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CAI,CUT,ATION OF EDDY CI]RRENT ffi'FECTS IN Ti{E VACUUM

CHAMBERS 0F rrrE BoOSTER SyNqEQIBgN

QUADRUPOI,E AND SENDTNG MAGNETS

1. SUIUMARY

The nagnetic field and field grad.ient distorsions due to eddy currents in
rectangular and elliptic vacuum cha^nbers of the Booster Slmchrotron bend.ing

nagnets and in a cirbùlar cha^nber of the quad.rupgle lenses have been computed.,

the field distorsion in the bending magnet at,a,main field rise of 7 $
mzs

7 kG in 100 ns - correspond,ing to half of the actrral PS energSr gain, is important:

The rnaxinum relative field. error at injection would for a 2 nrn stainless steel
rectangular or elliptic vacrum 

"tortur amount to - 0rB o/oo.

. The" situation j-n the qr-radrupole fbnses is more convenient : The first ord"er

eddy cu:rent fieLd is an id.eal'qr.ladrupôfâr fiefa. The higher order tezms, due

to the imaged. eddy currenb g"ive a relative ggad.ient erïor at injection of less
.i.

than -2 o/oo, this at 8A o/o of the aperture.'i:

Ïn order to reduce or compensate the ms.grle-tic fiel-d errors, the nain fie1d.

ris'e tiùe should be increased. beyond 600 ms,' Shôuld this for other reasons not

be possible, ceramic vacurm chambers or ed.d.y current compensating d.,c, winttings

cou1d. be placed on the bending nagnet elliptic or rectangular vacuum cha^ubers,

reaucing the effective gap by 5 ,., 10 nn. 
\'
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2. EFFECT OF C]RCULAR VACUUM CHAMBER EDDT CURP.SIfT'S IN T}ts BOOSTER

QUADRUPOTE LTNSES.

coordinates :

14le assume a circrrlar vacuuù cha:nber of radius "(*), waLL ttricl<:ess e (*)
and conductivity * (O-1 *-1; pt."ed. in an id"eal- quadrupolar field" Bu(r)rg.r
t*hl. The field. rises liræarly in time, "o ffil= const.

Applying in acccndance v'rj-th Fi€. 1 Ma:mellrs eqution in cylind-ric

-+rot E = rot Bo->
E
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and. taking into account that only the Br - magnetic field, eomponent contribu-
tes to t]æ creati-on cf edd-y currents in the chamber, - see Fig. 1b :

a&
ôç

sin2ç (z)pe
at

Lr
'i;'::":inu ed-d,y cr.rrrent d.ensity is then :

i:dBo
:rrffffi(q)=rr*,ËP /"*edq=

o

2q 3)2

with

and. the ed.d.y current :

M_ æô dBo
ffi

After some computation one obtains (t )

b=-*P:
and fbr the grad-ient :

aBv
4=-

2-^
r (ç) = i(q).ô rdç = + æ o ffi cos 2e d.<p

This current virill in accord.ance with FLg, 2 create a magnetic field" By:
' :-1. :

1l: Bv=l-*F (IguÊE-")*glega.p ... (l)u J " Tz+x._2rx cos 2g
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which corresponds to an ideal quadrupolar field opposed to the lens maj-n field.

Introducing the following numerical values = Zr5 ft trrs kG in
100 ns), ô = 0,004,,, * = t0f6(n -t r -1 (st"inreslt"t"e1) one finds :

8o.= r,5 -1o-r#r C)", =#=ljji-

2

We u:ill now calcuLate the influence of the imaged eddy current terms. To

do this, we use the confor.mal transformatlon :

w;u+iv= 12=(r+rylz (g)

yielding
22u=x -y

v=2xy

(ro;

(u;

Fig. 2 shows the inaged, eddy current density distribution in the w-plane
along a half circle :

,r2+(z.ro-rr)2 =pz . r......,qr..... (rz;

