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Abstract: We have developed an analytical approach that predicts radial oscillation near the 

aperture of a pillbox cavity. In addition, it provides natural criteria for the design of a tapered 

guiding magnetic field in the output section of a relativistic klystron amplifier, as well as that of a 

travelling wave tube, in a method that is self-consistent with the dynamics of the electrons. 
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1. Introduction 

Periodic structures play an important role in the interactions of electrons with waves, since they 

support harmonics of phase-velocity that are smaller than c , and with an adequate design, this 

velocity can be set to be equal to the average velocity of the electrons. In particular, in extraction 

structures, as the electrons interact with the wave and lose energy, they slip out of phase and 

consequently, the interaction is degraded. In order to avoid this situation, the phase velocity of the 

wave has to be adjusted, and the geometry change that is associated with this process should be 

designed for minimum reflections, otherwise the system oscillates. In a similar way, in photo-

injectors, electron bunches are accelerated from zero velocity to virtually the speed of light in a 

relatively short distance (typically 2.5–5.5 periods) and therefore, the design needs to account for the 

accelerating bunch, such that the latter experiences the maximum radio frequency (rf) electric field. 

At a given frequency and in single-mode operation, the electromagnetic wave is characterized 

by a single wave-number k , and quantities such as phase velocity, group velocity, and interaction 

impedance are well-defined. In principle, if the structure is no longer periodic, the field cannot be 

represented by a single wave-number, except when the variations are adiabatic, in which case, these 

characteristics are assumed to be determined by the geometry of the local cell. Adiabatic 

perturbations in the geometry may improve the efficiency from the level of few percent in uniform 

structures, to a level of 30%. However, one cannot expect to achieve 60–80% efficiency by moderate 

variation of the structure, bearing in mind that in contrast to accelerators where these changes occur 

over many wavelengths, in traveling-wave extraction structures, these changes should occur within 

a few wavelengths. 

An abrupt change of geometry dictates a wide spatial spectrum, in which case the formulation 

of the interaction in terms of a single wave with a varying amplitude and phase is inadequate. In fact, 

the electromagnetic field cannot be expressed in a simple (analytic) form if substantial geometric 

variations occur from one cell to another. To be more specific: in a uniform or weakly tapered disk-

loaded waveguide, as an example, the beam–wave interaction is analyzed, assuming that the general 

functional form of the electromagnetic wave is known; e.g., ( )cos[ ( )]A z t kz z   , and the beam 

affects the amplitude ( )A z  and the phase, ( )z . Furthermore, it is assumed that the variation due 

to the interaction is small, being on the scale of one wavelength of radiation. Both assumptions are 

not acceptable in the case of a structure that is designed for high-efficiency interaction. To emphasize 


