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INTRODUCTION 

In a variety of applications, s~ch as generation of high-power short-wave

lengtll electromagnetic radiation, high-qual ity (desirably laminar) intense re

lativistic electron beams are needed. An effective approach to laminar beam 

source design is the synthesis method', which includes two main steps. The 

first one, called the internal problem, is to build a solution to cold-fluid 

equations possessing the specified characteristics,and the second step (the 

external prvblem) consists in subsequent determination of electrode shapes 

o'Jtside the beam required to realise this solution. 

BAS I C EQUATIONS 

In the stationary case the laminar flow equations 2 may be cast into the 

form 
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where mc;j' is the electron momentum, "c:: y-4neplmy is local value of 

beam plasma frequency and!, is charge density. The variablejL ,conserved along 

the trajectories,at the cathode is proportional to the ratio of magnetic field 

normal component to the emitted current density. An equation for Ole, deduced 

from the set (I), explicitly depends on the choice of the coordinate system, 

which is convenient to make so that the surface xI~O coincides with cathode3, 

For the axially sYl1V1letric flow (tJl iJ x =O) this equation has the form
3
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where hi' i=I,2,3 are the Lam~ coefficients. Eq.(2) may 

generalization of laminar beam envelope equation to the 

charge density over the beam cross-section. 

Another useful characteristic, the current function 

lated to the azimuthal self-magnetic field as 

eh B h 
¥' --!-! -!I ( rotij + Ii.lij ) 
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be regarded as the 

case of non-uniform 

~ (XI' x2), is re

(3) 

and equals to the current In terms of the unit I = mc 3/e=17 kA, which flows 
o 

through the circle enclOsed by coordinate line xl=const, 

density may be expressed with the help of function ~ as 

1. :2 1 .-~- ~ 2
IoJ~ x 11, I J 2 11zh h ""2 ' o I<2!1 

PARAXIAL EXPANSION 

x2=const. The current 

_:?_ i!.l£ • (4)
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At distances from the axis, that correspond to the current values small in 

comparison with electrostatic limit, solution to the system of equations (1)-(2) 

may be sought in the form of power series in the transverse coordinate, x2 (para

xial expansion). In the case of solid beam substitution of series 
m 
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into eq. (2) 
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leads in the lowest order to the equation (h = I is assumed)
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where f=lio"'~11,0=(3-211!1o/;t,.. ;t,.=h2:0' (3=eB,0/mc:
2
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is the longitudinal 

component of magnetic field, prime dpnotes differentiation by XI' An approximate 

substitution lJI!~411(Io' "l10' R2) with I and R being the beam current and radius 

converts eq. (5) Into the well-known laminar beam envelope equation2,3. However, 

in the contradistinction to the latter the former is an exact equation. In the 

next order (xi) eq.(2) yields a linear differential equation for the variable 

'l: = oe lIce 0' which characterises the flow non-paraxial ity: 
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where notations X='II~/¥'o' ""'''~/''o are introduced. For other flow 

characteristics interconnection between coefficients of different orders may be 

found from eqs. (I), (4). In particular 
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The rest of relations have the same form as in the case of a non-vortical 

flaw3,~. Correctness of eqs. (S)-(7) has been verified with the help of 

algebraic programming system REDUCES. 

CATHODE ASYHPTOTICS 

In the considered order of paraxial theory coordinate surfaces xlcconst, 

Inc.luding that of the cathode (xl=O), in the r-z plane of cyl indrical coordi

nates are represented by fourth-order parabolas 
2 4 

z = a l r + a 2r. 

To simplify the formulae let us assume 

I 
_ ( 0) 1/2 

xo - ~ Jeo 

where jeo is the emitted current density at 

(8) 

as a unit the characteristic length 

(9) 

the cathode center. In the following 

the values of x l ,h2,h are meant to be expressed in the terms of xo' A subsidia
3 

ry condition A (olEI may be imposed without lack of generality. 

