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PURPOSE

To extend the results of TM-464 which treats the effect of
finite resistivity in stainless steel bands to the case in which
the susceptibility is also finite. Only the case in which u-1
and the band thickness is small will be treated fully. For a
premeability of 1.001 the field distortion is less than 1%106

in the energy doubler dipole.

SCALAR POTENTIAL OF EXCITING CURRENTS

All geometrical quantities are shown in Fig. 1. The ex-

citing current 1n the sheet at p=a is assumed to be

iZ = iO cosd. (abA/cm) (1)

Since only magnetic quantities are involved the scalar potential

is sufficient for this calculation. Thus

Ap 0<p<a
vV = sing (2)
:_B_ a<p<oo .
L5
The fields are )
—A} -A
Hp~— ? sin¢g , H¢ = 5 cos¢ . (3)



The boundary ccnditions at p = a give

A= 21l , B = - 2mi, a®
FIELDS AND POTENTIALS FROM MAGNETIZING CURRENTS
The potential may be taken as
(% A, I,(338) sin 532 ? 0<p<b
V = siné 3 LB, Il(ﬁgﬁ) +C, Ky (n“p)] sin 522 % b<p<c
. L D, Kl(ggﬂ) sin Q%E j c<p<w,

From this potential the fields become

1
nm nmp . nmz }
pX T An 11(‘a"> sin =z— f

i t
i )y 0T nﬂp nmp . nﬂzi
Hp-— sing { % [B I (—=) + C, Kl(—a_)] sin —=

d
nm ' nwp Nz
nmw nme i Az !
Log Dn Kl( 3 ) sin ) ),
/
ol nmey ... NTZ )
g 5 LA Il( 3 ) sin 3 2
- P nmp nmp rﬂ_g}
H¢ cosd < 5 Z[Bn Il( 3 ) + Cn Kl( 3 )] sin 3
1 nﬂp nmz |
5 )} Dn X ( -) sin i J,

and
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. nm nme N 7 A
% 3 A Il(~a—) cos =g=
o s nm nwp nﬂp nrz
H, sing { Z a [B I ( ) + Cn K ( ) cos 5
nm nmwp nmz
kZ 3 Dn Kl(—a—) cos —3- (8)

BOUNDARY CONDITIONS

+ -
At =D H =H
Y s H 0 o ? or

nm ., _ ' nmb '/nrb .o NTZ _ op-1
g uB, - A)) I;(=37) + uC K, (537)] sin =3~ = =5 B, (9)

+ -
and, H¢ = H¢, or

(A, - B I (n'ITb - ¢, Kl(ﬂgé) = 0. (10)

+ -
At p = ¢, Hp = qu, or

m ! ! | . —
2 BT B, I,(RT%) + (uc - D) K (Bf9)] sin 212 = E=d B, (11)

d d 2
¢
+ -
and, H¢ = H¢, or
nﬂc nmey _
B, I,(=37) - (b, - C ) K; (=) = 0. (12)

Matching the tangential components HE gives the same conditions
as matching the components Hi.
Since the band exists only over the central portion w of

the repeat distance d, w - 1 in Egs. (9) and (11) may be multi-

pliled by
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0, 0 <z<%(d—w)
|
, . 1 u 1 . T . W .. D
¢ 1, %(d—w)<z<§(d+w) = = 2 = sin & sin %gﬂ sin B%E . (13)
n-1,3,s
0, L(atw)<z<ad
> 2
Combining Egs. (9-13) one has
<mrb)A + uI, (nﬂb)B + UKy <nﬂb 4 4 u-1 sin BT gqp DTW
2 .2 2 2 2d
mT™ b~ n
1 ' —
I (n“C)B ok, (e, - kK (BF)p, = Bodusl gy OT g, DTW
1 d n 2 2 2 2 d
™ ¢ n
(P, - T, ERE, -k 3, =0, (16)
n']TC ‘ nwe, » - nﬂ___..b =
11 - Kl(_a”)cn Kl( ol )Dn 0 . (17)
COEFFICIENTS

Equations (14-17) may be solved directly. For the purpose at
hand, however, only An i1s needed, Furthermore, for u~1l and c~b,

appropriate approximations will be made using

v = 2B Av = 2T (e-b), (18)
11(9%9) = I, (v) + Av I (v) + *+¢ > (19)
Kl(n—gﬁ) = Ky (v) + Av K (V) + =++ > (20)

and



-5- T™M-465

0428
1 _ 1 ¢-b .o .
=5 0 -257) 4 (21)
c b
The determinant of the coefficients in Egs. (14-17) is
A= @ - - DI R () + L+ BT (R (01 AL+ e (22)
v2 v 1 1 g2 1T vl
Hence
l ] t O
2 #I;(b) uK,(b)
l t 1 ]
Zg uI;(e) uk (ec) - K (e)
d . . i
AA = %§~;§ (0 - 1) s1n~%} sin Q%E-B
0 - Il(b) - Kl(b) 0
which, when approximated gives
a2 nmtb nmw Ny
Al’l = 81T10 E-a‘ K2(—'2—) sin '?' sSin -é-a—- . (Ll - l)(C - b) (24)

MEDIAN PLANE FIELD

On the median plane (¢ = 0) one has

= . 1 nmx .. nmz . (25)
Hy(x,z) = - 2ﬂ10 - 3 Zn Al Il(wa—) sin —3—
Averaging this over z gives
* _ . 2 1 NTX)
<ﬁy(xl>Av = -emly -5 haw A 15T (26)

which, after expanding in x gives
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{H (x)y, = - 271 - 3 A1+ % (%_’Sﬁ + o001, (27)
At x = 0 one has
H_(0) - (- 2mi,) T A
_A_HH,= y sz. 0’ _ n (28)
- ﬂlo 2ﬂ10 a
and
g <E (00> wEa® oA
B T T -ami, éio 3 (29)
NUMERICAL RESULTS
In order to apply to the doubler dipole put
a = 1.1325" = 2,8766 cm b = 2.0" - 375" = 4.1275 cm
c = 2,0" - 375" + .100" = 4,3815 cm d = 1.0" = 2.54 ¢cm
w = .375" = ,9525 cm = 1.001
HO = U5 kG
This gives
a/b = .6969 (c-b)/b = .06154 m™/4d = 5,1051
sin g—‘cfli = .5556 K,(5.1051) = .00470 i, = Hy/2m = 7162 abA/cm
or
Al = 8n7162x.6969x.6969x1.625x.0047x.5556x.001x.254=,0942 abA
An = negligible for n = 3, 5, 7, etc. because of K2(5.1051 n).

Hence



.09U42/45000/2.54 = .82x10"

m

2

6

x .82x10°%/0 = 2.03x10"%/in/1n.
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FIG. 1. GEOMETRICAL ARRANGEMENT OF EXCITATION CURRENT
SHEET AND EDDY CURRENT BANDS.
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