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MEASUREMENTS ON THE SMALL DEFLECTING MAGHET.

SUMMARY : Tests have been made on a small magnet, which show that it is possible

to obtain under d.c. conditions a stray field less than 1 o/o of the main field.
The transition in the median plone from main field to stray field has been effected
in about 1 millimeter. Under pulse conditions the strey field mey be even less.

Current densities of 50 A/mm2 have been realised.

INTRODUCTION.

In accordance with the report on the slow ejection, CERN/PS-59-21, a
small deflecting magnet has been constructed. The required kick strength is 2,5 n
‘rad, equivalent with a flux of about 6000 gauss over 36 cm length of deflector
for protons of 25 GeV. The magnet is intended to be used in pulsed operation.
A peak current of 4800 A is required. Details of the construction are shown in
Fig. 5. The C-shaped magnet is made up of twelve packets of araldited laminations
and housed in a C-ghaped water-cooled aluminium frame. The magnet has a single
turn winding. The conductor (a) facing the beam is clamped onto the aluminium
frame and keeps at the same time the steel packets in place. The current in this
conductor is confined in the mid part, approximately equal to the gap height, by
cutting slits from the sides every 5 mm. The slits form however, no obstruction
for the developed heat to be transferred onto the aluminium frame. The return
conductor (b) has brased onto it cooling fins every 3 cm, which poke through
recesses in the steel packet and transfer the defzeloped. heat through clamped
braided copper strips to the back of the aluminium frame. A back leg conductor (c)
is provided for and intends to compensate for the stray field. The conductors are

insulated from the frame by scotch tape.
The measuring programme involved the cooling condition, the homogeneity
of the magnetic field in the gap and the stray field, under both d.c. and.pulsed

conditions.

PS/687



II. COOLING.

The required Hulse duration is 10 ms. Allowing for rise—-time and tail
of the pulse, an effective pulse duration of 30 ms is assumed. Since the repetition
rate is one »ulse every three scconds, the duty cycle of the magnet is 1 o/o.~
Therefore the same heat is developed'by running the magnet ‘continuously at 10 o/o
of the ﬁeak value, i.e, 480 A. The copper section of either conductors was
10x1 mm2 so that the continuous current density is about 50 A/mm?. It appeared
that the conductor facing the beam is adequately cooled: it became not more than
hand warm., The conductor facing the yoke became about lOOOC, and although this is
not excessive, we will increase the copper section for this conductor to 10 x 2 mm2
and also improve somewhat on the heat transfer at the braided copper. The magnet
has been run aishort'time‘at 1200 A d.c., but some soft soldered joints became
undone (the soft soldering was necessary for casy exchange of theycomponents, but
in the final apulication hard soldering will be applied). In the pulsed operation
the ihstantaneous'temperature rise of the conductors work out as 4500. If the
conductor (b) were made 10 x 2 mm? the ihstantaneous tempéréturelfisé would have
beenbllOC.'Although the system has not been tried out in vacuum, dne éouid be
confident that, with the moderate témperature rises encduhtéred in.air, the cooling

will ‘be satisfactory.

III. MAGHNETIC FIEZLD IN THE GAP.

-

As pointed out in CERN/PS=59m21, 10 o/o fluctuations in the field could
be tolerated; It will be appreciated that this requirement is easily met. However,
in view of the morc stringent conditions ruling the design of the large deflecting
magnet, a brief survey of the field was made with a miniature Hall plate. This
Hall plate was embedded in a ceramic rdd of 2 mm outer diameter so thaf an area
of 7Tx 17 mm2 could be scanned. Over this area the field appeared to be constant
vwithin the mcasuring error, estimated to be 2 o/o. Also noteworthy is that, if

anything, the homogeneity improved while compensating for the stray field.



IV. STRAY FIELD.

a) d.c. conditions. 4 low stray field is required because the device
allows only a few millimeters clearance betwecn the conductor (a) and the circul-
ating bean. A stray field lowcr thon 1 o/o of the field in the gap, everywhere
in the volume occupied by the circulating becam, secms low cnough, because it
would displace or blow-up the beam by an aiount of the order df 0.025 n rad, which
is small compared with the angulor spread of 0.5m rad already present in the
circulating bean. One would intuitively feel that the location and section of
the outer conductor is morc decisive for the stray ficld than the inncr conductor.
The latter extended nearly over the full height of the gap, only space was left
for insulating tape and fitting clearance. The slits of the outer conductor were
cut to leave the centre part slightly larger thon the nominal gap height, with
the intention to reduce the effective current path width in successive

approximations.

We congider first the case that the cffective width of the outer
conductor is too large and that there exists en optimum width. Then, assuming
that the systenm is linear, we moy consider the actunl current distribution as
a super position of the optimum distribution plus a perturbation, the amount of
which we wish to evaluate. Fig. 1 shows how to split the actucl current distrib-
ution. We note that the integrated area of the actual and optimum distribution
have to bc equal, so that the distribution of the perturbation is kmowm. If the
difference of actudl width and optimun width is sioll, we moy approximate the
effect of the perturbation as the megnetic field produced by two parallelvcurrent
threads plus a surface current betwecen thc threads. The threads carry cach a
current A i in the same direction as the actual current, and are spaced by the
height of the gap. The current sheet carrics in total a current of 2 .Zli in

the ooposite dircction.

