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Fig. 1. Two types of scattering from a single joint: (a) Incident from left; (b) incident from right.
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Fig. 2. Small signal gain versus bp at z = 100 with
Co = 0.05. Solid lines indicate results including backward
wave (fourth-order model), whereas dashed lines indicate

results omitting backward wave (third-order model).

3.2 B—RHTRREHNEGETE

B 52 75 B4R FH R P T — AN AN IS, 1
NS SN A2 10 R IR Wi S 5 b 1 BB A /M 5
R, D) = by, WIS T C = 0.05, WK 3T
IR AEANEBE p A 10 R R Wi 5 B b IR EUE —2
F4, KN, HHHEAERFE S M HEMSEAQC T
FI/NME S, SRE /RS RISED
WRIREUE —2 3 4 TS /ME 5 18 25 2540 W B 4 f
IR, A AT SR AQC BRK, K /M 5 3 i %
() Do B, FIT AR 2% ] EEL A7 2 8 %o 92 ) B 2 4 %o
s (R LA 2 ) N ) 26 ) A s . AN IESR S
2R IR W 2 5 b BB /ME 5 3 25 oK, DR /)
B9 MR 2 EB KT .

b“

b(2)

b = binax

0 50 100
xT

K3 RSB EETEREMBKEs4H, b =
bmax (0 < z < 50), Co = 0.05, zx = 100
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half (0 < z < 50), Co = 0.05, zx = 100.
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Application of transfer matrix method to calculating the
effect of multiple internal reflections on the small signal
gain ripple of TWT*

Yi Hong-Xia! Xiao Liu Su Xiao-Bao

(Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China)

( Received 28 October 2015; revised manuscript received 16 March 2016 )

Abstract

The low-signal-gain versus frequency slope is often a highly desirable property of traveling wave tube (TWT) used
in a communication system. The gain ripple is usually caused by internal reflexions of forward and backward waves in
the TWT. Random fabrication error may have a detrimental effect on the performance of TWT. The quartic equation
including backward wave models the effect of reflection to analyze the effect of Gain ripple from many small circuit
errors in a TWT operating under small-signal condition. We present a transfer matrix method (TMM) to correctly
calculate the transmission and reflection of the wave incident respectively from left and right at a single isolated joint.
The TMM, which links the input signal to output signal that includes the feedback signal from the reflections at multiple
joints to the output end, can calculate the gain ripple of multiple internal reflections. Appling this method to several
numerical examples, we look at how small signal gain is affected by a single isolated discontinuity and many small
randomly distributed discontinuities. In particular, we investigate the effects of random perturbations of Pierce velocity
detuning parameter b and Pierce gain parameter C' on the small signal gain at different values of space charge 4QC. The
computed result agrees with that from Chernin’s model. We find that reflections may significantly increase the statistical
effects on the gain. A further conclusion is that the standard deviation of gain, cggain, increases with o, gradually, but
the ratio of the backward wave power to the forward wave power at x = 0 decreases with o, when standard deviation
of pierce velocity detuning parameter, o}, is more than 1.5. In another example, the effects of two discontinuities of
pitch distribution and many small random pitch errors on gain ripple are reported for a G-band TWT. We find that
larger pitch error and longer distance for the discontinuities may produce a larger ripple in the small-signal-gain versus
frequency. Many small discontinuities may produce a large gain ripple, and the gain ripple grows as the level of pitch
error increases. These effects of random fabrication errors become increasingly important for very high frequencies, such

as 1 THz, at which TWTs are currently being designed and built.

Keywords: transfer matrix method, small signal gain, reflection, traveling wave tube
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