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MagneticField Calculations

Mark Trew

I . INTRODUCTION

Currentdensityvectorswerecomputedfor a transmembranemidwall point stimulationof

a paddedrat cardiactissuesample.The samplevolume containedexplicit cleavage plane

representations.From thesecurrent density vector fields, the magneticflux density vector

field wascomputed.This documentcontainssomeof theseresults.

I I . METHODS

Givena meshof currentdensityvaluesknown at points ��� anda meshof pointsat which

themagneticflux densityis to becomputed,��� , thecomponentsof thevectorpotentialfield,� , arecalculatedapproximatelyas:���
	 ��������������� � � ��� �� ��������� � (1)

Here ��� is the free spacepermeability(
���! #"%$'&)( �+*-,., &)( ), � � is the / componentof the

total (intra- plus extracellular)currentdensityand
� � is the volumeassociatedwith point 0 .

In orderto calculatethemagneticflux densityvectorfield, 1 , thecurl of thevectorpotential

field is required.Thus,only thegradientsof � areexplicitly calculatedusingafinite difference

method. 2 ���2 	3�4 �5� � ���6	7	3�4 �5�98;:<��� �+�6	=	>3�4 �?����:@�A : (2)

B ������ 	 A :@� � � � ��� �DC "� 	>3�4 �?�98E:F� 	>3�4 �G� � � "� 	>3�4 �?�H�I:J� 	>3�4 �K� �ML (3)

The magneticflux densityis then trivially determined.

I I I . RESULTS

Transmembranecurrent (
�
$N$�$ � � ,., &'O ) was injectedfor

A ,QP into the midwall region

of a finite volume model of a sampleof rat cardiactissue.The samplecontainedexplicit

representationsof cleavageplanesanda full fibre, sheetandcrosssheetdescriptionof intra-
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Fig. 1. Scanimagesof transmuralrat cardiactissuewith segmentedcleavageplanes.The R axis is transmural,the S axis

is from apex to baseand the T axis is circumferential.(From Hookes et al. 2002).

andextracellularconductivities.ThesamplemeasuredU ,.,  V$9WYX ,.,  V$ZW[X ,., andwas

paddedin thecircumferentialandapex-basedirectionsby
"�\ , of continuoustissuepadding.

Currentdensityvectorswere computedand saved at ] ,QP intervals from ] ,QP to ] $ ,QP .
The currentdensityvectorsfrom the tissuesample(not including the paddingvolume)were

usedto calculatethe magneticflux densityfields on an arbitrarygrid.

Figure 1 shows the cleavageplanesand the tissuesamplewith fibre orientation.Figures

2 and 3 show the currentdensityfields giving rise to the magneticfields. Figures4 and 5

show a selectionof magneticfields
" ,., above the tissuesurface.
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(a) 5 ^`_ .
0

0.5

1

1.5

2

2.5

3

0
0.2

0.4
0.6

0.8

0

0.2

0.4

0.6

0.8

Transmural distance fro
m eipcardium (m

m)

Apex−base (mm)

Maximum |J
total

|=18.603 µA/mm2

C
irc

um
fe

re
nt

ia
l (

m
m

)

(b) 10 ^`_ .
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(c) 15 ^a_ .
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(d) 20 ^`_ .
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(e) 25 ^a_ .
0

0.5

1

1.5

2

2.5

3

0
0.2

0.4
0.6

0.8

0

0.2

0.4

0.6

0.8

Transmural distance fro
m eipcardium (m

m)

Apex−base (mm)

Maximum |J
total

|=0.484  µA/mm2

C
irc

um
fe

re
nt

ia
l (

m
m

)

(f) 30 ^`_ .
Fig. 2. Currentdensityvectors.
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(a) 35 ^a_ .
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(b) 40 ^`_ .
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(c) 45 ^a_ .
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(d) 50 ^`_ .
Fig. 3. Currentdensityvectors.
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−0.01

−0.008

−0.006

−0.004

−0.002

0

0.002

0.004

0.006

0.008

0.01

−1 −0.5 0 0.5 1

−1

−0.5

0

0.5

1

nT

Circumferential (mm)

A
pe

x−
ba

se
 (

m
m

)

(c) 15 ^a_ .
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(e) 25 ^a_ .
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(f) 30 ^`_ .
Fig. 4. Magneticflux density1mm from epicardialsurface.
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Fig. 5. Magneticflux density1mm from epicardialsurface.
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