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This note describes initial pulsed-field measurements on the main -
ring B2 3-foot magnet model. The measurement setup is shown in Fig. 1,
and the data flow is shown in Fig. 2(a) and (b). Noise on the current
shunt caused an unreliable trigger so instead the integrated voltage
from a fixed coil in the magnet was used for a trigger. This signal goes
into channel 0 and as shown in Fig. 2, whenever the signal on channel 0
passes one of the desired "current' values, two values each of AB, B,
and I (in this case the same as B) values are stored on magnetic tape for
later linear interpolation. Since a time signal proportional to I is not
available, excitation curves cannot be derived from these data.

The procedure insures that from data taken on successive magnet
pulses in different positions a graph of gpatial distribution at a given
current of field value can be produced.

What is measured and plotted in Fig. 3 is K-KO vs X where
K = 1/BO dB/dx, Bo = field at x = 0, x is left-right motion across the
magnet.

The axes of the differential coil are not parallel, and an error in

balance can result from a rotational error in positioning. For this
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reason the k = 0 axis is displaced to ko’ the value of k at x = 0 in pre-
senting the data in Fig. 3.

These data in Fig. 3 were all obtained with the magnet pulsing
from 0 to ~10 kG in a section of the magnet built from a low HC U. S.
Steel. All measurements were taken on the median plane. The results
are in qualitative, but not detailed quantitative agrement with dc mea-
surements taken on the same magnet model but with Armco Steel.

Of course, since the field is integrated in time, the remanent field is
not seen.

Four separate runs were taken and are shown in Fig. 3 from left
to right:

a. dB/dt = 6 kG/sec, "normal" acceleration -

cycle 9 kG in 1.6 sec = 5.6 kG/sec

b. dB/dt doubled to 12 kG/sec

c. '"Vacuum chamber'' inserted dB/dt = 6 kG/sec

d. '"Vacuum chamber" inserted and insulated from steel

dB/dt = 6 kG/sec.

If the low field runs, 500 g and 1 kG, in Fig. 3(a) and @) are com-
pared, it is seen there is an increase in the (negative) sextupole com-
ponent for the higher dB/dt run. On Fig. 3(b) two curves are shown:
one with smaller sextupole component which is a smoothed represen-
tation of the points in Fig. 3(a) and a larger sextupole component obtained

by adding in a calculated amount of sextupole due to eddy currents in the
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copper magnet. These calculations will be described in detail else-
Where2 but basically consist of a double summation over elements of
eddy currents and over a series of image currents in the iron poles
(. = © assumed) due to each current element. The agreement is not
spectacular parily due to a large scatter of points due to noise pickup.

The runs shown in Figs. 3(c) and (d) have 0.049 in. thick type
304 stainless steel plates (measured p < 1.01) ingserted top and bottom
as shown in Fig. 1. Calculations show that the effect on the field shape
over the center +0.5 in. is about the same as from a 'real" vacuum
chamber with sidewalls.

The curves superimposed on the 500 g and 1 kG data of Figs.
3(c) and (d) are

1. the smoothed version of 3(a) and

2. superimposed on it the calculated sextupole component

of 0.44 kG/m>.

The measured sextupole component in Fig. 3(c) when the vacuum -
chamber plates were shorting the magnet laminations is larger than
expected. When the plates are insulated from the magnet poles the
agreement shown in Fig. 3(d) is reasonable.

A smooth curve through the 9 kG points from Fig. 3(a) is traced
onto the 9 kG runs in Fig. 3(b), {c), and (d) showing agreement at a

field level where eddy-current effects are not expected to be important.
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An obvious improvement was to repeat each point 10 times. This
was done and is shown in Figs. 4 and 5.

In Fig. 4: (a) was run without the vacuum chamber and (b) is
with theichamber inserted and insulated from the steel. dB/dt =6kG/sec.
Fig. 4(a) and (b)may be compared to Fig. 3(a) and (d). Although the
magnet had been changed to Bethlehem B1 steel by the time these latter
runs were made, there is still good agreement between them as may be
expected at these low fields.

Figure 5 shows a least-squares fit to the data in Fig. 4 over the
central inch (+1/2 inch from center) of the magnet and a plot of the re-
sultant sextupole component as a function of the field. From Fig. 5 it
is easily seen what portion of the sextupole field is due to the magnet
and/or the vacuum chamber. The sextupole for the vacuum chamber
obtained by subtracting the component due to the magnet agrees with
calculations.

Since this is the first written description of results obtained with
new magnet-field measuring fast-data-acquisition system3 it seems
worthwhile to list dates to give an idea of the time scale needed to de-
velop such a system.

February 1, 1968: Conceptual design started

March 26, 1968: Proposal for a small digital computer for use

in magnetic -field measurements, FN-122. System works essen-

tially as outlined in that note.



May 14, 1968
June 18, 1968

July 9, 1968:

August 26, 1968:

November 30, 1968:

January 15, 1969

March 5, 1969
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Request for proposals sent to vendors
Closing date for proposals
Choice of computer based on
responses to RFP
Contract with Varian signed
Delivery of equipment at NAL
(Promised: 90 days; actual: 96 days)
First dc magnet measurements
obtained

First pulsed magnet measurements
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