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Equivalent magnetic Source : the concept
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Equivalent magnetic Source : the concept

n=1 : dipolar behavior
n=2 : quadripolar behavior

Real source :
very complicated
magnetic behavior

5(53—353—3"‘33 253 otS3 1Bz 1"‘330530"‘33 153 1"‘332532"‘333533)
I

V. o /.. o Momag :



Equivalent magnetic Source : the concept
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Equivalent magnetic Source : the concept
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Equivalent magnetic Source : the concept
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Equivalent magnetic Source : the concept
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The standard sensors
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The standard sensors

SensorS;, —> S11 + 81’1(n23)

== - Sensor S, > S19T & 0(n23)

' Sensor S, > S1q T 81,_1(n23)

1" Real sourcL/:
very complicated _, _,
magnetic behavior _ @ 1)

_|_l(32 2Bz 2t 1Bz 1+, oBz otSy, 1Bz 1S, 2Bz 2)
5(33 3Bs 3"‘33 253 otS3 153 113, oBa 033, 153 ) 2Bs 1+, 353 3)

6( ) 7( )

W G2k / O e Momag ;




The standard sensors

SensorS;, —> S11 + 81’1(n23)

- ——--Sensor S,, > S19T & 0(I’]23)

' Sensor S, > Sl,-l + 81,_1(n23)

1" Real sourcL/:
very complicated _, _,
magnetic behavior _ @ 1)

_|_l(32 2B2 1S 1Bz 11T, oBz 0+, 1Bz 1T, 2Bz 2)

@33353 3t 253 ot 1Bz 1"‘%0530"‘331531"‘332532"‘333533)

6( ) 7( )

J

W. 2w 4, 73 L o mmﬁg

4



The standard sensors
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Design a new family of sensors

Real source :
very complicated
magnetic behavior

5(33—353—3"‘33 253 otS3 1Bz 1"‘330530"‘33 153 1"‘332532"‘333533)
I

W. [, LY e Momag ;



Design a new family of sensors

dipolar & quadripolar behaviors
—> 511510911
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Design a new family of sensors

dipolar & quadripolar behaviors
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The results (Benjamin Vincent CEFC 2008)
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The results (Benjamin Vincent CEFC 2008)

Shape of the sensors

irst order (n =1) second order (n =2)
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8 strange sensors to extract 8 components of the near field ...

WA@ G 4, Fhema Mmﬁg :

X view (1) () Z VIEW




The results (Benjamin Vincent CEFC 2008)
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Basic concepts

e Spherical harmonics ...
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Basic concepts

e Spherical harmonics ...

+00  +0N

g(r,é’, Q) ———Z Z'Ahm ( D Yom (6, (P))

n=1 m=—n
Orthogonal complete expansion

* Flux density on a sphere

Bin(9@)N  prop.to  Yum($¢)

Flux in a surface coll
proportional to : j IYnm(9,¢)
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Spherical harmonics 2
SIN(M@) meo
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Geometrical function of 4 J
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m periods / turn
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Spherical harmonics ‘
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Yom (6, )= Py

Geometrical function of @
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Spherical harmonics
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Sph. Harm. : symmetrical Y, (/ z=0)
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Sph. Harm. : symmetrical Y, (/ z=0)
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Symm. sensors nm:
v'symmetric / z=0
v’ 2m-antiperiodic

v'Simple to calculate => outlines with = cste or ¢ = cste
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Sph. Harm. : antisymmetrical Y, ,

Sensors nm:
v Antisymm. / z=0
v’ 2m-antiperiodic

No signal for :
vsymm. Y, ..

14

Forandpols - Santa Catarina®



Symm. Sensors nm: Antisymm. sensors nm:
v antisymmetric / z=0
v'2m-antiperiodic

v'Simple to calculate => outlines with = cste or ¢ = cste
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Flux of B(Y,.,) In the sensor S_
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Flux of B(Y,.,.) In the sensor S,
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Flux of B(Y In the sensor S
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Flux of B(Y,.,.) In the sensor S,

Flux 4

Flux 1

Flux 2 I L
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Flux of B(Y,.,.) In the sensor S,
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Flux of B(Y,.,.) In the sensor S,
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Flux of B(Y,.,.) In the sensor S,
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Symmetrical sensor S,, (m=0)
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Symmetrical sensor S,, (m=0)
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Symmetrical sensor S;; (m=1)
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Symmetrical sensor S;; (m=1)
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Symmetrical sensor S;; (m=1)
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Symmetrical sensor S;; (m=1)
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Symmetrical sensor S,, (m=2)
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Symmetrical sensors
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Symmetrical sensors Unsymmetrical
sensors

n=1: @
n=3: % @ Ys.z\

(3
0

>
1
l\)

—zero for : @.=2713 and m=1: m'=3,6,9...

@m@ Eﬁr 4%,,,,, e LE MWQQ g2



Symmetrical sensors
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Symmetrical sensors

Unsymmetrical sensors
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Symmetrical sensors Unsymmetrical sensors

—zero for : @2727’3 and m=1: m’:S@

How to remove the last cross effects ?
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Symmetrical sensors Unsymmetrical sensors
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How to remove the cross effect ?
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How to remove the cross effect ?
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How to remove the cross effects ?
- by adjusting the high of the sensor {4
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How to remove the cross effects ?
- by adjusting the high of the sensor {4

SI Si1 (S11)

The standard sensor
for Y,, gives a signal
to sources > 3d order

these sensors :
> 5th order




Sensor S21
a_more simple and rigorous solution

le G2t 4 -;\.P,-,,. PRt s

uuuuuuuuuuuuuuuuuuuuuuuuuuuu

26



Sensor S21
a_more simple and rigorous solution
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Conclusion : a new sensor concept
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Conclusion : a new sensor concept

e Design of 5 sensor shapes for the identification of 3
dipolar and 5 quadripolar coefficients
— without cross-effects
— field perturbations : only terms in 1/r*7 or smaller ...
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Conclusion : a new sensor concept

e Use of all properties of symmetry and periodicity of the
spherical harmonics
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Conclusion : a new sensor concept

e Design of 5 sensor shapes for the identification of 3
dipolar and 5 quadripolar coefficients
— without cross-effects
— field perturbations : only terms in 1/r*7 or smaller ...

o Use of all properties of symmetry and periodicity of the
spherical harmonics

« Better than the standard sensor
— more robust (sensitivity to the position of the center of the sensors)
— but more complex and only “virtual” (!)
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Conclusion : a new sensor concept

e Design of 5 sensor shapes for the identification of 3
dipolar and 5 quadripolar coefficients
— without cross-effects
— field perturbations : only terms in 1/r*7 or smaller ...

 Use of all properties of symmetry and periodicity of the
spherical harmonics

« Better than the standard sensor
— more robust (sensitivity to the position of the center of the sensors)
— but more complex and only “virtual” (!)

My feeling : possible with only 3 different sensor shapes
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