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Algorisms are developed for use in computations,

on a two~-dimensional grid, to determine the magnetic
scalar potential characterizing the scaling field of
a sprially-ridged FFAG accelerator and the resultant
field~components to be used in computations of
particle motion. In distinction to the case con=-
sidered in MURA-LJL-8 (Revised), use of a rettangu-
lar mesh is permissible?rather than one in which
the vertical and horizontal mesh dimensions are

necessarily equal.
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I. The Algorism for L, to be Solved by Relaxation:

The differential equation for (L is taken to be [cf., MURA-
LJL-8 (Revised), 21 February 1956]:
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where,a denotes é{,) + /V%,élzj»,.,./, and ,Z is taken to

represent the mesh interval in the /7 direction. 1In practice
the two termsﬁjfg +_Q77» strongly dominate and an algorism
for this quantity may appropriately be developed in a manner
which takes advantage of the fact that ﬁff +ﬁ77 is very
close to zero,

We now perform Taylor expansions forﬂ/al ﬂ'/"; ﬂa/'ﬂo_ﬁ

/2’9 7 -4, _4,4__, and _{7 —/~/ in terms of h and
/ (thef and/y mesh-dimensions, respectively), continuing the
series through fourth order terms., The first two of these ex~
pansions are then each multiplied by sLZ _A* the next two
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Since, as mentioned above,.JQ. is nearly harmonic (in the Cartesian
sense), we may with good accuracy ignore the fourth-order derivatives

on the right and take _Q§5+—Q/77to be well represented by the

algorisms
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For the remaining, smaller, terms simplée algorisms should suffice:
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With these algorisms substituted into the differential equation

(1), we obtain the working relatlon to be used in the iteration process:
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In this last expression, the coefficients of _Qoo, Doy +ALD_,p s

L1,, :ﬂo-/ ,EQ-//'*—Q/—./] , and[fl// +/) ,__/J have been
termed, respectively, & N, , Nove, Moo, Moo,y Ny, avoe Ny

II. The Algorism for.n__é_:

In developing an algorism forf); , to be used in forming the
reduced fields required for the dynamical equations, we invoke a
relation obtained by ;- differentiation of the differential

equation forJf2 (equation (1)). This relation is of the form
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Again Taylor series . for _/).,o "-Q_/o s L0 of 9ﬂ0_/ ,_Q,, ’
LLow y L4y, and L) .y are formed and the weighted sum constructed:
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IIT. The Algorisms for-,/l-ﬂ?:

Similarly; in developing an. algorism for_/l7, we make use of

a result obtained by n7- dlffererentlatlon of (l)
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and (7.+/ , are again employed and the welghted sum constructed;
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neglecting the combinations of fourth~derivative terms and employ-
ing (4) we now obtain
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1V. YLm in the Median Plane, and its Average Value:
1
For normalization of the scaled fields we require the average

value of_/L7 evaluated in the median plane. Making use of the

fact that_fl is an odd function, eq. (5) reduces, Yzip jép to:
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With %z'/ﬂ intervals in the perlodafg !l the average value of this

quantity is zij
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It may prove convenient to employ this constant as a scaling factor,
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for the values at the individual points of the mesh, In this same

vein —‘9779762;’:{
AR e >V 1/
4”"747 ;:_/25,



n[ﬂvrjﬁ;é’“]

G

Ao

(&

{.g-p 175%) R )L omll )5 AL ) u}ﬂ
,a;

-f{-f-(/ﬂ%:z.) FRY )l 2 Yoy Wﬂfi-') A

*—{ Y .m,( + ﬁ-’?jﬁ‘- (e e+ "’)"4 (/")/ - W@w‘-/)ﬁ'ﬁ/w)/

*é”' _, (w1122 ""QMQ‘_"_)_‘/}JL

) A A

MURA-205
(9) Internal

) Ep) A

T34 /dp
o )ty or A,
Ao 34, 2!

ﬁ" 31&0 —lo o 3’(90 -an

A
{_ 7””6/&:)4 ) 24/94 (/o)/}ﬁ
L y
+ . -k //W)f 2"7’(40)/» ﬂa(l—/ 4
( ——’? ) ale - Y Y /z{;_,

iy (/w)/ 27 (o), 7 é)l-/)ﬂyw/ a

(7)

n-1
Zﬁz,
P2 -

’ /
(Note that/gf and/%,'i,é-l are to be distinguished here, in that the

-3
latter quantity is used in the factor //- 2r 24 «(y-;Z)

and

<f'—~/

3 A,

2 l“;(
’Z[‘ Z. Jflfy

Z:—/Z-il

izo



MURA=-205
(10) Internal

-

2 A P Pl g
{___ qr/.o/w»u/ 27 //w)w 7% 4 -:)m‘/} o
2 A

{(,. ‘/’7‘/7 ) a2 20 oh-1)(G-n )A?,(JIL
2 A, o/

’,_{L/w[ /“’)”':7 37,1‘%1 I)/Zn"}( 0 g%k -i)é-l )yjz

/—{6’77(1/0,)/”7 * 27746"4 ‘1)7/‘}/ } L0
A, 2 A,

) o (oo Y, AN

[ f&ﬂ’rl(w/»/ 27 77%4,/)@42/
S A .,

_’7’//, (/w)/l«»/ 9’7’[/40)/»/7_ /72/44‘ /)7/2«‘/}_/2
+{ % y

] L

K 4-%%‘2_7. R,
[Z-é(/+ /9':‘9 =X Z ﬂ;, ©)

V. The Scaled Fields:

< 27
For use in the dynamical equations, withﬁ =Q%L"7/ , we make
o

use of the scaled quantities ("fields") formed from expressions (6),
(7) and (8): ,
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Of these quantities,/{z will be an even function of,7 and both ,{,,
and £ will be odd.
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