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By advancing a Hall probe at a fTx.e·a ra·di'us--i·n·-5 mm steps .. thr:,o���he 
-----

bore of a typical tank 2/3 drift tube quadrupole, curves 1 ike those of 

Figure l were constructed; magnets wer6 energised at currents ranging 

from ·2,5 to 27A. 

Up to about 15A, the effects of saturat�on are not particularly noticeable; 
. 

. 

thereafter, the scarcity of iron in the :overhanging poletip ends becomes 

significant, as does the suppression of the B vs. i curve (Figure 2). 

Under normal cl rcumstances, where ·currents wi 11 be in the range 5 to lOA 

(gradients 1approximately 4 - 8 T/m), saturation does not represent a 

probl;em. �ihere matching requirements have demanded high strengths,at the 

first- two Tank 2 magnets, a carefu·l examination of the implications revealed 
. . 

that the second could just cope both th�rmal ly and magnetically, whilst 

the �irst, a half drift tube quadrupole, required a redesign on both these 

scores· 1

In deciding how best to present effective lengths of quadrupoles, where 

it is conv�ntional to talk in terms of 9radient, k, rather than field, B, 

and also i� terms of strength, k1, (whe�e 1 should be the effective length 

. !� question) the.immediate difficulty is how to extract this parameter from

simple mea\u�ements made without� beam. For this application, it was 

decided tha1t a B-plot is equivalent to a k-plot, axially-speaking, so that 

the effective lengths readily deduced from Figure 1 may simultaneously be 

interpreted as the effective length required for a statement of quadrupole 
strength, 

I 
I I .. 



To Juitify this assumption, a famil( of ~adial field plots - Figure 3 -

at various axial positions was exa~ined for 1 inearity. It can be seen 

that each plot, even in the poleti~ overhang region, is sufficiently 

strai;h~ (certainly over the 'workihg 1 radial plus and minus l cm) to 

warrant the assumption that k is s~atial Ty constant. A measurement of 

8 at cm is therefore also a measure of k out to I cm. 

! . 
2. AXIAL B-PLOTS 

. . 

· rwo simple procedures have been adopted to produce curves like those of 

Figure I. The first, and more elegant, involved the use of a Hal 1 plate 

set in a ]orig cylindrical rod snugl'y fiding the drift-tube bore, and 
! 

al0ays pressed against the inner d~amete~ above the probe by sprung balls 
. ' 

set diame trically opposite this l irle, and on either side of the probe - see 
I 

Figure 4(a). A consistent set of axial field values was collected by 

looki~g for a maximum at each axial position for the 45° azimuth, and a 

minimLi.m for ·the 0° azimuth. It was possjble to adjust the probe position, 

radial:ly, to check that effective (ength~ were not significantly dependent 
: . ; 

on radius .. In the first instance, 'this apparatus was used to measure the 
I 

locati'ons of. magnetic centres 2 in relati:on to the geometric centres of the 

Tanks 2/3 quadrupoles. 

The second method needed no more than · a flat surface on which to mount the 

magneG (eit~er in or out of its drift-tu~e), a rule, and a retort stand 

to ca~ry th~ Hall probe. After ali~nmeni, the probe was advanced through the 

magnet bore as before, and plots recorde9 at various radii, azimuths and 

energi:sing currents. Cooling wate'r flow was always sufficient to allow the 

magnet(s) to reach ·equilibrium quite quickly. Figure 4(b) illustrates the 
I 

proce~ure, which was also used for the radial plots of Figure 3, and to 

measur.e the ·fields in the Tank 4 prototype quadrupole. Figure 5 shows 

the B-:i curve at a radius of I cm and at ithe magnet cen~re, whilst Figure 7 

is . a f '.amily ~f half-axial plots - the Tank 4 quadrupole is longer than . . 
typical Tanks 2/3 quadrupole and the Hall probe mount is not long enough to 

permit a ful ;l scan of the former. An adaptation of the equipment first 
I 

des~ribed wi
1
ll be used to find magnetic centres and effective lengths of 

production Tank 4 quadrupoles. 



i 
I 

CALCULATION OF EFFECTIVE LENGTH 

for each of the axial B-plots, the area under the curve was measured 

with a planimeter and the effective length expressed as:-

= Are"a 
-B-

plateau 

Most of the points in Figure 8 apply to the 5"-long No. 16 quadrupole 

of Tank 2, but some 4.5 11 long half drift tube magnet figures have been 
I 

included. Although there are quadrupoles of five different lengths, 
I ' 

Figure 8 may be expected to apply equally · to them al}, since the 

incremfntal effective length, 6Leff~ has ~een plotted, and this may be 

assume~ to relate to end-effects which ar~ the same for all magnets. 
I : I 

Tank 4 prototype quadrupole results are plotted in Figure6. 

4. RESULTS AND CONCLUSIONS 
l 
I 
' l 

It is concluded that,· for Tanks 2/3 ·quadrupoles, the incremental 
j I 

effective length is a tonstant J .6 6m up to about JOA, then reducing 

~apidli with.current to zero at 28A ) At the operating current of 
' . : 

20 - 22A expected for the redesigned Tank :2 half drift tube quad, it is 

hoped that the increment wi 1 J have fa] len\y 110 more than 30%. 
I . 
l ; 
i I 

; i ! 
To a first approximation, it may be assumed that the effective length 

is not dependent on radius or azimuth, in . the working volume of the 
I 

magnets at least. 
' ' . . 

i 

The data of Figure 2 has been reorganised: in Figure 9 to show the 
' 

percentage departure from the ideal j as saturation is shown up by increasing 
! 

current. This information should b~ useful in beam matc~ing and dynamics 

.computit ions. 
' ! 

Tank 4 \s prototype quadrupole has been powered to 50% higher currents than 
. 

will be required, without evidence qf saturation or variation in effective 

length~ and it is supposed that all ·production models should exhibit tne 
i 

same h'[gh qua! ity. ; 
I 
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