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The Helitron Waves on a Filamentary Electrostatic
Electron Beam, especially on Dispersion
Curves and Kinetic Power Flow

Ichiro SAKURABA

Abstract

In this paper, a normal mode analysis of an E-type filamentary electron beam is pre-
sented. This beam was focused by introducing a potential difference between two concen-
tric cylinders with an electron tracing the path of a helix between cylinders.

The normal mode analysis developed in this paper yielded the following interesting
results :

1) The space charge wave on this beam was named “helitron wave”

2) Two helitron mode amplitudes were defined as follows;
ay = (U=xZK)WZ,

where @.=mode amplitude of the fast helitron wave
a_=mode amplitude of the slow helitron wave
U=Chu’s kinetic voltage, —(m/e) vi,
p=transverse velocity of the electrons in the beam
u,=drift velocity
K =ceffective transverse current caused by the displacement of the electron
beam from dc value
Z,=characteristic beam impedance for the small-signal quantities of the

helitron wave.

3) It was shown that the a, mode, the fast helitron wave, travels with a phase velocity
slightly greater than the drift velocity, whereas the @. mode the slow helitron wave,
travels with a phase velocity slightly less than the drift velocity.

4) It was shown that the helitron wave carries positive kinetic power, whereas the slow

helitron wave carries negative kinetic power.
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Comparison of cyclotron waves and helitron waves.

Cyclotron Waves

Helitron Waves

Equations of Motion

dx|di? = e (dy/dt)
dyldit = —w.(dyldt)
dz|di=V21V,

d*x|dit=whx
d¥y|dtr = why
dz[dt=V 1V tan ¢

Small-Signal
Assumption

=Ty,

Y=YoFY1, =2

Space Charge Wave
Equations

A%z, [diP—we (dy,|dt) =0
A2y Ao (dxy | df) =0

d?x,/d+ 2051, =0
A2y, [di?+20%y: =0

Mode Amplitudes

azx={UztjUy)

Zo=(2V ol 1 1s]) (Be/ Be)

ay=(U+ZK)4/ 7,
U= Us+iUy
K=Kas+jKy

Zo=(2Vof | 1)) (V2 B/ Be)

Normal Mode Form
of Wave Equations

Space Charge Waves

Phase Constants
Phase Velocities

Group Velocities
Sign of
Kinetic Power

{dldz 47 (BeF Be)} ax =0 {d]dz+j(BeF V2 Br)} az =0
Fast Cyclotron Slow Cyclotron Fast Helitron Slow Helitron
Wave Wave Wave Wave
B+:lgc“ﬂc ﬁ—-=ﬁc+ﬁc 3+=Bc_l/_2_/3h B-—=Bc+l/?ﬁh
Vpe==uofl Vp—=u,fl
Voemtoll—lude) |Vo-=uoltada) | Vormoll o Vemmll
Var=ug Vo-=u, Var=u, Vog-=u,
+ — + —

we=cyclotron angular
frequency, 78

wr=helitron angular frequency,

Y 1Volli+3)
Remarks

Bo= weftto, Br=wafto

w=signal frequency

Be=wluy,

ue=drift velocity
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