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DISPERSION RELATION OF LONGITUDINAL
CARRIER WAVES IN SOLIDS BY
COUPLED MODE ANALYSIS
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(Chang Eon Kang, B. Ho, and D. Newell)
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Abstract

Normal modes of carrier waves due to longitudinal modulation in solids have been defined.
The dispersion relationship of these waves in the presence of collision effects and thermal
diffusion is derived and examined in detail. It is also shown that the carrier waves are reduc-

ed to the wellknown space-charge waves and electroacoustic waves in special cases,

L Introducti ulation are given by Ho and Fanson (3).
. Introduction
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A growing interest in the wave interaction 1n (24 /
solids has been shown by several authors(l), (8). < aa _}.jlgT>V:_ZSJ (2)
The purpose of this paper isto present the carri- -
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er waves in terms of normal modes. Once the wave
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Characteristics of these modes are understood, the «»=shunt admittance of the line
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nteraction between waves or external circuits =it
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can easily be carried out by the coupled mode Z.=series impedance of the line
technique (2).

w [ Wy ar® 1
Lyl et L
- 2 02 — z A
2. Derivation of Normal Modes and Dispersion €t L@ 1—ar jol
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Relation A= 4iT% )
The equivalent transmission line equation of Be /
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carrier waves in solids due to longitudinal mod- (1=ar?) k j2eT
. . I S - ar=thermal-to-drift velocity ratio=wv:/u,
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transmission line is

The characteristic impedance of the equivalent
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where

X [ar® (1+ wT) w2T2+ l‘;"z (1-a 2)]

The fast and slow wave can be expressed as

a.=a,(0)el** 4
The propagation constants for the fast and slow

waves are
=—j(B1T B) (%)
where
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where the + sign represents the fast wave and
the slow wave respectively. These modes can
also be put in terms of the line vcltage V and
line current density J as
a+=C;V+C,J 6)
the C, and C,
such that the total kinetic power carried by the

are constants to be determined,

modes is
P=g,a,*ta_a * 7
From Eq. (4) we see that the modes satisfy
da,
gy s (8)

Substituting Eq. (6) into (8),
coefficients of V and J separately, one obtains

L wX ©
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and equating the

which is the characteristic impedance of the
equivalent transmission line. To determine the
coefficient C,, let’s take a look at the Kkinetic
power carried by the fast mode
P,=aa*
=4C 2| V|® (10)
where V=Z,J has been used. The kinetic power

can also be expressed as

PL=5R(VJ¥)
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Equating Eqs. (11) and (10), C, is found to be
1 .
c ZTSITZ;!_*/ R.Z, 12)

The normal mede for the fast wave is then

a,=

'V"IZ ! - R Zy (V4 2oJ) (13)

Similarly, the normal mode for the slow wave

can be found as

_ 1
a'_——__J‘sleol V' R,Zy (V=2,7) 19

3. Results and Discussions

The dispersion relationship of these carrier wa-
Fig. 1b shows the -8
plot of the carrier wave for various drift-to-the-

ves is given by Eq.(5).
rmal velocity ratio. It can be seen that when u,
>wv:, the waves approach the well-known space-
charge waves, whose dispersion relation is given

1
by (4) 51:7

v;>uo they approach the electroacoustic waves(5)

(@ Fwp). On the other hand, when

ﬂi:——sz._wp Furthermore, when u,>wv:, the
backward electroacoustic wave becomes the for-
ward slow space-charge wave, which can interact
with a slow circuit wave to convert the carrier
kinetic energy into r-f signal energy (6). The w-a
diagram, Fig. la, shows that there is no instabili-
When

collisions are frequent, the fast and slow waves

ty. Figure.2 shows the collision effects.

are emerging and having the same phase velocity
as was reported elsewhere(7). It is interesting to
note that the slow wave attenuation decreases as
the drift-to-thermal velocity ratic increases. This
which

involves slow wave carrying negative Kkinetic

suggests that for any active interaction,

power, a high drift velocity and low operating
temperature (i.e., low collision) should be empl-

oyed..
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Fig. 1. Dispersion diagrams for carrier waves in solids with v=w,
and drift-to-thermal velocity ratio as parameter,
(a) o VS a plot.
(b) w VS 8 plot. Here Kp=w,/uq
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Fig. 2. Dispersion diagrams for carrier waves in solids with u,=2y,
and collision as parameter.
(a) w VS a plot.
(b) w-B plot. Here K,=w,/u,



