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Abstract — The classlcal magnetron generators are the most-used among the crossed-field tubes [1]. Having -high
efficiency, low operating voltages as well as fow weight, volume and cost the magnetrons are competitive tubes in the
aggregate of the given parameters. Upgrading of requirements to the output parameters of the classical magnetrons
as well as complication of their operating modes aliowed the rasearchers to design new types of the magnetrons:
coaxial and inverted coaxial magnetrons [2]. These tubes have a different constructional features, but the similar
mechanism of an electron-wave interaction. The base of the such mechanism is the interaction a re-entrant electronic
beam with electromagnetic field of the rasonant delay line (traditional classical crossed-field systems). On the other hand
there are the electron- wave sysiems in which have place the interaction of the two re-entrant electranic beams with
electromagnetic field of a resonant delay Iins (non-traditional systems) {[3,4]. Among the tubes of this type are the combined
mégnetron [5].

in this paperﬂmalheorebcalandexperimontalmhgaﬂm resultsofthephysicalprmestnmeconmd
magnetron are discussad.

The interaction space of the combined magnetron is shown in Fig. 1. The combined magnetron consist of intemal
and external cathodes between which there is a resonant delay line (Fig. 1, .b). As result we have two-stage generator
in which the first stage (internal interaction space) is the classical magnetron and the second stage (external interaction
space) is the inverted magnetron. The experimental results investigation of a magnetic field distribution and of a resonant
delay line are presented in Fig. 2 and 3. Fig. 2 shows the variation of magnetic field in the different points along axial
direction of the magnetron. It is to be noted that in the combined magnetron there was used the samarium-cobalt magnets
and poles of the usual type from the classical magnetron.

In order to define of the delay ratio of the electromagnetic wave in the interaction space we used the results of the
experimental measures of the phase-shift diagram of the resonant delay line (Fig. 3). The operating point corresponds the
case when ¢ = x (z-mode}.

The computer modelling of interaction between electronic beams and electromagnetic field is carried out by
particle-in-celi (PIC)-method {6]. The eleciron-wave interaction processes are considered in three-dimensional, quasi-
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periodic, non-relativisiic and single-mode {r-mode) approximalions. The mathematical model of the combined magnetron
can be presented as salf-consistent set of equations including the motion equations (for the electronic beams in the intemal
and external Interaction spaces), excitation equations (for an electromagnetic field) and Poisson’s equation (for analysis of
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Fig. 4 Space-charge distributions in the one-wavelength cell for external (a)
and internal (b) interaction spaces of the combined magnetron
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malgoﬁmmicallanguageFonmn 80 and is adapted for OS Windows 98 and NT.
Figs. 4 - Gshowsmeresuftsofcompmmdaﬂmg Fig. 4 shows comparison of space-charge distributions in the
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Fig. S Encrgy (a) and angulac (b) distributions of the primary
clectrons in the internal interaction space
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