Fig. 2 shows the field plot in the median plenc, as it would be without
iron. The influence of the perturbing current shoct is cverywhere larger than
that of the two perturbing wires, so that the stray field has the sign of the

current sheet i.e. if the outer conductor is wider than the optimum width, the
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stroy field has the same dircction as the main field and visa versa. The presence
of the iron yoke modifics the stray field picture somewhat., Noting that iron
behaves as a mirror, the possible amplification amounts to a factor of two at

the most. However, at infinitunm the iron docs nothing and also at the origin

wherc the mirror cffect is swmnllest. From the preceding we infer that the accuracy
with which thc conductor can be nade and positioned relative to the nacnetic

circuit is a mecasure for this typc of stray ficld:

a¥:| Aa
(g;{) ~ o (1)
int

Assuming that a mechanical accuracy of 0.1 mm can be maintained, the aim of a

1 o/o stray ficld is just about possible.

The low currcnt (500 4) d.c. measurcients confirmed the above assumptions.
In Fig. 3 is shown the stray ficld (in the nedian plenc) for three values of 2a 3
10.5 ;3 9.5 and 8.5 mm. W e note that in the latter case the slits are cut too
deep and that the optimum value of 2a nust be about 8.8 rm. This is appreciably
less than the gap height of 10 mm so thet apparently therc is a considerable

by-pass of currcnt betwecn the slits.

We consider now the cffect of the componsafing wire (c). If the wire
is put parallel to the inncr conductor its overall cffect is the field produced
by the current in the wire plus o current sheet located at the outer conductor,
and visa versa., In either case the field of the wire alone, in the plane under
consideration, con be neglected when comparcd with the field produced by the
current_sheot alone. The direction of the current in the latter coincides with
the direetion of the main current in situ. The corrcction thus produced is more
penetrating than the correction obtained by 2djusting the depth to which the
slits are cut, because the effect is identical to the top curve ovaig. 2. Also

here we find easily:

Ll Al
()
mnax

This result was verified cxpcrimentally.
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b) pulsed conditions. It may be expected that under pulsed conditions

the aspect of the stray ficld changes appreciably. Nevertheless one may state
that if the stray field is low under d.c. operation, it will be lower under
pulsed operation, becausc the nmetallic housing screens off time varying fields
to the cutside. However, onc ghould not use a heavy shielding indiscriminately,
because a large d.c. stray field is a sure sign of inhomogeneous main field,

moreover precious millimeters would be lost.

The current shape which could be realised with the present equipment is
shown in Fig. (4&) i.c. peak current 3150 A to be reached 60 ms after switching
on and total pulsc duration including tail of 210 ms. The Hall voltage produced
in the oscilloscope was roughly identical in shape with the current as shown on
Fig, (4a), in so far as thc mcasurement was donc for 2a = 10.5 and 9.5 mm
respectively. Also the peak valuc of the flux density vs distance followed
reasonably close the measured flux under d.c. conditions as shown in Fig. (3).
But with 2a = 8.5 mm the influence of the screening was better detectable. A
typical shope of the Hall voltage is shown for a position close to the copper
conductor, Fig. (4b), and at a distance of 5 mm, Fig. (4¢). The lorgest value
of the flux ever wmeasured was in this case 7 gauss i.e. 0.2 o/o of the main field.
However, the accuracy should not be estimated too high because of other disturbing

effects.

Compensation with the back leg wire worked out favourably for 2a = 9.5 mms
for distances over 2 mm the largest flux ever measured was also 0.2 o/o of the

main ficld.

Under actual pulsed conditions of 10 ms duration, the picture may change
again. The experimental eguipment is for the time being not available. However,
the 1 o/o aim for the stray ficld is in all probability not too severe for

practical rcalisation.
E. Braunersreuther

F, Xricnen

/fv

PS/687



- o "
Erjtit
1 v et
' 255 T
FHl i .
: L k o
+ 4 4ot IEE L
T 1 a :
,_ w w .
4 gried SR BN )
sa ! . .
[S=sd ; tu‘t..
t ¥ Lo :
i ¥
3t T 1 : -
B sun ma !
s e 1 :
i e b "
T z m
T s
SEGESES |
e
o
1
T
[
1
1
88 °y g
T TeRT -
B g
T t
"y angeas "
R
i

t i HH
T
+ [ i1
+ +t
nae. B T 3 Hi
Hhages e $3548
ot
H i it : vm,
; hart
=
i 1
: B Ty
T 2N 95 prEn: + T FB By
dER ; HHEE

SIS. R59/420

FK1y. lf/a’/a’j



_SIS.R59/421

NS S
o < »
i b
BES ;
s I
aun £6
1
1
1
§ ;
1
1
R 8
-
ens
Saw
Y
¥  §
|
e e
* I
1 t
- 3 T
i gy
b
-+ +
4
=g
1% i i
! TR

FK 23.



1L2/654 "SIS

T TT f 1 1 HH
1 T |
] : { HE T HT
i ! I I
= ! T
P R 1 T
t
i .
S N N i T Fr I g R
H
H = 1 T 1
[T s Easaw
i 1
! ! ]
1

1T

T

;

i oam

T
LT

1

I

g
-

T g Sessss
{58 S >
. H
P H
8 IC 8 Y 5 5 = [y
B i
H HH

wa)

H
1
T
1
1
i
>
d
:
1
1
t
T
-
i

{h Sns:
SSbuas it

- ——_ v}
i ol Lm. L ! .
r [T TR T
. s AnEn SSERpEEN
EPES ov 4 ¥
uy |
1
A T
b ¢ - T
! 1T
= } f:
HHH 5 g !
H
| i
;
¥
P » ” [ il
o 31 fif:
" R i
BES ifage gan - N RES
puinimalimiini b i i
] m N LA ]

I
T
T
1
1
!
peassy
1t
=

A
I
~+
I
T
!
T

T

T

I




