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Introduction

In order to develop the pole-face designs for the booster
synchrotron, it is necessary to model some of the contours and
measure the field index (K = %3 %g) across the pole face. This
report summarizes the results of the initial program which was
undertaken in order to establish the measuring techniques and

to provide some comparison of measured and calculated field

shapes.

Procedure

To provide the required field, a%dc maghet was obtained
on loan from the University of Chicago. The details of this
magnet are shown in Figure la. The magnet was powered by two
Perkins dc units on loan from Argonne. Each unit was connected
separately to a pair of coils placed symmetrically above and
below the median plane and could provide a maximum of 275

amperes, which corresponded to approximately 6500 gauss.
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The contour was approximated by rectangular strips of
steel of graduated widths so that they could be stacked
side-by-side to form a contour. Such a contour (see Figure
1b) would, of course, consist of small steps but should
nevertheless provide a field that would be to a good first
approximation equivalent to that of a smooth contour of the
same shape. The contour that was measured was that of the
Dl magnetl shown in Figure 2. The calculated2 gradient for

this magnet at 7100 gauss is shown in Figure 3.

The measurements were made using two different types of
field-detecting devices. The first being a Bell 640 Gauss-
meter with a differential probe containing Hall plates. The
quantity measured was B(x2) - B(xl) on the median plane. The
two probes were held rigidly side-by-side so that the distance
between their magnetic centers was constant for all measure-

ments. This distance "a" was (.232 + .005) inches. The normal-

ized gradient is given by

K/Ko = AB(x)/AB(0)

where AB(x) = B(x + %) - B(x- %)
and AB(o) = B(+ %) - B(%) a = .232 inches

The normalized gradient was measured at several different
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values of field. The results of the Hall-plate measurements
are shown in Figure 4. 1Indicated also on this figure are

the acceptable limits of the ratio K/Ko. The data were

averac from two or more runs for each curve and the probes
were rotated 180° for every other run so as to cancel out the
effect of the probes not being completely balanced3. Several
comments should be made concerning these results. The first
is that we did not actually measure the gradient here dB/dx,
but only the field difference between two points .232" apart.
This would tend to introduce considerable error near the
edges of the pole faces where the gradient is changing rapidly
but its effect should be small near the central region. A
second comment is that measurements do not lie within the
accepted limits as well as one might expect. A probable ex-
planation for this is that the measured magnet and the magnet
for which the calculations were made differed in two respects.
Namely, the current distributions and the cross-section of
the magnets are quite different as can be seen by comparing

them in Figures 1 and 2.

Although data were taken in 1000 gauss intervals, only the
data for Bo = 1000, 5000 and the maximum field attainable of
6679 gauss are shown in Figure 4. The ratio K/Ko in the inter-

mediate field ranges are consistent within experimental error
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with a curve lying in between the 1000 and 5000 gauss curves.
Thus, the ratio K/Ko undergoes a slow change in shape between
1000 and 5000 gauss and above 5000 gauss begins to undergo a

more rapid change.

The experimental error in the points used to plot K/Ko
is approximately .25% except in the regions where the gradient
is changing very rapidly. In these areas (primarily near the
extremities) an experimental error of .5 to 1.0% in some cases
is more likely. The data were taken at .2" intervals. The
absolute values of Ko at different field values is shown in
the following table. The theoretical value is -.0750 (inches) T.
An experimental error of 2.5% was determined for Ko. A measure-
ment of Ko was also made using a Rawson rotating coil fluxmeter
at Bo = 6555 g. The precision of this instrument is .1%. The

value obtained for Ko was .0722 * .0020.

THE ABSOLUTE VALUE OF K at X = 0O
DETERMINED BY DATA TAKEN WITH THE BELL GAUSSMETER

Field Gauss AB at X = 0O AB(0)/B(0) Ko (inches)—l

996 16.9 .01694 -(.0728 + .0020)
2006 33.8 .01685 - .0726
2990 50.3 .01684 - .0725
4001 67.3 .01683 -~ .0725
5003 84.0 .01679 - .0724
6004 100.3 .01671 - .0720




TM-86
-5~ 0321

The measurements were also made using a pair of coils
which were connected in opposition. The coils were constructed
so that they would detect the gradient dB/dx4, although they
were not as near perfect in construction as one would like.
They were balanced in a homogeneous field to approximately 5
parts in 104, however, the final turns required for balancing
could not be put on uniformly along a layer. Therefore, this
nonuniformity of the windings would introduce some error in
the gradient which could only be partially compensated for by
rotating the coils and averaging the readings. The gradient
coils were moved across the gap and the voltage integrated
and displayed on a digital voltmeter. The change in field is
proportional to the integrated voltage; therefore, the quantity
K/Ko can be determined without knowing the time constant of
the system or the turn area of the coils since these factors
cancel out. The readings were, of course, corrected for any
linear drift present in the amplifier. With a time constant
of 5 x 1073 sec, the drift could be held as low as .5mv/min.
The results of the gradient coil measurements are compared

with the Bell gaussmeter measurements in Figures 5 and 6 for

the field at 3000 gauss and 6500 gauss, respectively.

