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SPACE-CHARGE AND CURRENT FORCE CANCELLATION IN TOROIDAL GEOMETERY* 

Donald W. Kerst 

Electrostatic fields are derived from £ = - :~ n , with V = constant 

on conducting boundaries, while magnetic fields are derived'from 

B = 2!R i# [n x a] al so with 'f = constant on the same conducting 

boundaries. ('f1121rR = A~ ;s a flux or stream function). Furthermore,.LJ' 

and V satisfy different differential equations: (a/a~ = 0) 

The first derivative sign is reversed. 

electrostatic ( 

magnetostat ic r 
It cannot then be expected that in toroidal geometry a, £1 = J BI ' 

which is necessary for approximate cancellation of space-charge and 

space-current forces on incoherent motion with B-1. While we speak of 

Uimages U of c~rrent or charge in the poles or wall, the image model is 

possible only in two dimensions. In 3D charges at infinity are needed. 

A geometric way to see this for cylindrical geometry is shown in 

Fig. 1. We see t h at B I £ I = I B I h old son 1 y at R = R 0' and t hat at 0 t h er 

R 
values of R, B 1£\ = I B I ~ and thus force cancellation is 

(1 ) 

*Sponsored by Defense Advanced Research Proj ects Agency, ARPA Order No. 3718, 
Amend. 37, Contract Number N60921-81-LT-W0031. 



.i. 

cylindrical beam 

instead of toF 1 i near beam (2) 

Stated the usual way, for a linear beam cancellation occurs to within y-2 

of the predominant electric force, but in cylindrical fields cancellation is 

with in 

y - 2 + (R fR - 1) ~ - ~ 
o Ro 

of the electric force. So electric force predominates for R < Ro' ana 

magnetic force predominates for R > Ro for y-2 small. For 50 MEV 

electrons y = 100, and in an orbit of radius 100 cm the toroidal effect 

governs for part ic1es a distance of 0.1 mm or more away from the sheet 

(3 ) 

beam. At high currents electric fields of 200 KVfcm exist a few centimeters 

from beam centers, giving 200 KV fcm x 10-2 or :I: 10 KV fcm or its equivalent 

magnetic field, toB = 30 gauss, of unbalanced force field a few centimeters 

from the orbital radius which can be several times the focussing force of 

the guide field in our cases. 

The magnitude of these fields suggests (1) that changes in the radius 

of curvature of a beam pipe or chamber or bumps on the wall could make force 

bumps at fixed points along the orbit of intense beams, and (2) that a test 

particle oscillating radially fully and symetrica11y across the beam would 

have effective cancellation of the force on its oscillation frequency 

because the unbalance force is always radially inward and does not reverse 

on oPPosite sides of the beam center. (3) Off momentum particles would have 

a negative increment in momentum compaction at R > Ro and thus ride closer 

than normal to Ro' and at R < Ro they would ride farther than normal 

from R o· (4) There must be an effect, perhaps large, on the space charge 

2 



limit on radial forces. (5) With electrostatic ."images" in their 

automatically induced locations, perhaps the current Ilimages" can be 

distributed so the resulting forces cancel. That is, the scalar magnetic 

potential problem obeys\/~= 0 in toroidal geometry, but it takes its 

boundary condition from the distribution of Gilberts or amperes on the 

walls, -- this we can adjust in 3~. 

3 
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