Equivalent Current Dipole
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https://en.wikipedia.org/wiki/Current_sources_and_sinks

At the synapse, because of Na+ influx, there is an accumulation of positive charges inside the
membrane and consequently negative charges accumulate in the extracellular space. Because of
the electric field the charges generated, there is a intracellular current flow towards the soma
and this is the primary current that gives rise the return current and further the EEG. The return
current is the extracellular volume current with opposite direction from the intracellular current
that completes the ionic flow loop. Because of these currents, there will be a efflux of positive
changes at the basal dendrite as part of the loop to balance the charges. According to the
definition of current source and sink, we have a current source at the apical dendrite and
current sink at the basal dendrite.

When thousands of dendrites are aligned and synchronized, it can generate EEG measurable
signals. We can model the activity as a current dipole pointing downwards. This will give a
negative deflection of the scalp potential imposed by the return current. And what we want to
estimate is the source of this return current, which is the primary current.

https://www.fil.ion.ucl.ac.uk/spm/course/slides14-meeg/01
MEEG What are we measuring with MEEG.pdf
e 50000 cells succient to generate a dipolar source of 10nAm




¢ About 10 000 synchronous neurons could yield an MEG measurable signal
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Maxwell equations:———"
[ Ou,H Faraday's law: changing magnetic field generates electric field
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Ampere-Maxwell: changing electric field generates magnetic field
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Continuity equation:

¢ Divergence: The physical significance of the divergence of a vector field is the rate at which
"density" exits a given region of space. The definition of the divergence therefore follows
naturally by noting that, in the absence of the creation or destruction of matter, the density
within a region of space can change only by having it flow into or out of the region. By
measuring the net flux of content passing through a surface surrounding the region of
space, it is therefore immediately possible to say how the density of the interior has
changed. This property is fundamental in physics, where it goes by the name "principle of

continuity." When stated as a formal theorem, it is called the divergence theorem, also




known as Gauss's theorem. In fact, the definition in equation is in effect a statement of

the divergence theorem.
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From <http://mathworld.wolfram.com/Divergence.html>

¢ Two different ways of deriving it:
e https://en.wikipedia.org/wiki/Current density

Continuity equation [edi]

Main article: Continuity equation

Since charge is conserved, current density must satisfy a continuity equation. Here is a
derivation from first principles.’]

The net flow out of some volume V (which can have an arbitrary shape but fixed for the
calculation) must equal the net change in charge held inside the volume:
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where p is the charge density, and dA is a surface element of the surface S enclosing the
volume V. The surface integral on the left expresses the current outflow from the volume,
and the negatively signed volume integral on the right expresses the decrease in the total
charge inside the volume. From the divergence theorem:
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This relation is valid for any volume, irdapandant of aize or Incation, which implies that:

dp
V.j=——0
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and this relation is called the continuity equation.!"2[14]

¢ From Maxwell equation:
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¢ In my own words, the divergence of the electric field represents how the electric charges
change in a volume in total. And the divergence of the current density represents how the
charge density change over a unit time. (Think about the definition of the current density)

¢ The continuity equation is true universally.

e My thinking is currentis 0? -- current over the whole brain surface is 0, but we cannot say at
each given location the current (density) is 0.



Poisson equations: N
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where V_(5) is the potential due to }:f in a conductor
of infinite extent and homogeneous conductivity (o, +
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Solve 28.15 for BEM model:
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We can use centre of gravity (evaluate V at the centre of gravity of each triangle and consider this value constant
over the triangle), constant potential at vertices (the potential over the triangle is supposed to be constant and
equal to the mean of the potential at its vertices), linear potential at vertices (potential varies linearly over the
triangle) to find V(s).

Take CoG for instance,

3

= N;
1 s—7r L = = ’
V()= o 757) [ e ;]_f(?';)a(?’ ;) dt

27‘(01 —}—(J'I:") ij 7 [ r|1§(l‘P —T;)dv

1 o, 5T -
Y == =lf(h)
T 2m(o; +o7 3L
(0% V) o [s—7[ V(‘s'mg’P) = Vx(gmg'},)
m
[ V(ﬁ’)V' ( L ) n(s)ds = V(s }Q” ") ( 28.22 L % Ui = i VG, )"
Acrl | . i cog + 2 J\ -4 o k o mo m :_og,p)

I=1
28.24

where QU ”‘]( ) is the solid angle at s subtended by the
triangle A,,, -
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Matrix form solution:
the BEM problem can be
expressed in matrix torm:
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where:

® v, an N, x1 vector, contains the potential at the N,,
nodal pomts of surface S;: centre of gravity of each
triangle for the CoG approximation or vertices of the (I,, J- -4 NVF{) Ve &l a'
triangles for the LPV approximation. v is N, x 1 vector —~ —
with N, =N, +N,, +N,.. Taak N

* By, an N, x N, matrix, represents the influence of the OAMAtin , MU =
potential of surface S, on the potential of surface S,.

Its elements depend on the conductivity inside and Ft Co 0--n-. 9 Lo L ]
outside the surfaces 5, and S, and on the solid angles ! N\{; ' N"§ NJ;
used in the BEM Eqn. 28.24. B is an N, x N, matrix.
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* G, an Nm x 3N; matrix, is the free space potential U"
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matrix depending on the location 7, of the sources j,,
the nodal points on surface S, and the conductivity

inside and outside surface S, (o; and 7). G is an SQQL!’ ()OMTU currwrt olCFOIQ

N, x 3N; matrix.

Note: Solve Poisson equations:
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Dipole equations:
Monopole Charge

O O

- L 2 > = 2. 8 =

T: E”af J= €€ t- 4%7"'%
Q

$= 2o P Fer

Example:

Dipole
No single isolated monopole current source because of the need to conserve charge.

Derivation idea 1:
http://web.mit.edu/6.013 book/www/chapter4/4.4.html.
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Derivation idea 2:
If the two monopoles are overlapped, there will be no field at location r. --> ¢(r) is the function of
d. --> Use Taylor expansion: ¢(r) = ¢$(0) + Vo (r) dr
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¢ isotropic: having a physical property which has the same value when measured in different
directions

* homogeneous--uniform



