MagneticField Calculations

Mark Trew

I. INTRODUCTION

Currentdensityvectorswere computedfor a transmembranenidwall point stimulationof
a paddedrat cardiactissue sample.The samplevolume containedexplicit cleavzage plane
representationsg=rom thesecurrentdensity vector fields, the magneticflux density vector

field was computed.This documentcontainssomeof theseresults.

[I. METHODS

Givena meshof currentdensityvaluesknown at pointsz; anda meshof pointsat which
the magneticflux densityis to be computedz;, the component®f the vectorpotentialfield,

a, are calculatedapproximatelyas:
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Here i, is the free spacepermeability(4m x 10*10 H mm™1), J is the k componenbf the
total (intra- plus extracellular)currentdensityand V; is the volume associatedvith point j.
In orderto calculatethe magneticlux densityvectorfield, b, the curl of the vectorpotential

field is required.Thus,only thegradientf a areexplicitly calculatedusingafinite difference

method.
0Ar  _ Ap ()i +A) = Ag ((m1)i — A)
= Ty 27 (ersa=cr ~ wr=acm) ©

The magneticflux densityis thentrivially determined.

[1l. RESULTS

Transmembraneurrent (4000 A mm~=3) wasinjectedfor 2ms into the midwall region
of a finite volume model of a sampleof rat cardiactissue.The samplecontainedexplicit

representationsf cleavageplanesanda full fibre, sheetandcrosssheetdescriptionof intra-
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Fig. 1. Scanimagesof transmuralrat cardiactissuewith sggmentedcleavageplanes.The z axisis transmuralthe y axis

is from ape to baseandthe z axisis circumferential.(From Hookes et al. 2002).

andextracellularconductvities. The samplemeasure® mm x 0.8 mm x 0.8 mm andwas
paddedn the circumferentialandapex-basedirectionsby 1 ¢m of continuoudissuepadding.
Currentdensity vectorswere computedand saved at 5 ms intervals from 5 ms to 50 ms.
The currentdensityvectorsfrom the tissuesample(not including the paddingvolume) were
usedto calculatethe magneticflux densityfields on an arbitrary grid.

Figure 1 shaws the cleavage planesand the tissuesamplewith fibre orientation.Figures
2 and 3 show the currentdensityfields giving rise to the magneticfields. Figures4 and 5

showv a selectionof magneticfields 1 mm above the tissuesurface.
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Fig. 2. Currentdensityvectors.
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Fig. 3. Currentdensityvectors.
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Fig. 4. Magneticflux densitylmm from epicardialsurface.
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Fig. 5. Magneticflux densitylmm from epicardialsurface.
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