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I. Introduction

Theharmoniccoefficientsof collaredcoil DC0304weremeasuredon January16, 1991
with the241 BNL B2 mole. Thetransferfunction andharmoniccoefficientsderivedfrom
the mole measurementaredescribedin this memo. Comparisonsaremadewith similar
datafor theDC0302and DC0303collaredcoils.Theearth’smagneticfield alongthe axis
of collared coil DC0304 is also examined,mainly as a cross-checkon the mole’s
performance.

Threesetsof measurementswere performedon collaredcoil DC0304.The first set
establishedthemagneticcenterof thecollaredcoil alongits axis.Thesecondset,takenin
pairs of +10 A and -10 A current with the mole positionedat axial positions at 3 inch
increments,were usedto extractthe transferfunction of thecoil as a function of axial
position. Theearth’smagneticfield ateachpositionmayalsobe inferredfrom thesedata.
Thethird set, donewith thecurrentset to zero,measureddirectly theearth’smagneticfield
at eachpositionalongthecoil.

II. Transfer Function

To obtain thetransferfunctionof thecoil at a givenposition,thefollowing equations
areused:

DBe+ T * I 1

DBe+ T * 1 2

In theseequations,thebold-facedquantitiesaremeantto be two-componentvectors,
with horizontaland vertical components.The horizontalcomponentis understoodto be
directedperpendicularto thecoil axis. In otherwords,field componentsalong theaxis of
themagnetareignoredin this analysis.

D1 and D- are the dipole field vectors measuredwith +10 A and -10 A current
respectively.Themagnitudesof thesevectorsaretakenfrom buckingcoil #1 DPBUCK1
in theeventrecord;seeAppendix. Thedipole field anglesareobtainedfrom thephaseof
thedipole signalfrom buckingcoil #11.

Thevectorquantity T is thetransferfunction of the collaredcoil. Of course,only the
magnitudeof the transferfunction "vector" is really of interest. Its angleis only an
indicationofwhich way thecoil is oriented locally with respectto thevertical. This could
comefrom a rotationof theentirecollaredcoil assembly,or from "twist" alongits length,
which shouldbe eliminatedby the yoking process.The scalarquantitiesI and F arethe
currentsin the"+10 A" and "-10A" settings.

Be representstheearth’smagneticfield.

To obtain the transferfunction magnitudeand orientation, it is only necessaryto
subtractthehorizontalandvertical componentsof equations1 and 2. This eliminates
thecontributionoftheearth’sfield:

T = D÷ - - I- 3



The transferfunctionmagnitudefor DC0304is shownin thesecondcolumnof Table
1, asa function of axial positionrelativeto the centerof the magnet. The angleof the
transferfunctionwith respectto thevertical in degreesis shownin the third column. For
thereadingsat 8.542 m, 7.933 m, and7.917 m, a goodportion of themole samplingthe
coil turnaroundfield.

The fourth andfifth columnsof Table I showtheearth’smagneticfield magnitudeand
anglewith respectto thevertical, obtainedby substitutingthe transferfunctionhorizontal
andverticalcomponentsback into equation1.

Thesecondand third columnsof Table 2 show theearth’smagneticfield magnitude
and anglewith respectto thevertical,obtaineddirectly from the0 A data. For thesedata,
thecurrentsupplywasnot turnedoff; rather,thecurrentdemandedfrom the supplywas
set to 0 A. Theremaythereforebe someslight systematicerrorin thesedata.

Figures la and lb show the transferfunction and the field angleas a function of
position. Figure lb looks fairly linear,asif thecoil hasa truetwist along its length which
will presumablybe removedby theyoking process.For thepurposesof thesefigures, the
point at 8.542metershasbeendropped,sinceherethetransferfunction is complicatednear
themagnetend.

Figuresic and id show thetransferfunctions of collaredcoils DC0302and DC0303.
Thesetwo functions were not flat as a function of axial position, but becauseof
carelessnessin thecurrentmeasurementsit was notpossibleto decidewhetherthe "shape"
wasrealor an artifact2.

Figures2a and 2b show the earth’s magneticfield magnitudeand angle from the
vertical extractedfrom the±10 A dataandthe0 A data. In both figurestheopensquares
are the from ±10 A data and the black diamondsarefrom the 0 A data. Other than a
discrepancynearthecenterof thecoil, theagreementseemsquite good for thesetwo data
sets. Thevariationsin theangleandmagnitudeof theearth’sfield alongthe lengthof the
collaredcoil may berelatedto nearbyhon in theindustrial centerbuilding.