It is noted that the agreement between the measurements

using the two different techniques is quite satisfactory.
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except near the edges of the pole faces where the gradient
is changing rapidly. This could be due to the fact that the
coils measured the gradient, whereas the differential hall

probes measured field difference.

Conclusion

The purpose of these measurements was to try to verify
the good-field region predicted by the first calculations
for contours Fl’ F2, Dl' and D2 of the Booster combined func-
tion bending magnets. As it turned out, only the Dl contour
was measured. The results of the measurements were not in
good agreement with the calculations. The results of the
measurements from two different technigues were, however,
consistent with each other. The disagreement between the
calculated and measured values, as was pointed out earlier,
may be due to the different current distributions and magnet

cross-section for the calculated and measured magnets.

Because of this disagreement, the remaining contours
were not measured in the magnet shown in Figure 1. Further-
more, it was decided that it would not be worth the effort
required to calculate the field for the same magnet that was
measured since these calculations would serve no useful pur-

pose other than to verify the measurements.
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On the other hand, the early measurements were extremely
useful for the purpose of perfecting measuring techniques and
debugging equipment. In particular, it became obvious that
even for dc measurements some degree of automation would be
desirable. Accordingly, it was decided to position the probe
with stepping motors. This degree of automation would make
it possible for one person to take a set of measurements. In
addition, it is expected that the computer which has been
acquired by the Main-Ring Modelling and Measuring Section will
be used to record and process data for both dc and ac measure-

ments.
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These calculations were made by S. C. Snowdon. It is
to be emphasized here that the calculations pertain to
the designed magnet (Figure 2). The current distribution
and iron placement were different for the magnet on which

the measurements were made.

Since a standard magnet producing a homogeneous field
was not available, the probes could not be balanced to
better than 1 to 2 gauss. Rotating the probes tends
to average out any error due to incomplete balancing

as shown in the following:

The differential probe records the difference of
the field as seen by probes A and B, or in other
words BA(xl) - BB(XZ)‘ Let o, and og be multiply-
ing factors that apply to probes A and B respectively.
They represent the ratio of the measured to true
field. The probes are coupled so that to first
order &A + oap = 2. Let Rl and R2 represent the
true fields at positions 1 and 2, then:



AB =

ABrot
or AB =
But since O +
then AB =
4, Some Aspects

July, 1954.
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L —uA Rl + aB R2
AB + AB. . _ ap + op R - R
2 2 2 1
Op = 2,
R2 - Rl as required.
of Search Coil Design, L. J. Laslett (LJL-1)
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FIGURE 1

The dc magnet used to measure the D; contour. The laminations were
bolted together using aluminum spacers.

The contour was formed using rectangular strips .025" thick. (The
contour shown here was drawn arbitrarily for pictoral purposes only
and bears only little resemblance to the Dy contour actually con-
structed and measured.)
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FIGURE 2

The cross-section of the designed Dl' D2 magnet
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Figure 3

The theoretical shape of K/Ko for infinite permeability and Bo = 7103 g
is shown superimposed on the D; contour. The slope of the two parallel
lines which indicate the limits of the ratio K/Ko is 1.2% per inch and
are at +.5% for x = o. The inward sloping pole tips at x = 2.4" repre-
sent one of the first contour calculations and this feature was not
incorporated into the later design shown in Figure 2.
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Figure 4

Plots of the measured ratio K/Ko on the median plane at various fields

for the D; contour. I) B = 996 g at x = o, II) B = 5000 g at x = o,
III) B = 6676 g at x = 0. The acceptable limits for the ratio is also

indicated. The measurements were made using a Bell Model 640 gaussmeter.
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Figure 5

Comparison of the measured ratio K/Ko on the median plane for the D;
contour. I) B = 3000 g data taken with the Bell 640 gaussmeter. II)
B = 3000 g at x = 0, data taken with a pair of gradient coils.
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Figure 6

Comparison of the measured ratio K/Ko on the median plane for the D
I) B = 667¢ g at x = o, data taken with the Bell Model 64
6500 g at x = o, data taken with a pair of gradient

contour.
B =

gaussmeter. II)
coils.



