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Direct Calculation of Magnetic Field from The
MeasuredStrand Positions

The behaviorof the magneticfield componentsin SSC magnetshavenot been
completelyunderstood.The comparisonbetweenthe strandpositions in the cuC
up of the magnetandthe measuredmagneticfield is expectedto give agood study
on the field behavior. This note describesthe calculationmethod of harmonic
componentsfrom the measuredstrandpositions.

Field Expression

It is convenient to use complex coordinatà systemto handle 2-dimensional
magneticfield, in which the position x, y is representedby:

z=z+iy 1

The magneticfield vector in this coordinatesystemis alsoexpressedas

2

The definition of harmonic componentsin our familiar notation

B + iB = B0 Lb + iax + jyY’ 3

is representedas
jff*

= L C±" 4
71=0 P

where,

iC=2a+ib71 5
fLo

andp is thenormalizationradius. We use1cm for it i.e. p = 0.01 in MKSA unit.
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Single Filament Field

The magneticfield for current I at the origin gives

116=_i-, 14=0 6
2n

therefore

H- H-
Ix

7
2irx2+y2 " 21rx2+y2

Then the complexnotation becomes,

jff*z_ Ix-iy =j_ 8
- 27rx2+y2 2irz

By shifting origin, the field at 20 whenthe current is at z is

iHzo
= 21rzo- z

9

When a current is placed in a circular hole of iron with infinite permeability,
the field in the iron free spaceis equivalent to the superpositionof the current
producedfield and mirror image producedfield. Since the mirror image of the
current is createdat the position z’ wherezz’ = .112. The imagefield is

2ir[z - C]
10

then the total field becomes

iHzo
= 2ir 2o z

+
zo

11

Multipole Expansion

The Taylor expansionof this equationgives,

jff*z = i- [_u1+1 + 2fl+1]f 12

With the scaling at normalizationradius,

jH*z =
_

L["’ +
n+1]y 13
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Comparisonof this equationwith equation4, one can find

C71
= .J_..[çZ_71+1

+ _f....n+1] 14
2irp p pR2

When there are many strands6024 strands in SSC dipole magnets,harmonic
componentsare the sum of the contributions from strand current. The total
harmonic componentis given by

= _f_{!-&.+1 + "÷1} 15

where Ik and zj. are the current and position of the kth strand. In our normal
notation using b71 and a,

=
+ Z

16

= Im[H_h1+1 + -fr"’i 17

Computer Program

Since we use [T] for field, [cm] for length, [leA] for current and 1cm for the
normalizationradius,equation15 is rewritten as:

b71 +ia$Bo = + t+1] 18

This is simpleenoughto calculatefrom the measuredstrandpositions. To keep
the accuracy of calculation, it is recommendedto use repeatedmultiplications
instead of using logarithmic conversion. The specific part of the program is
codedas follows. The accuracyof the calculationcan be testedby the error in the
asymmetricterms. It produced10_20 unit of asymmetricterms. Thereforethis
calculationshould be good enoughto the accuracyof the position measurement.
The assumptionof the circular bore of the iron may be the limitation.
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subroutine cal nd,np
complex*16 dn,fn,cn,zn,zz
common /geome/ Rf,zns,cns
common /field/ dnns,np, fnns,np, cnns,np
do k1,nd nd strands in total
faccO.02*ck current ck in each strand
zz=dconjgzk/Rf/Rf ! Hf is the iron bore radius
dnk,1=2.OD-02*ck/zk I zk is the strand position
fnk, 12 .OD-02*zz
cnk, 1 =dnk, 1 +fxjk, 1
do j=2,np ! calculate up to np th pole
dnlc,j=dnk,j-1/zk I current part tesla/z/unit**n
fnk,j=fnk,j-1*zz I iron part tesla/z/unit**n

cnk,j=dnk,j+fnk,j total tesla/z/unit**n
enddo
enddo
return
end

Test Run

Simulating the measurementresults,aset of strandposition data was created
using equaldistancein the cablecross section. Figure 1 is the testedgeometry.
The calculatedresult from this geometrywas very closeto other designcalcula
tions as listed in thefollowing table. Differencebetweenintegral formulaanalytic
calculation 1 may be becauseof the current densitydistribution.

Tf b2 b4 b6 b8
Akbar result 1.045 +0.23 0.06 -0.02 +0.04
Yellow book 1.045 -0.18 -0.04 0.00 +0.05
M.W.R=6.7792 1.047 -0.28 0.06 -0.03 +0.04

R=6.7488 1.049 -0.19 0.06 -0.03 +0.04

Application

StartingD5A326, severalmagnetsareplanedto be cut after cold test including
field measurement.Position measurementsare now under taken at SSCL. The
comparisonbetweenthe positionof the conductorandthe field will be madewith
this calculation.

‘Akbar Mokhtarani, Fermilab TS-SSC92-028
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