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In spiral seot~;,~~;_(~~ldil~~.... 1M!e,ncustomary to l~ate 

the potential gra4~•.2P~.IM.~~;~.~_lltbalslots. It is shown that, 

for 'the limit in which the ~i"'.U.slots are considered to form a . 

continuum, a scalinlm,~~i" fiel.dif;l ~~d if t~se slots are located. .a­

long any smooth fa,lI1lJ¥ QfcurveBc~.""(betwe&.,. tile feeder and return 
", . . . , ~ . ' 

logarithmic spiralfam~.J'oJ"..,u~a1\~rj thel"esults are extended to the 

casein which the poJef-.c:.;...i.n,g..··~yp;rtiaUyfill the associated. slots . 
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scribed but restri¢te_~aUage.~rre~t di~triQ.1:iOllS has be n solved. This 

problem permits otc,~_ll1,~~U~U~.witli re1ttively UttleaGai­

tional th~oretical~.r*CiWlt ~0I'@"."~.~~as1)lU1. t~e potential grad­

ing slots in an FYA.c~1''''tc:f',''l!t(~~H'~:''.i$C:rte manner. This 
",''-' ::,' ""","-' '" '-,.,' <>~;.-~~ -',' .- ':....;',_.,:'-:- <:- ," '"-/;-o~>,_ ~-,:.:"-,~:-:,,.; , ,,' _',' -, ":\ ' .­ . 

results in a magaef1e/fitJht<t"'~a~·~I'Q1'I1. the scaling c nditiOft. .In order 

that this deviation .all be a~ •.m8:.u.'q.s,pQ8$ible, it is expf.i~. to c~oose a 

direction for the p...:t.alcra4i.s~s,u~hthat the parti~leor.it$traverse' 

~1. To test 

the effect of th~tl,a.cl'._J__.;ot:t~~l~Son. the potentialistr~i_in the 

scaling limit, a c~~~f~grailted slots if introdueedm which 

the direction of the·C\\I'.....~ft_';i.'~lafaqU;lYofsPirais cros:siag.tbenlain 

t~r and return e~""_, ... .. I·. 

. In order toba~\".fJ.~ty;intM••i. of an rFAG mapet~ the 

previous results a",l.q.,*.n(.'to~cac8e in wlJich tb' distri'butedct¢rents 

I 

II. ~SN~IAL.Gl\A.DDiGS:9mALS I 

, ' 

The fine-grai:Ud~l••d~ slots are treated by intrOducirJga 

perm:ble anist:Jt1":"ic medium in which the relation betwien the magnetic 

field H and the macnetic induction 1f 1s1 

rt =-.... In -1',·11 ~ (1) 

where the dyadic 
I 

mailto:0I'@"."~.~~as1)lU1


(2)
 

-
has the effect ofl'e~~tQ~.ro ..:U C~~fitJ.\tSdQf H except the Ont! in me 
'J . ")),::;-;"', - "" .. '" ',' ',' - - };.. ,"" '-N"'-,'-, .... '. "" 

_~~~:.·t:~r 
- . 

then~ q = constl1.Wf;~~-.~-Ma;c.""le~~er ~d '\]q is a vecter 

normal to this CY1~·d.r. ';S:e'te~tJet~d- il1 this medium, the mag- . 

netostatie problem -r_duces otoSQlvi~' 

~.{Jt.- iflrlJ: (4) 

(5)
 

The magnetic field- .11'1' is tbe··fi~'4i·intb.edirecti()J1of 

....a.. 1 
Qperator J. 

V'q. Using for the 

(6) 

and decomposing-t.,O 

1~.t<Jr+~'iA:t.rJ (7) 

one finds 

(8)
 

The solution of Eq.· (8) is 

(9)
 

At the depth '1= 'I, of the region trav:ersed by the potential grading currents, 
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tb.e magnetic tieijl ~~tov"'h. tI e. If'f(q) 'is stt'eCl.Il;ioi....o~aRt!a 

scaling form fer"~j.:.~..,···. 

.." '1'1.., '..... It~ ie, . ." ., .). h...ih~ 
(j =~~~14,yr (1{ ..... 11" ·."~lJ (10) 

.:'} ...." .. 
where several c~_.,~~:~;,"tl"o~"dJ.convenience in late~ for­

mulas. 

(1l) 

The arbitrariness in ~~ chOjJ:e.O! €rand r is best resolved by settinl ". 

equal to zero. In this ea_ t...~·~~nt de_itybec....~s 

or 

,.,~+t-,)aT-lfjfJr. .OZI 

1 
are used. becomes 

In order that the ~~·~'1,.·i~tecla__ .the spiral. Cl = Q....~t. 

'I. = const, it is sufftei-.ttO:~, 

or 

(13) 

EquatiOn (13) substituted into Bct. (1Z) Jives 
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• • 

(14) 

(15) 

a unit vector alQ.:.~•.~ 

('16) 
" - -\ ' 

Equation (14), for ine"l¢l'f!!'~t~.~Jnes 
- " ~ ~ :'. . . __ ,; ,'" - • __ ",' • - •.•... '0 _ '. ' 

<.1··.···.,·.· .' .' ". '. . .' .....
In a previolJ•.~J),'::lt."'.~'?"~··tbe,~levantcomPQl).-.ol.H

~:' > ':_ .,'- ."_~.,' - ,;'"' _ -i'.•_:_:, _ ' ...:- ',' ", 

n· H'"'/r;fg:.;· ii'11"r;.:~"'(~-~I) h(~) . (ZIl) 

An examination of the matelltni,Q;omii~~in the previ,oqs paperl reveals 

(18) 

(19) 

. '''--'; ' . 

