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Computer-Assisted Magnetic Field Design

by
Richard T, Close

7 March 1968

I. JEIRODUCTION

The purpose of this note is to provide documentation on the
procedures now being used to design an electrode configuration that
will provide sstisfactory magmetiec fields for electron trapping in
circular orbits. The material is not original but since it exists
in a number of scattered references, there appesrs to be some merit
in gathering it in one place. Section II of this note deals with
the basic equations that must be solved and the parameters of interest
in magnetic field design. This materisl is essentially classical
electrodynamics and should be familiar to the teclinical reader.
Section III deals with the computer program that has beenm writtem to
perform the necessary calculations. It outlines the relaxation
technique employed and enumerates the various features now available
in the program. A separate note has been prepared which gives
specific instructions om the use of the computer programs.

II. BASIC EQUATIONS FOR FIELD DESIGN

L]

To describe the steady state magnetic field H set up by a curreat
-»
density ], the field equationa:




exd-] (1)

v+B=0 ‘ (2)
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sre used. Jn view of nqult:l.ﬁn (2) it is possible to obtain the
magnetic fleld from a vector potential function I defined by:

BevxA. (3)

For the axially symmetric case in cylimdrical coordinates, it is
only receasary to specify the © component of the vector potential to
obtain the radisl and longitudinal magnetic fields. In this case
the fields are givem (in a vacuum, B~ ﬂj by:
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The equation that A, obeys is obtained by substituting equation (3)
into equation (1). Here there is really not much value in expending
the wvector pcrodur.:tl involved since the apparently sinph relation
obtained {?‘ A= h I) is fairly complicated in anything but
rectangular uo:dl.utu. It is better to work in generalised
curvilinear coordinates to insure ilu: the gradient cperstion om
unit vectors is cmtl: nﬂm This being the case, one
evaluates the O compoment as:
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It is convenient to define a function Y such that:

In a current free regiom, ¥ obeys the elliptic partisl differemtial

equation:

The design of a suitsble magnetic field configuration is reduced
to the solution of equatfion (8) for various specified electrode
shapes. It is imstructive to formulate equatioms (k) and (5) =

terms of Y,

¥ =xhAy .

B (2 E)-o .

1 ¥
=T ™

I -} 4
5--"3==ar -

From equation (10 one obtains:

This relation allows the me_nr.l.!mtin of ¥ with the flux.

r
Y-ﬂanjuﬂ'dr "

More precisely the flux & is given by:

r

f=2nY,.

(7

(8)

(9)

(10)

(11)

(12)
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be used are rectengular and follow the integration mesh. The computer
progran 16 written so ths® one nsed omly speclfy the wm2sh wodsl poinmt
number et which o start {on the lower left of the net) amnd the width

of the path desived {in terms of mesh nodes). Sizmce the imtegral is

nown to be independent of path the choiee of the staviing point and

rhe width should net be eritical. The uwsusl prosedure is te use

several different paths gnd to average the results. In no case tried

zo far has a wveriation of greotex than one pereent been obsarved between
various peths. The prastice of svevaging 1z seem to be of little

waive in this cage but it hes been rebained in the progrim. From the
ilime imgegral, the current, ivpductamce and stoved energy sre easily
spivulated.

The only remaining guaniity of imterest iz the field index
along the wedisn plane a3 defined in éqmﬁti@m {16} . Some saxiety
wes expreczed sbowvt the calculation of thiz porameter. This avises
principally from the fact that it involves the second devivative of

the flux Function ¥ which wmas itcelf cslenleted by ¢ fimite difference

warthod, Swall srrove iz Y might be grestly wegnified fvn quesniicies
&

rhat ave calsulated by £inite diffevence spprowimaticns to devivatiwvs,

So far this fear bas been groundless and appavently setisfactory
repulis have bess oblelieed using only the simplear finite differswce

gouations .,

One additionnl featuwre of this computer program is thet £t will
puneh vavious parawmeters o cards so that they can be used in other
calenistions. A the present time ¥ iz punched om cawds if a comtrol
WP im zeb agwal fe ﬁmity im the input data. These cavde ave

chen used in frajectory calenlstions,
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