As the initial conditions let us consider those.of a space-charge !imited 

flow: ~ -(0)=0, r,(0)=0. Together with the requirement of ~ function being 

finite they lead to an equality ,'(0)=0, which implies that tangential component 

of current densityvanishes at the cathode3. In the vicinity of the cathode the 

characteristics of such a flow may be presented as power series in agregate 

u-(3/2 x )1/3. The above-mentioned conditions and eqs.(Sl-(7) impose interrela
l 

tionship between the series coefficients. Analytical computation with REDUCE 

program5 gives the result: 
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As eq. (S) is the only relation petween three functions ~ 10,;5 and
2 2/10581 3 I 6 I 4 
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as generic functions, This freedom may be used in order to obtain the optim~m
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the, should provide the required beam parameters at the source output and
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In the case of a non-vortical flow (~=O) it is convenient to choose 
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tion for momentum of electrons at the axis ~ 10(xl ), Owing to this equation, 


2048 2 _ 5~4471 ~2027 24 being the first-order differential equation,its solution (if it exists) tends(+289575 boa2 + a1) b6bo 307230 b6bo ~9500 b3bO• 
to the final value at Xl ~ without oscillations, thus automatically00 

ensuring the beam matching in the lowest order of paraxial theory. Subsequently
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focusing magnetic field (not shown) is about 30 at a moderate level of aberra-I 
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tions. Equipotentials outside the beam (indicated in kV) are found by appro

ximate method of Ref. [6} 

340 

0.60.40.2 

REFERENCES 

I. 	D. S. Co I burn, K. J. Harke r, G. S. Ki no. In: Mi crowaves (Proc. 4· th Int. 


Congress on Microwave Tubes. Centrex, Eindhoven, 1963). p.572. 


2. Yu.I.Alexahin, JINR Rapid Comm. 11 10-85. 53 (1985). 

3. Yu.I.Alexahin, Zh.Tekh.Fiz., ~. 461 (1986). 

4. Yu.I.Alexahin, Radiotekh.Electron., 32, 2178 (1987). 
5. A.C.Hearn, REDUCE Users Manual. Version 3.2. RAND Publ. CP78, Santa Monica, 

1985. 
6. Yu.I.Alexahin. Radiotekh. Electron .• 1!. 1398 (1986). 

Received by Publishing Department 

on June 22, 1988. 

6 

AneKcaxHH n.H. 	 E9-88-445 
~eTOA CHHTeSa HCTOqHHKOB penRTHBHCTCKHX 
MarHHTOWOKYCHpyeMWX nyqKoB 

OOHCaH MeTOA paCqeTa HCTOqHHKOB penHTHBHCTCKHX nyqKoB, 
KOTOpwA n03BonReT HaxOAHTb reOMeTpHm 3neKTpOAOB, Heo6xo
AH~ AnR WOpMHpOSaHHR nyqxoB C SaAaHHMMH XapaKTepHCTHKa
MH, S qaCTHOCTH, cornacosaHHWX nyqKos B npOAOnbHOM WoKYCH 
p~~eM MarHHTHOM none. MeTOA OCHOBaH Ha napaKCH8nbHOM pas 
~OEeHHH HereOMeTpHsosaHHWX ypaBHeHHA naMkHapawx nQTOKOB 
npOCTpaHCTBeHHoro sapRAa H BK~qaeT aH8nHS ft YCTpaHeHHe 
a6epaQHA HaAneE~ B~50pOM WOP~ 3MHTTHp~~eA nOsepXHO-
CTH. 

Pa60Ta B~onHeHa B 06~eHHcTHTYTCKOM HayqHO-NeTQAHqeC

KOM OTAene OHXH. 
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,Alexahin Yu.1. E9-88...j445 
A Synthesis Method for the Design 
of Relat:i.vistic Magnetically-Focused 
Beam Sources 

A system of equations governing stationary laminar spa
ce-charge flow is presented. In the case of solid axisym
metric flow it is reduced to a set of ordinal'y differen
tial equations in the longitudinal coordinate. In the vi
cinity of the cathode the solution is given in the form 
of power series. A synthesis method of relativistic Pier
ce-type gun design is proposed, employing the obtained 
set of equations. 

The investigation has been performed at the Scieatifi 
cal-Methodical Division, JINR. 
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