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Electron Beam Trajectories in CEF-Type Devices
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Abstract

This paper deals with the electron flow properties of ribbon-shaped beams in cen-
trifugal electrostatic focusing systems.

The electron motion in radial and linear tangential perturbations is a combination of
circular motion with an angular velocity £, and a simple harmonic motion in a radial
direction of angular frequency 2 2,. “The spatial angle corresponding to one period in
radial and linear tangential perturbing influences is the characteristic rippling angle.

The beam in this system carries four space-charge waves: a positive-energy fast wave,
a negative-energy slow wave and two synchronous diocotron waves. Propagation con-
stants of fast and slow waves consist of electronic propagation constant, plasma propaga-
tion constant and the ratio of angular frequency of simple harmonic motion in the radial
direction to angular velocity of circular motion.

The beam stiffness—i.e., the ability of the beam to remain in its equilibrium trajectory
under the influence of lateral disturbing forces—is directly proportional to the equilibrium
angular velocity of the electron.
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MHEHE Ty, X5 CEF ®ic11% © slow and fast space-charge waves @ (3 712,
growing and declining synchronous diocotron waves MfEAEL &S, ZOETMEE T —~
AEPTV D, IADOETE - AaOFMMAERICE FE V2 REERTEY, ETFHE
DAL bR T 2 LESD D,

Lica» TA#BH Tk CEF BlEH ¥ — 4 @ radial perturbation & tangential velocity

perturbation =D\ CESBE 70 BB 4 1T/, X 5T beam stiffness 12>\ TS5,

CIRCUIT
LT T T11T soLe
GUN —>
-._.—-——)B
“OM TYPE
CIRCUIT.
TT 1T FT11
GUN 1=
SOLE @B Ve
i INNER CYUNDR[CA[_C
M TYPE ELECTRODE
SoLg 7 Radius of the electron

/E—:‘\ 7e Radius of inner cylindrical electrode
rs Radius of sole
V. Voltage of inner cylindrical electrode
RCUI
o T Vs Voltage of the sole
¢ The electron

NCEFY TYPE g Spatial angle
Fig. 1. Schematic representation Fig. 2. The centrifugal electrostatic focus-
of three forms of forward-wave ing system employing purely radial ele-
amplifiers. In the drawings the ctric fields.

symbols E and B indicate static
electric and magnetic fields re-
spectively.
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So  Trajectory of electron following a circular path with no initial radial vel-
ocity component and no initial radial displacement

S, Trajectory of an electron with an initial positive radial velocity component

S, Trajectory of an electron with an initial negative radial velocity component

S; Trajectory of an electron with an initial positive radial displacement

S, Trajectory of an electron with an initial negative radial displacement

Fig. 3. Focusing properties of a radial electric field in a CEF-type system.
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5. Beam Stiffness
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