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CURRENT SOURCES FOR SCALING MAGNETIC FIELDS (II)
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In spiral sector FFAG guide fielda it hag been customary to locate

the potential grading + face windin in azimuthal slots. It is shown that,

for the limit in which the potential @radmg slots are considered to form a

continuum, a sc,aling ma netic fxe}.d ia cbtained if these slots are located a-

long any smooth fam.ﬂy of curves craﬂ between the feeder and return

spiral slots. Specificall ’_, the curves are cmi&ered to be members of the
logarithmic spiral- famﬂy For general:ity, _the results are extended to the

case in which the pole face wim!ings&nly partially fill the associated slots.
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In a previous mer tha m' ’dmmg a magnetw field from pre-

scribed but restricted scaling current distribmions has been solved. This

problem permits of cartaia Mni

eralizations with relatively little addi-
tional theoretmal eﬂa&maﬁm. For prat;tical masans tﬂpe potential grad-
ing slots in an FFAQ k k ated B ‘ . "I_‘his |
results in a magnetic&eldthatdwiafbeﬂfrumthe scaling condition. In order

that this deviation shall be as smali as. poamble, it is e ient to choose a

direction for the petential grading siots auch that the partiLIe orbits traverse '

the slots at the xargenz » &qual; To test

as;pagt ‘other fdctors be

the effect of the mcimgm aithese alots on the potential distribution in the

scalmg limit, a co f’, inuon f [ 1 ef fiae-gramed slots 1% mtroduced in which

" the dlrectmn of the eurrent ﬂmr is aJ,mg a family of spira{s crossing the main

feeder and return currmnsp:lrals

In order to havemwe flexib

Lity in the design of an FFAG magnet, ‘_the
previous resulis arealsae:ﬁandedtothe case in which th% distributed currents
partially fill the pole face slots. |

E.NTIAL GRADING SPIRALS

The fine-grained potential grading slots are treated by introducing a

permeable anisét#p‘pic medium in which the relation between the magnetic
. = 2 3 ‘ ok 1

field H and the magnetic induction ’ﬁ is

ﬁ.“ ?'g, - (1)

where the dyadic
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has the effect ofreéucingto zero all compps

Gi}t&ﬁf'.ﬁ‘ except the one in the

direction of \/q. ﬁmputs

(3)
- e | ‘
then, q = constant, is the equation of a spiral cylinder and Vq is a vector

normal to this cylindé,r. Since ﬁ‘em be fmmd in thie medium, the mag-

{4

The magnetic field H, is the field in the direction of Vg, Using for the
= | | | |

operator ,[ 1

(6)

(7

one finds

. (8)
The solution of Eq. (8) is
At the depth = 7?, of the region traversed by the potential grading currents,
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where several constamshave 1 for ¢
mulas. This gives for |

Hy = 47T

{11)
The arbitrariness in the chbice;o'f G" and 7” is best resolved By setting 7"

equal to zero. In ttus case tha curmnt densuy becames

or

which, if the variables € , & , R 1 are used, becomes

In order that the cur Wy be ir *
] = const, it is sufﬁeient to lﬁt

or

egg +(.,,+.+#;)§§ =0

- (13)

- Equation (13) substituted into Eq. (12} gives
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#e components are

(20)

that, after replacing Eqs. (53-55) of that paper by Eqs. (18-20) above, the
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ng problem are 79' H, _\:fi, and
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present bo ns are batisﬁed*i!,‘f for the f(¥) and g(¥) |

governing the current digtribution in ?,:hj}t;;ggiral feeder slots, one takes

F(8)=

and

k : {‘Gr k 0< ¥ < gl

(22)

| ,’ f‘ef -E’ < BN

(23)

| @0
By differentiating Eq. fz&)and makin.guse of Eq. (16), Eqs. (23) and (34) |
are seen to be compatible. ‘Smée the solution of BEg. (16) is

K+)
@) =h,e™" 3 | (25)

it is convenient to introduce a reference potential dgfined as
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-6 which from Bq, (24) is that of a scaled pd entisl atl =0

(29)

Q) - ~Pn)=

| e
For —%, < %<8, the bo |

For -, ¢ k <~ the be Q‘f;fil;‘:

(33)
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and

ing slots, it is neceszary to lmaw ma '&mmmt of cnrrent flowing between two

spirals differing by Aq ThuB

a1=-{(%-3 whodz = -((3.7 - (36)

Using Eqs. (3) and (14), this becomes "

(37

o
d | (38)

Thus

(39)




(40)

(41)

as expiected.
‘ v. PABT:ALLY FILLED CURRENT SLOTS
Smce it is less nkely that tm;:srfentms in the pole face windings will

praduq:e observable eftacts if these w’ﬁ;_\;‘,,{ ge are located deep in the slots,

it is d#slrable to.be able tn anlve the magmmstatic problem in which the
curretjnts partially fill the ,ﬂl@ts. : Thqamsntrapm medium that carries the

potentjal grading currentwﬂl be the same as that discussed in Section II

caxr::epiqi that it is not con 15' £iﬂed 7
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The only chang, a mcessary tohandletth‘iis préﬁiem are ta replace 7,

and }Z/ in Eqs. (27-35) by k, and ?2’_ O’f the above figure, to extend the zero ;

potential poles down to. ). F, and plaee ("'k lfa) of Eq. (31) along the

pole extensions at %a ' = ﬁﬁi"‘mfw from a consn:lerat'ignv |

of the potential mthe:mfil}ed ;:1_ i gfthe lgrading slot region.

From Eq. (8)

E . | . (42)

the solution of which is

Ho= H)1991,

Equation (43) togetherwﬁttthescahngreqmrement allows the magnetic field

(43)

to be derived from tbe 1

where the choice of the e’l po

(44)
em:lta frum matching the tangential

components of H at ﬂ "32,. "
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