....... .fi;lI!J!:.;c,:",li,{~~~(~) 
;fS!~~~;< };;.";::' '.'i .• ' .'. , 

...,..........•................ -.. ..... ....
for the boundart.A·.:,.".~.,)..,:;~.~~.are 28 ' H, k,~B)and 

......
'it. B. For ther. 
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present ~.~;.e$a'ti$fie4:l1f,.forthef(:.taDd gf tr 
governing the eU1"re~~~ij~~,i,a~~".il'alf~r sl(!)ts# one takes 

and 

f(~) = 
(Zl) 

In partic..,.,i.......~,:i••~l~'_entsof H in tberepQll
 
• c'-" ~.- . " ' .- -: ' , "_:'~-" .' >- ':'.. " .,.' ,,"'''_>..''', " "" ' ._.,,, c', ,- . , .c-·-' ,." -", , - ' 

-~. <~ <~o for ..;:;.~~~.i'~":~~/llll"f~) 

d A,;i; ..·~'I~,~". ..i\,<,I,. '.." l(~\
d 'ti. • '.~.. frr'ii\;"T:Q~}·I;;ftli/#, 'nV (Z3) 

and 

(zo) 

it is convenient to ~oduce a reference potential d~fiJ:J.ed as 

J (Z6)~. If'1Fr:<It,-JlJ k~' 
6 

l.
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. .. 
. 

•."c- '. . '" ....••• , 

the siCd!~._.Mfli~1""'~" "~~)i&·~~ia~~•.~l,~?{t~,D 

and 'it = 71.0 • 

Theb~.~ 
, ,- _. ",} 

'.<~ <~, 

J 
(18) 

(Ii (~ Il,) =- '/, (Z9)
I . kt 

1(,it;;;"" . 
-.··•..;.·..·.··...I.··.';.·.. ....·.<..•..~<. ; .•.".·.··.'~.•.·.h·~.·•.."" 
vi'~~l {)t"' \ + ~] ,
 

and 

(:ll) 

(33) 
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• ' • fl 

and 

(34) 

(35) 

ing slots~ it is neCe••l',~O;~~)"~tofClllrTent flowing between two 

S,pirals differing by 4'q."lJ,w; 

Using Eqs. (3)anct«1.'~~~tN-"';l:J:ee_,. 

At- --flffib,JiYJ. .J (37) 
1 ' 

" 

which, from Eqs. (ID) _d:.:(~),lteq-otI'1e$ , 
'. ,~].J .. r.t~"Jtt ' JiC., - ,.,J,., •..AI ='.' J.. .f'~:;/'J'; ~,e ,·*"l4.rtk J{ 

. 'It""" ,'. . 
or 

Thus 

(38) 

(39) 

8 

y­



· .r,
 

,.......
 

(40) 
, 

Eq~ (3~) becomes 
I 

J (41) 

as exp~cted. 
, 

I 

~nce it is lesslike);l ,"'t.~~met""i•.tbe pOl!! face windings willI ' . " . . .... '.' . .., . . 
! 

p:rodu4e observable ef~~ ~~~ .~sarelQea:teddeep in the slots. 
I 

it is dtSirable to bera.__ ,p a.lvel tJ1e~tt"'~~'ti¢problem in which the 
, . . 
i . , 

curre~s partially.fill th$·alota•.'t... ·anis~.,ic J:D.flc»um that carries .the 

potent~l grading.curJ""~ .~~ _ tile .a~e as that cUscuse:ed in Section II 

excep~ that it is ll_e~.tt~ld. 

'I•.. 

! .. . '< 

I 
o 

"POL.~ S~CT ION Fo~ ~ = CONSTANT 

0'
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The only c.6~e$,aJ:'1to handle· thiS pr_telt:l.areto replace ll. 0 

and ill in Eqs. (Z7oj,.$$;)i:.,.•,>.cf1Jtc1:ttl)eap~'VefiguTe;to extend the ze.J:"o 

potential poles do.t~;.•~,~"p1a.¢e·4l.G'j:'o''(4)of Eq. (31) along the 

pole extensions att~:~;(_..~t!~'(S~~~.',J~frQma consideration 

of the potential in tl'leui4,~>~~W~'#i;tb!.~~c~~gslot region. 
I"",}:~*<·,"":'.;?t··~··"'·· " . ",'~~ :~ ," .' :;: _,;' ",'-' , 

From Eq. (8) 

11 J-- .. (JJ 
J	 (4Z) 

the	 solution of which is 

............•...);..•.•] 

(43) 

Equation (43) togetbeJ:'WitJt';$h4!'~cal~lreq~u-etneDtallowsthe magneUcfield 

(44) 

where the choice ofttu~~~t~~X",~jtt... taatching the tangential 
;,. ­

....A. . <; 

components ofB, at', .;;~6';<~ 

1.	 'Current Sources for Scaling ~anetic Fields. S. C. Snowdon. MURA-535 

(unpublished) . 
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