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We present a theoretical analysis of a system composed of two periodic structures separated 
by a uniform waveguide section, taking into consideration the impedance mismatch at 
both ends of the system. First we examine the effect of the reflections on.the output gain for 
a single stage system, i.e., when the uniform waveguide is not present. It is shown that 
if the product of the gain and the reflection coefficients is of order of unity, the output gain 
might be significantly smaller than the one-pass gain as calculated by ignoring 
reflections. Introducing the uniform waveguide section, additional reflections occur from the 
two new planes of impedance mismatch. However, a proper location of these planes 
generates a wave, in the first slow wave structure, that practically may cancel the wave reflected 
toward the input end. The principle is similar to quarter wavelength tuning in transmission 
line or optical systems. The main difference is the fact that the electrons may have a 
significant influence on the waves, affecting the tuning condition. 

I. INTRODUCTION 

The reflections due to impedance mismatch in travel- 
ing wave tube (TWT) amplifiers can be of great signifi- 
cance in the interaction process. It was shown both 
experimentally”2 and theoretically,3 that these reflections 
cause an effective decrease of the bandwidth. This was ex- 
plained in terms of constructive and destructive interfer- 
ence of the two waves that are bouncing between the two 
mismatched regions. Another effect of these reflections is 
oscillation of an amplifier. This occurs when the gain is too 
high, such that the amount of kinetic energy converted into 
electromagnetic energy is larger than that “allowed” to 
leave the system by the output mismatch. Ultimately, re- 
flections may cause the system to reach saturation. It is 
therefore crucial in high power TWT amplifiers to be able 
to control the reflections-in particular those from the out- 
put region of such devices. 

One way to isolate the input from the output is to 
separate two TWTs by an absorbing section of waveguide 
which at the frequencies of interest is below cutotK This 
system was investigated experimentally4’5 and analyzed 
theoretically.‘j The microwave power generated by a two 
stage TWT device was of order of 400 MW at 8.76 GHz, 
which is four times larger than that produced by a single 
stage amplifier.‘v6 In this device, the electromagnetic (EM) 
radiation amplified in the first section is absorbed by the 
sever, while the space charge waves are not affected. As 
these waves encounter the second TWT section, they in- 
duce a variety of EM modes at different frequencies. Fur- 
thermore, reflections from both the sever and the output 
end, cause two waves of each frequency to coexist. The 
interference effect between the two waves in this section 
causes an effective frequency selection that produces peaks 
in the output power, asymmetric about the central fre- 
quency. Another outcome of this configuration is a signif- 
icant increase in the bandwidth of the system, from tens of 
MHz to several hundreds of MHz. This is mainly due to 
the presence of the absorbing material which increases the 

bandwidth of the cold structure but is also a result of an 
increased amount of noise induced in the amplifier. 

In the present paper we consider a system that consists 
of two slow wave structures (SWS) separated by a section 
of waveguide. At the frequencies of interest there is at least 
one transverse magnetic (TM) wave above cutoff in this 
section. The idea behind this configuration is to utilize the 
reflected wave in such a way as to isolate the high power at 
the output from the input section. For this purpose, imag- 
ine a wave propagating (and growing) in the first TWT. 
The first discontinuity between the SWS and the waveguide 
causes to a wave to be reflected. If all other discontinuities 
produce an additional wave that has an amplitude which is 
equal in magnitude but in antiphase with the first, then the 
system is tuned. The matching mechanism is similar to 
quarter wavelength tuning, which is a well known tech- 
nique in transmission line theory and optics. However, 
there is one significant difference: In our case there is a 
beam of electrons present that may affect drastically the 
EM field distribution as well as the reflection process. By 
this method, one can overcome some of the drawbacks 
associated with the absorption of the electromagnetic 
power in the severed structure described previously. 

The purpose of the present study is to analyze the 
effect of reflections from both discontinuities at the input 
and output of a single stage TWT on the gain. Further- 
more, based on this analysis we suggest a method to reduce 
this effect to a minimum. The scheme of the article is as 
follows: In the next section we describe systematically the 
system under investigation. The equations that describe 
this system are simplified on the basis of a set of assump- 
tions brought in Sec. III. The effect of the reflections pro- 
cess in a TWT is illustrated in Sec. IV by analyzing a single 
uniform periodic structure-without the tuning section. In 
Sec. V we analyze the complete system and show how the 
effect of reflections is diminished. Finally, in the last sec- 
tion we discuss some of our results and emphasize the main 
conclusions. 
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