding center radii and in velocities 
should be mentioned. For reducing the velocity spread it is 
beneficial to form quasi-laminar electron beams. However, 
the radial spread in such beams is relatively large. The 
trade-off between these requirements, which allows one to 
optimize the device efficiency, was studied in Ref. [14].  

Operation at cyclotron harmonics. Gyrotron opera-
tion at cyclotron harmonics has a long history. In recent 
years, some issues important for operation at cyclotron 
harmonics were studied in [15–18]. 

Miscellaneous. This part of the presentation will be 
devoted to consideration of such effects as after-cavity 
interaction, efficiency and start currents in gyrotrons with 
tapered resonators, formation of the axial field structure 
in open resonators, effect of reflections, mode switching 
[19] and dynamics and stochasticity in gyrotrons with 
overlapping of cyclotron resonances [20]. 
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