III. Harmonic Coefficients

Tables3 and4 give thenormalandskewharmoniccoefficientsaveragedbetween+5 m
and -5 m for collaredcoils DC0302,DC0303,andDC0304. Two numbersaregiven for
eachharmoniccoefficient Thesearetheavengevalueof thecoefficient, andtheratioof
theaveragevalueand thestandarddeviation. Coefficientsfor which this ratio wasless
than 1.5 arenot shownin thetable.

All threecoils havethe samenormal decapoleharmonic. A relatively largenormal
14-poleis presentaswell. The expectednormal22-poleis presentin all threecollared
coils.

The only systematicallyoutstandingskewmomentseemsto be the skew22-pole,but
this effectis not large.



Notes

1This angleis obtainedfrom the dipole phaseangleby addingz12.This it/2 comes
from thefact that themoleeventrecordgivesphasesrelativeto thevertical21t or 0 means
up, and it meansdown. So to translatetheseanglesinto a standardcoordinatesystemin
which 0 meanspositive x direction,m/2 mustbe added.Forexample,

D= DPBUCK1 * cos[PHASE1 + ir/2]

Dt= DPBUCK1 * sinE PHASE1 + m/2], and soon.

For thedefinitionsof DPBUCK1 andPHASE1,seetheAppendixdescribingthemole
eventrecord.

In principle,a small gravity sensorcorrectionshouldbe appliedto thephaseanglesin
the aboveequations.However,thereis still someuncertaintyin how to apply thegravity
sensorcorrectionsto thesedata. The two sensorsdo not give the samereadingat each
point, nor is therea simplesystematicoffset or factorrelationbetweenthetwo sensors.In
the calculationsdonefor this memo,no gravity sensorcorrectionhasbeenmade. The
largestpotentialgravity sensorcorrectionfor thesedatawasabout i/20 ofonedegree.

25 Delchamps,Warm Mole Measurementsof DC0302andDC0303 CollaredCoils,
TS-SSC90-012,December8, 1990.



Table 1. DC0304 Collared Coil Transfer Function and Derived
Earth Magnetic Field

z Transfer Transfer Bearth Bearth
meters Function Function magnitude angle

Tesla/kA angle Qauss degrees
degrees

8.542 0.519 1.8 .594 215.3
7.933 8.051 4.0 .635 219.0
7.323 8.009 3.7 .659 221.5
6.714 8.009 3.3 .664 224.0
6.104 8.009 3.5 .643 223.6
5.494 8.008 3.2 .569 218.2
4.885 8.007 2.8 .543 208.5
4.275 8.012 2.5 .480 201.2
3.666 8.008 2.6 .452 203.8
3.056 8.008 2.7 .439 207.2
2.446 8.006 2.7 .429 210.3
1.837 8.008 2.9 .425 214.9
1.227 8.008 2.4 .447 214.8
0.618 8.007 2.5 .449 217.1
0.008 8.008 2.5 .419 219.0

-0.602 8.008 2.0 .371 210.5
-1.211 8.007 1.8 .309 192.9
-1.821 8.009 1.9 .261 185.1
-2.430 8.007 1.9 .245 196.8
-3.040 8.009 1.8 .221 224.0
-3.650 8.006 1.9 .203 230.9
-4.259 8.007 1.8 .178 214.5
-4.869 8.005 1.5 .169 218.8
-5.478 8.004 1.3 .237 241.3
-6.088 8.009 0.9 .299 248.9
-6.698 8.007 0.5 .295 243.8
-7.307 8.006 -0.2 .315 244.8
-7.917 8.030 -0.8 .290 240.6



Table 2. DC0304 Collared Coil Measurement:
Earth’s Magnetic Field from 0 A Data

z Bearth Bearth
meters magnitude angle

Gauss degrees

8.542 .608 214.5
7.933 .590 224.8
7.323 .618 225.3
6.714 .666 223.9
6.104 .573 228.9
5.494 .563 219.0
4.885 .520 209.7
4.275 .495 201.8
3.666 .423 204.8
3.056 .425 208.6
2.446 .414 212.9
1.837 .431 213.2
1.227 .453 215.2
0.618 .402 221.5
0.008 .329 234.4

