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Warmharmonicmeasurementshavebeenperformedon collaredSSC 17 m Dipolecoils
DC0302 and DC0303. The measurementswere performedin the Industrial Center
Building by Fermilaband SSCpersonnel,using the BNL 24" mole, a 40-mmtangential
probewith two 4-tum dipole bucking coils. DC0302and DC0303 weremeasuredon
October9, 1990andDecember4, 1990respectively.

Harmonicsmeasurmentswere made at 26 points 20 inch incrementsalong the
magnet.Data were taken at +10 A and -10 A current. The analysisprogram
MULTI_PROCESSautomaticallysubtractsthedatafor thetwo currentsignsto removethe
effectof theearth’sfield. However,nearbyiron mayperturbthesemeasurementssincethe
collaredcoil is unshielded.Datawerealsotakenat 0 A, but thesedataarenotconsidered
in this report.

Tablesla and lb and Figures la and lb show the transfer function for each
magnetasafunctionof z-position. To obtainthesevalues,I haveaveragedthe+10 A and
-10A datafor eachz-position,to eliminatethecontributionfrom theearth’sfield.

Figures2a and2b show the normalharmonicsfor DC0302and DC0303 averaged
over theentirelengthof thecoil. The"errorbars" representtheroot meansquaredspread
of valuesin eachharmonic along the coil. Both coils havea fairly large,flat decapole
momentof about-2 units. DC0303showsmoreavengesextupolemomentthanDC0302.
In Tables2a and2b arefoundthenumericalvaluesof thesecoefficients,aswell asthe
skewcoefficients. Note the ratherlargeskewquadrupolecoefficientofDC0303.

Figures3a and3b show thenormal sextupolecoefficient for DC0302and DC0303
as a functionof positionalongthe coil. DC0302hasa largedip at +3 meters.

Finally, Figures4a and4b show thedipole field rotation anglefrom theverticalas
sensedby the mole’s gravity sensor. It is seenthat DC0302hasa pronounced"twist"
alongits length. DC0303 is betterbehaved,exceptfor aratherstrangebehaviornearz =

+7 meters.

For more detailed information on harmonicsfrom thesecoils, additional plots,
numericalvaluesof plottedquantities,etc.,pleasecontactmeSteveDelchamps,at x2416,
or look in theDCO seriesmole datanotebookin my office.



Table la. DC0302 Transfer Function

z-position Cm Transfer Function gauss/Amp

8.09 6.649
7.48 8.001
6.88 7.995
6.27 8.002
5.66 8.001
5.05 8.002
4.44 8.005
3.83 8.003
3.22 8.001
2.61 8.000
2.00 7.996
1.39 7.998
0.78 7.997
0.17 7.999

-0.44 7.998
-1.05 7.996
-1.66 7.996
-2.27 7.997
-2.88 8.000
-3.49 8.001
-4.10 8.002
-4.71 7.997
-5.32 7.999
-5.93 7.998
-6.54 8.000
-7.15 7.999
-7.76 8.013
-8.36 2.725



Table lb. DC0303 Transfer Function

z-position m Transfer Function gauss/Amp

8.15 5.225
7.54 8.019
6.93 8.016
6.32 8.019
5.71 8.021
5.10 8.019
4.49 8.018
3.88 8.019
3.27 8.015
2.66 8.015
2.05 8.014
1.44 8.014
0.83 8.017
0.22 8.016

-0.39 8.019
-1.00 8.017
-1.60 8.016
-2.21 8.015
-2.82 8.011
-3.43 8.006
-4.04 8.008
-4.65 8.006
-5.26 8.008
-5.87 8.008
-6.48 8.008
-7.09 8.009
-7.70 8.012
-8.31 4.291
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Figure 1 a. DC0302Transfer Function vs. Position



DC0303 Transfer Function
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Figure lb. DC0303 Transfer Function vs. Position



Table2a. DC0302HarmonicCoefficients
Averagedover theCoil

Harmonicno. <An> <Rn>

1 0.2699 -0.0266
2 0.1898 -0.5486
3 -0.0429 -0.0157
4 -0.0901 -1.9043
5 -0.0162 -0.0066
6 0.0063 0.2497
7 -0.0086 0.0004
8 0.0007 0.0235
9 -0.0009 0.0000
10 0.0127 0.1250
11 -0.0019 0.0007

Table2b. DC0303HarmonicCoefficients
Averagedover theCoil

Harmonicno. <An> <En>

1 1.3392 0.3794
2 -0.0037 1.4846
3 0.0801 0.0004
4 -0.2163 -1.7930
5 -0.0296 0.0068
6 0.0100 0.3246
7 -0.0014 -0.0029
8 -0.0068 -0.0143
9 -0.0002 0.0000
10 0.0192 0.1248
11 -0.0006 0.0034
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