In accordance with Fig. 5a one obtains for the coordinates of the imaged
cwrent in point Pi (urv)

u=x,2-y,2*p"or,l, $)
(r+)v ='2et yt = 2vo - p sinlt

From eq. !3 and 14 the comespontling real plane coordinates xt , rt of the
luoged" ecld.y current part can be fOund for different values of lr (o<É<90o),

Fig. 3l shows the obtained location of the lnraged ed.cly currents in the original
x-y plane. fn orcler to evaluate the co-rresponding gradient error, the original
eddy current will be quantized and assumed. concentrated in three points corres-;l.i' i
ponding 1o g1 = 7r5o (for the curuent between 0o. g.l5o) gZ= 22,50 (for l5o<
9<500) and to cyj = 37,50 (for 50o< g . 45o).
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I The axûount of these currents'co"ï] be calculated. frora equation (4) 3

$r

l

ô8", 4IPo f
s= p =;TF. [t*-t) (-1)k"o"[ (tx-21çç- l,*"1#)' .(#-o

rq
I

4 -ô Jga- cqs2ed"ç2dt
i...

2

9rr

T2
.iî 

-. .. -:.:":-4
rô ffi9:f r1"1*,.'- sin2er r ) t

Introducing the former numerical values one obtains the following values

for the quantized. inaged currents ,'I"n- =:|rLZA - located at yt =3p6 enrxt =

6,0 cm -, Ig2=2t28ll - locatua of U,Ï 3r!J cm, i''= 5 r? cm, and IO =-OrB5 A -

. loeated 
"11 .{t. = ?.r7..cn, xr = {li,gm ;

These currents result in field. gradients, which can in accordance with

.Fig. 4 be calculated frorn equ.etion (16) [ 2]

(15)

(e)
'l-_4

In our 'câser' intrbducing trr.. . ,ry
error at injection and at xo = 0r8. r (

(*) =-1r7lqtb {.nj

one obtains for t}re relative grad"ient

BO o/o aperture) :

xo=orBr

This is a. smalL.error which can be toleï.àteà in the booster quadrupole

lenses. No special vacuum charaber eddy current compensation is tirus required'

2
:. .:,.. 1r - l .i

ETIECT OF RECTANGUI,A,R OR ETLIPTIC VACWM CHA}tsER EDDY CURRENTS IN BENDTNG

gagugg"

1,i.) Rectangular Vacurm Chambqr.

Fig. 5

conductivity æ (

...r i i-

'. ; i :
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linearl-y in ti-me, r"#th) = const, The vacurru chanper is placed. in the
gap of a wind.<rim frame magnet ivith tlre upper and- loiver wa1ls on the i-ron
surfaces.

To find. the ed.d.y current field. ôistæsion for this casef only, the curyents
in the top and. bott,cn horizontal charrber parts have to be consid-ered.; in the
vertical walls a constant curuent r,vill flow creating at any instant an

opposite signruniform magnetic field in the gap, thus red-ucing the amount

but not distwbing the field homogeneity in the gap.

Applying again ltlia:cwellrs equatiufi, norrr in Cartesian coord.inates and.

putting the cond.ition X t*,",= 0, a linear ed"d.y current ôistribution in the
chanrber horizontal parts is obtained. :

ï(x)=-ôc#u".("#) tal (17)

The magnetic field lg--(x-) due to this eddy current and its images -y'p'
see Fig. 5 - is given by :

k xs 
d.B
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o

d-x

(2n+1)znz+(*o-x12
aBy
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v
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(
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i...
l

ta,

(1e)

The naximum effect is obtained in the gap center fnr *n=# ,

k
AB (x = *g)= - 3e-rl #

v 'p 4', $
"max [.l )xo *z( zn+1 ) .h'tan-'U#;îTn (zo)

11=O

The nininum effect 1s obtained. for x- = 0r ôr x_= xo (corners) :pp

dB
2ppôr p

F.'*- F u^@1Ét'{#*':
(zn+1)t.h'