-0.602 .357 209.6
-1.211 .308 194.0
-1.821 .258 188.2
-2.430 .254 196.7
-3.040 .209 222.0
-3.650 .183 231.5
-4.259 .194 214.1
-4.869 .138 221.1
-5.478 .220 248.7
-6.088 .268 263.9
-6.698 .284 248.6



Table3. NormalHarmonicCoefficientsfor CollaredCoils
DC0302,DC0303,DC0304 B2 Mole Measurement,±10 A

Coil bl b2 b3 b4 bS b6 b7 b8 b9 blO

DC0302 --- --- --- -1.878 0.253 0.022 0.124
21 16 2.9 38

DC0303 --- 1.298 --- -1.806 0.319 0.014 0.126
1.8 33 13 2.0 27

DC0304 --- --- --- -1.819 0.280 --- --- 0.124
13 17 32

Table 4. SkewHarmonicCoefficientsfor CollaredCoils
DC0302,DC0303,DC0304 B2 Mole Measurement,±10 A

Coil al a2 a3 a4 aS a6 a7 a8 a9 alO

DC0302 --- -- --- --- --- --- --- --- --- .0127
3.2

DC0303 1.326--- --- -.186 --- --- --- --- --- .0197
2.5 1.8 5.3

DC0304 --- --- -.283 --- -.086 --- --- --- 0.183
1.7 1.9 6.3



0C0304 Collared Coil Warm Mole
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DC0305 Collared Coil Warm Mole
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Figure lb. D00304Transfer Function Angle



DC0302 Collared Coil Warm Mole
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Figure lc. D00302Transfer Function



DC0303 Collared Coil Warm Mole
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Figure 1 d. 000303 Transfer Function



DC0304 Collared Coil Warm Mole
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Figure 2a. Earth’s Magnetic Field



DC0304 Collared Coil Warm Mole
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Figure 2b. Earth’s Magnetic Field Angle



Appendix. Mole EventRecord

The "raw datafiles" on thevax from themole processingareactuallyalreadyreduced
from thedatatakenon theHewlettPackardsystem. A singleeventrecordis shownbelow.
Thetwo numbersfollowing "CMAIN:" are thecurrentsin amperesmeasuredbeforeand
afterthethreemolerotationsusedto obtain harmonicdata TheZ - mole positionis given
in feet. This numbermust be convertedinto a position relativeto the centerof the coil
using the centerposition determinedfrom thefirst set of mole data. The two numbers
following "Gravity sensors:"are the readoutsin degreesfrom the two gravity sensors.
The two numbersfollowing "DPBUCK1f’ are the dipole field magnitudein gaussand
phaseanglein radians,respectively.

So in this case,the currentis 10.008A, DPBUCK1 is .4738077Gauss,andthephase
angleofDPBUCKI, refererredto in the text aboveasePHASE1,is 6. 175756radians.

Record number: 1
Winding: 4
Message f4 reply: Buck: 1 & 2 Amplitude Differ - Check: Data/Plots
Time: 11:03:16
CMAIN: 10.008 10.008
CTRIM: 0.271 0.284 0.254 0.000
Z - Mole Position: O.56630006’.02
Gravity sensors: O.1193469E-01 -0.4733498E-01
FACT: -O.3651990E+0O -0.5578408E+00 0.0000000E+00
DPBIJCK1: 0. 4738077E-03 0. 6175756E+01
DPRUCK2: 0. 4844910E-03 0. 6243731E+01

1 0.4738077E-03 0.6175756E+01
2 0.2000933E-05 0.2587999Ei.01
3 0.7427691E-05 0.9584613Ei.00
4 0.1949770E-06 O.1133016E+01
5 0.2540298E-06 0.4515848E.i.0O
6 0.7685996E-07 0.8572701E+0O
7 0.7909537E-07 0.3612185E+0O
8 0.4002348E-07 0.5510721E+0O
9 0.5272890E-08 0.2987416E+0O

10 0.1098126E-07 0.4523352E.0O
11 0.6094208E-08 0.2831575E+00
12 0.3766080E-09 0.1672900E+00
13 0.2527341E-08 0.3728159E+00
14 0.3188675E-08 0.3343918E+00
15 0.1819768E-08 0.7769477E-01
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