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The main theoretical aspects of the experiments performed and reported recently are 
discussed here. First the one stage amplifier is considered. As a preliminary step the behavior 
of the electrons is followed in the phase space at different points along the interaction 
region. This analysis reveals that about 30% of the interaction region is utilized for 
construction of the electron bunches. It is shown that although the average energy of 
the electrons remains unchanged along most of the amplifier, their energy spread increases 
substantially. Since the system consists of two long tapered sections, it is suggested 
that the effective length of the interaction region might be signscantly longer than the physical 
length of the uniform structure. It is further suggested that the electrostatic periodic 
potential induced by the beam may also improve the interaction process. The next subject 
addressed here is the bandwidth of a single stage amplifier. It is shown that the reason 
for the narrow measured bandwidth is the gain of the system. In fact the output signal from 
a short amplifier is narrowed by exactly the same amount the amplitude of the 
electromagnetic wave is increased. This result is general as long as part of the radiation field 
is reflected from both ends of the amplifier. In the second part of this paper the two 
stage amplifier is analyzed. As in the case of the single stage amplifier the behavior of the 
electrons is followed in phase space at various locations along the system. This 
discussion leads to an analysis of the development of “sidebands” which are not symmetrically 
located around the initial frequency at power levels that do not correspond to a nonlinear 
process. It is suggested that these sidebands are amplified noise-produced basically 
in the first stage. The sharp selection of frequencies is due to the constructive interference of 
the waves bouncing between the two ends of the second stage. This selection is not 
symmetric relative to the initial frequency. Some considerations regarding the bandwidth of 
the system are also presented. 

1. lNTRODUCTlON 

The experimental results reported recently’” reveal 
new phenomena that may be of importance for the design 
of a high-power traveling-wave tube (TWT). Let us review 
the main experimental results. The system was operated in 
the x band at 8.7 GHz; it consists of a periodic structure 
which has either 11 or 22 periods. The amplifier input 
signal comes from a 250-kW magnetron and it is powered 
by a 0.85~MV, 0.8-1.6-kA electron beam. A maximum 
gain of 33 dB corresponding to a total output power of 110 
MW in the TMol mode was achieved at a current beam of 
1.6 kA. The peak efficiency was 11%. The bandwidth of 
the cold structure was measured to be of order of 150 MHz 
whereas when the wave was amplified the bandwidth 
dropped by an order of magnitude to 10-20 MHz. The 
high gain and the finite reflections from both ends cause 
the amplifier to oscillate for currents higher than 1.7 kA. 
To avoid this positive feedback, a second experiment was 
performed in which two 22 periods structures separated by 
a sever was investigated. The maximum gain, in this case, 
and total power achieved with this device were 37 dB and 
410 MW, respectively, at a beam current of 975 A with the 
same diode voltage as above. 210 MW of this power was at 
the magnetron frequency corresponding to a 24% net con- 
version efficiency. The rest of power appeared in “side- 
bands” separated from the magnetron frequency, asym- 

metricaly, by about 100 MHz. The bandwidth measured in 
this case is of order 100 MHz, substantially higher than in 
the first experiment. 

In the present article we shall consider first a single 
stage amplifier and afterwards the double stage is analyzed, 
concentrating in particular on the effects that do not fit into 
the framework of Pierce’s TWT theory. In Sec. II we con- 
sider a single stage amplifier. This section has two parts: 
The first illustrates the interaction of 64 clusters of elec- 
trons with an electromagnetic (EM) wave4 in a periodic 
structure identical with the uniform structure in the exper- 
iment. This analysis reveals that it takes 20%-30% of the 
interaction length, for the bunches to build up. For 80% of 
the interaction length the average energy of the electrons 
remains unchanged though their energy spread has in- 
creased dramatically. This energy spread indicates that the 
beam may interact with waves that have phase velocities 
significantly different than the one in the uniform structure 
(as long as it is smaller than c). In other words, we no 
longer have to consider the tapered sections as purely tran- 
sition regions for the EM waves but also as potential con- 
tinuations of thk interaction region. This implies that the 
effective-interaction region is longer than the geometrical 
length of the uniform structure, explaining though why the 
measured gain is significantly larger than that predicted by 
Pierce’s TWT theory taking the interaction length to be 
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