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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Introduction

On May 20, 1981, Ed Cyr and I calibrated (i.e., determiﬁed the area of) 10 coils.
Six of these coils are to be installed in a six coil array to be used for harmonic
measurements of a superconducting magnet Isabelle profotype s;hédﬁ1ed”for measurements
sféffiﬁg August 1, 1981. On May 22nd, we made more accurate determihations of the
relative area of coils 2 through 10 (relative to coil 1 arbitrar%]y selected asithe
standard for comparison). On May 26th, we dgmonstrated the measufemgnt technique to ,

M.I. Green, W.V. Hassenzahl and T. Lauritzen.

Results

Table I summarizes the areas as determined by method 1; May 20th. See_Tést
Plan - MT 295.

Table II shoWs the results of the comparative measurements (method 2 of MT 295)
made on May 22nd and May 26th. For comparison I have included relative areas based
on the absolute (but less accurate) measurements represented by Table I data in
Table II.

Based on these data, we selected coil pairs and spares as shown in Table III.
The choice of which coil of each pair would be selected as the-outer,coi1“was left to
Lauritzen's discretion. Since the outer radius coils are most sensitive to ef?érs
in fabrication, we recommended that coils With loose turhs be posftiohed to the in-

side position. Engineering drawing no. 19M5696 shows the coil Tocations in the array.

Method of Measurements

Method 1: We followed the procedures described in the test plan. For method 1,
we measured magnetic induction over the 45 cm occupied by the coil centerline when in

place. Measurements made both before and after the absolute calibration of the coil

are represented by Figure 1. I numerically integrated these edha]]y spaced data then
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Area Area (rpt.) A Area Dev from Averagévw " Dev of '('rp't.v',
Coil (m?) (m?) (%) (m2) (%) (m2) (%)
1 16.722 _ 0.026 . 0.156-
2 16.682 -0.014 -0.084
3 16.671 16.658 (-0.08%) -0.025 -0.150 -0.038 ‘_-0.023(
4 16.678 -0.018 -0.108
5 . 16.705 .009. 0.054
6  16.693 -0.003 -0.018
7 16.677 120019 -0.114
8 15.706 16.704 (-0‘.01%) 0.010 0.060 . 0.008 0.048
9 16.691 0.005 -0.030
10 16.735 - 16.722 (—0.08%) - 0.039 0.234 0.026 | 0.156
696

AVG 16.

TABLE I Coil Area Summary {(Method 1)
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HIGH PRECISION (RELATIVE AREAS) ~ ABSOLUTE AREA DATA
"REPEAT DEVIATION* USING TABLE I DATA
A Deviation* No. 1T as No. 8 as - ~ Main Data  Repeat Data
Coil No. (%) Ref Ref (%) ' (%) A
2 -0.27 -0.24
3 -0.35 -0.30 - -0.38
4 -0.33 -0.29 -0.26
5 -0.11 -0.10 |
6 -0.20 0.17 T
7 -0.30 -0.27
8 I & (Ref) ~0.10 0.1 "
9 -0.24 -0.21 -0.22 -0.19
10 0.03 0.08 0.00

*Deviation with resbéct to coil no. 1

TABLE I1 Comparative Data With Comparisons to Absolute (Table I) Data
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"Coil: Pair Selected Coils Spare.
A 4 3
B - 5 S10°
C 6 2

TABLE II1 Pair Selection
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divided by 45 cm to determine the average field over the coil volume. - The HP 97
program used for performing the integration is saved in MME.Data Book No. 6308B. -The before
and after (Ca]ibf&tion) determinations of average magnetic inductionagreed to 0.02%.

We calibrated the electronic integrator with a flux standard and determined each
‘coil area based on 1) a known flux linkage from the flux standard, and 2)-a deter- .

mination of BAVG from the NMR data~by solving equation 1.

Vs rs 1/2Ep14p coin o
" nA = T i o (M)

AVG “SLFS
nA = turns area of coil under test (m?)
Vs Fs = flux linkage provided by the SLFS  (Wb)
BAVG = average magnetic induction over the coil Tehgth (T)
EF]ip Coii = output potential of integrator generated by flipping the coil in

known magnetic induction (BAVG) (V)

ESLFS = output potential of integrator generated by a known calibration

signal from the SLFS, i.e., due to ¥g rc (V)

Method 2: The second method described in the test plan is inherently a»more
accurate determination of coil area based on a known area reference coil. In
selecting coil pairs, it is more importdnt that the re]ative areas be known than
the absolute, so we did not require knowledge of the area of the reference coil to
high accuracy.

Method 2 is more accurate than method 1 because 1) there are fewer variables
involved in the calibration, e.g., a‘know1edge of the magnitude of the field is
unimportant, only that it doesn't change over the relatively short time of comparison,
2) only short term reproducibility of both the  magnetic field and the measurement
system gain are needed for method 2; whereas stability over the entire measurement

period is required for method 1.
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An HP 97 program using equations from the test plan (Method 2 - V-D) was used
to determine the relative areas of the coils. This program is listed in MME Book No.

6308B.

Discussion

Based on the few repeats, I estimate that the absolute calibration data is
good to +0.1% as predicted. The high precision data is probably +0.02%.

The determination of areas by Method 1 was facilitated by the outstanding
performance of the LBL/CERN Nuclear Magnetic Resonance Magnetometer. The success

of these NMR systems is largely due to.the effort of Dr. Michael I. Green
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