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Hall probe measurementsof 4[B2+B2J and B have been made at 30 degree
incrementsin azimuthal anglejust outsidethe stainlesssteelend can outer radius =

7.937cm at thenon-leadendof shortSSC 1 m modeldipole magnetDS0309. Readings
weretaken0, 5, 10, 15,20, and25 cmfrom theyokedportionof thecoil. All of thesedata
weretakenfollowing cold-testingof themagnetin Lab 2, during which themagnetwas
excitedto currentsabove6000A.

Figure la shows how the measurmentswere done. A tapemeasurewasplaced
aroundtheinneredgeof themagnetshell, andthelinearvaluescorrespondingto various
azimuthalangleswerecalculated. A pieceof string couldbe stretchedacrossthe shell
apertureat theapproriatetapemeasurevaluesfor eachazimuthalangle.

The coordinatesystemchosenhasthe x axis pointing horizontallyto theright when
looking from the non-leadend of the magnettoward the leadend. The y axis points
vertically up. Themagnetwaspositionedazimuthallysothat this would correspondto the
verticalsymmetryaxis of thecoil package.Thez coordinatewasdefinedto be thedistance
from theyokedportion of themagnet,with z value increasingtowardthenon-leadendof
the magnet.SeeFigure lb.

An aluminumtubewasplacedat thedesiredazimuthalpositionsothat its endsabutted
againstthemagnetyoke andthestretchedstring, andso that it ran alongtheedgeof theend
can.A Hall probe was insertedin the aluminum tube andpositionedat the desiredz
coordinatethenon-sensitiveportion of theprobehadbeenmarkedoff previouslywith
marksthatcouldbe readat theendof thealuminumtubevisible to themeasurer.

Theazimuthalresolutionobtainedwith this techniquewas about± 5 degrees,andthez
resolutionwasabout± .2 cm1.

Theprobewasrotatedinsidethealuminumtubeuntil amaximalreadingwasobtained.
That reading was recordedas i[B2÷B2]. The probewas also rotateduntil it was
sensitive to the field along the y axis a lessprecisemeasurementdependingon the
measurer’ssenseof holdingtheprobe’sbroadersurfacehorizontallywithin thetube,and
this readingwasrecordedasB.

Table 1 gives the field magnitudeat r = 7.94 cm at variousazimuthalanglesand
distancesz coordinatevaluesfrom the endof theyoke. Only datatakenat z valuesup to
15 cm areshownin Table1, sincebeyondthis valuethefield from thecoils is comparable
to theearth’sfield andtheremnantfield of theyoke.

Table2 comparesthefield magnitudeat 90 degreesazimuthfor 10 A and 0 A. Some
yokeremnantfield is seenat 0 A. Theremnantfield seemsto haveamaximumnearz = 7
cm.

* would like to thank Butch Bianchi and Dean Validis of the Fermilab Magnet
Test Facility for their help with these measurements.



Figures2a - 2d showthefield magnitudeat r = 7.94 cm asa function of azimuthal
angleat four differentdistancesfrom thenon-leadendyoke. Somesharpvariationsin field
with azimuthareseen,in particularfor z =0 cm at 0 and 180 degreesazimuth.2

Figure3 showsthemagneticfield magnitudeasa functionof positionat 90 degrees
for 10 A and 0 A current.

Figure 4 showsthe field magnitudevs. azimuthalangleat z = 5 cm, scaledup to
representthefield at 7000A magnetcurrent. It is seenthat thefield strengthoutsidethe
endcanwill not be muchmorethanoneTeslawhenthemagnetis operatingatfull field.



Table 1. MagneticField Magnitude kBx2+ By2 Gauss
at Various Distancesfrom End of Yoked Section

Angle degrees 0 cm 5 cm 10 cm 15 cm

0 8.4 6.4 5.7 2.8

30 1.8 7.2 6.0 2.8

60 2.8 10.2 7. 9 3.3

90 2.7 11.1 8.2 3.3

120 2.7 10.5 7.9 3.3

150 1.8 7.3 6.1 2.7

180 9.6 6.2 5.6 2.7

210 1.9 9.0 6.5 2.5

240 2.7 10.6 9.3 3.5

270 2.5 11.9 8.8 3.6

300 2.0 10.5 7.9 3.2

330 2.0 8.4 6.5 2.6

Table 2. MagneticField MagnitudeIBx2+ By2 Gauss
at Various Distancesfrom End of Yoked Section

Comparing 10 A and 0 A at 90 degrees

0.0 cm 2.5 cm 5.0 cm 7.5 cm 10.0cm 12.5 cm 15.0cm

1OA 2.6 8.5 10.9 10.6 8.3 5.7 3.3

OA 0.8 0.5 1.0 1.3 0.8 0.5 0.4



Notes

1. Error Analysis: Therandomstring positioningerrorwasabout±.2 cm, and the
innercircumferenceof themagnetshell was 83 ± .5 cm. The± .5 cmrepresentspossible
systematicerror in settingup thetapemeasure.Theangularresolutiondue to thestring
techniquealonewas therefore

.2 cm * 360 degreesI 83 cm = .87 degrees combinedwith a possible

systematicerrorfrom the initial tapemeasuresetupof

.5 cm * 360 degrees/ 83 cm = 2.17 degrees

Probablya moresignificantsourceofrandomerror wasthedifficulty ofpositioningthe
aluminumtubeat a given azimuthalangle. To do this, thehidden endof thetubewas
forcedto be perpendicularto theyoke surface,andthetubewasthenbroughtup againstthe
endcan andtapedinto place,making surethat theexposedendof thetubewascenteredon
thestring markingtheazimuthalangle. All of theseerrorsareof comparablesize,anda
reasonableestimateof random+ systematicerror is ± 5 degrees.

The z resolution dependedon the accuracyof the markson the Hall probe and the
repeatabilityof positioningtheprobeat a givenz. Two setsofmeasurementsat 90 degrees
azimuth, taken many hours apart, and therefore with different settings-upof the
string/aluminumtubearrangementgive the following results:

1 2.7, 11.0, 8.3, 3.3, 0.0 Gauss
readingstakenat 0, 5, 10, 15, 20 cm respectively

2 2.7, 11.1, 8.2, 3.3, 0.1 Gauss

2. For the nth harmonicof a "two-dimensional"field which can be representedfor
exampleby the complexfield mx + By, no azimuthaldependenceis expectedfor the
quantity J[B2+B2] outsidethe currentwindlings. This is becausethenth harmonichas
thebehavior

1 / x + iy"1 e.g., thedipole falls off like hr2and so themagnitudeof

this quantity is just hrn+1 However,some azimuthaldependenceof could
resultif therearenon-negligablecontributionsfrom theremnantfield oftheyoke andfrom
thecurrentin the coil ends,neitherof which areexpectedto be "two-dimensional." The
largespikes in thez = 0 cmdataaremostlikely due to a yoke effect, while themoregentle
variationswith azimuthfor z = 5, 10, and 15 cm areprobablydue to thecoil ends.
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DS0309Hall Probe Measurement
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Figure 2a. Magnetic Field Magnitude 0 cm from Yoke



DS0309 Hall Probe Measurement
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Figure 2b. Magnetic Field Magnitude 5 cm from Yoke
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DS0309 Hall Probe Measurement
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Figure 2c. Magnetic Field Magnitude 10 cm from Yoke
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Figure 2d. Magnetic Field Magnitude 15cm from Yoke
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Figure 3. Magnetic Field Magnitude at 90 degrees
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Figure 4. Magnetic Field Magnitude at 5 cm from Yoke, Scaled to 7000 A
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