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Abstract

This paper deals with the characteristic ripple and gain characteristics of CEF-type
forward-wave amplifiers in a special case where Q=0, d=0, 3,=20, and C=0.05.

A derailed investigation of the incremental propagation constants shows that the real
parts possess a dependency on the electron injection velocity parameter b:

1. In the region where —1.4=62=0.8, x; which is greater than zero, is associated
with the wave that exponentially increases with the increasing spatial angle, while z; is
associated with the exponentially decreasing wave. Thus y, and y, possess the same value
over the range of b for which x; and z, differ from zero. For values of b lying beyond
this interval, ¥, and ¥, have separate and distinct values. This interaction is due to the
coupling between a synchronous space-charge wave and a forward wave.

2. In the region where 1.1 25 =19, x, which is greater than zero, is associated with
the exponentially increasing wave, while x, is associated with the exponentially decreasing
wave. Then ¥, and y, possess the same value over this range of & for which x, and z,
differ from zero. For values of & lying beyond this region, ¥, and y, assume separate
and distinct values. This is due to the interaction between a slow space-charge wave
and the forward wave.

3. At large negative values of b, in the region where the real parts of the propaga-
tion constants vanish, ¥y, approaches zero, while y, approaches the complex conjugate of ¥,.
It follows that %, is a synchronous space-charge wave, ¥, is a fast space-charge wave and
ys is a slow space-charge wave and thus y; asymptotically approaches the cold-circuit
wave phase velocity.
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4. At sufficiently large positive values of b, for which the real parts of the incre-
mental propagation constants vanish, y, approaches —b, while y, approaches zero. The
graphical results also shows that y; and y, asymptotically approach the same positive and
negative values. Thus y,; and y, are the fast and slow space-charge waves, ¥y, is the circuit
wave and ¥, becomes the synchronous space-charge wave.

A plot of gain in db versus the velocity parameter # with the number of wave angle
N as parameter has provided a general approach to the small-signal study of CEF-type
forward-wave amplifiers. Among the important consequences of this plot, the following
are particularly significant:

1. In the case of large N, the gain is largest when 5=0 and steadily decreases as
bx0.

2. In the case of small N, the gain is largest when b6>0.

3. When the & value is approached, for which x; vanishes in the region of positive
values of b, the small-signal gain can be obtained by characteristic ripple effects.

A plot of gain in db versus the electrical angle with the parameter & shows a spatial
beating pattern:

1. At large negative values of &, where the real parts of propagation constants van-

ish, the net gain at any spatial angle depends on the vector sum of all four waves. The
amplitudes of the beats increases with both the electrical angle and the velocity para-
meter, as the & value is approached for which x; vanishes.

2. The small-signal gain possesses a linear spatial variation when & is equal to or
greater than zero. The growing-wave gain in the case of large N values is largest when
b=0 and steadily decreases as & assumes the successive values 0.4, 0.8, 1.2. When &
assumes still larger values, the growing-wave character is almost absent from the gain
function and the amplitudes of the spatial beats decreases as & takes on the successive

values 1.6, 2.0, 2.4. This likewise is due to the characteristic ripple effect.
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Fig. 2. The incremental propagation constants Fig. 3. Con vs b in the case where

of CEF-type forward-wave amplifiers. Q=0, d=0, f.=20 and C=0.05,
(Q=0, d=0, 8.=20 and C=0.05)
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CEF-type forward-wave amplifiers.
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