)(

k
\--r

t*:
n={J
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Introd.ucing numerical valueÉ fcu' the proposed. Booster Synchrotron

d.B Vbenùing magnets , # = 7 tr or 7 t<G in 100 ms i

h=3.1O-2*, 6 = 2,.10:Jmrr,,æ = tO6 Q
-1 -1

m 8115=0115 g$*or 1500 e one obtajns

for (Ab)r"* = - t, 17,1a-3

(gfo ) = :-i-:u-n-3
\Binj/nax orl1

Vs

æ
lÉ =*7r7 7,

and (lry) . = - L;+j. 1o-5 :gB:
ml_n m-

(b
\Brtrj

I =_o,3/_
mr_n

the AK
n.
"anJ

= f (xp) d-iagra.un is shovyn on Fig. 6,

3.iL) Elliptic vacuum chamber

Fj,9. 7 shovus an elliptic vacuun chamber of constant wall thick-
ness ô (n), 'To 'calculate the ed.d.3r current effect for ttrls configuration
a concentratcd. cr,rrent I" will be supposed. ftrr ev€ry vacuum chamber element
of length Ax and of effective (vertical) and. variable ttriclcress ô (x) :

r(x) = - Ë, Ax . r . x . ô(x) [n] (zz)

The magnetic field" An'(xn) in point xp is then given by :

-x

aaa

aat (zt)AB
v )=

xp.oo

TiT x I
ir l(znn-y) ("p-*)

-X11 n=1
, : . ;,

The rnaximum field ,error is agai_n obtained. in the center

xy1r
)l-)

l

(*n=o) :

I
J

æ.
r-'
/--J
n=1
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Ïntrod-ucir€ the numerical values fæ r(x) and ô (x) in acc,rdance
with Fig. Ba, and the sa^re values for h, s, # *U Bin; as on page 6
one obtains :

AB., = - I ,16.1 -? tr /na \

",,ax o'(#)t (ff"i/_** = - 7,7 lo

or" = 5.1n-4 r$l , (9") = 3,3/*
mr_n

and"

Th" Agg = r(*p) diagram is shor,.m on Fig. g.
sinj

The above field. errors are ttro high - they are probably excessive
even at a 600 ms - rlse tine - and. should- be compensateô. The most efficient
compenÉration consists in placing ad.equately insulated., cl.c. carrying c<.rn-

ductors along the rectangular -nd. elliptic chambers, The compens ating
ourrents could, have a distribution sh,wn on Fig" D and.7.

An interesting possibility for red.ucing the field. error d.ue to
ed'd'y cwrents in an elliptic chamber nay consist in naking the latter with
variable wall thiclcress. A line curent d.ensity ï4 (*) i" accord.ance with
Fig. 9 ,

= C<lIlS t . coso I
rt

(25)
1- cos2g r'

would' give an id.eal d.ipole field. in an i-ron free space or for a configura-
tion with iron placed imnedlately around the eurrent sheet lsrtrJ. rf in
our configuratiorr the pr<rjected. (vertical) tnicicness follows the right
hand" side of eq, (zs) 

" dipole field. is obtained for the main, not imaged
term. The imaged. term compensatiun cr.iuld., far example, be found- by
analogue plate m<id-el- measurenents. As a practical example 1et us csnsid"er
an elliptic vacui:m chamber with a rexinn:.n vertical thicla:ess of ô =-z a -- max
5,1O'Jm; at gt = 80o, ûne w<luld. obtai_n ôUUo = ôrirr= 3rg.10-4*, as the
chamber eannut be mad-e with a final thicimess ô = o. The error d.ue to this
approximation could" easily be corrected. by small current carrying strips
in accord.ance v,rith I'ig. 9. For 2a = Ar1\ mr2b = 0106 m an6 $f = Z $! tn"
correeti-ng d..c. current would amount to l"ur"= j5 nA..
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