Solution II: Sensing Electrical Signals

1. When a point current source I is in infinite isotropic medium, the current density
vector at a distance r from the point is
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Assuming that the resistivities of the prey body
and that of the surrounding seawater are the
same, implying the elimination of the bound-
ary surrounding the prey, the two spheres seem
to be in infinite isotropic medium with the re-
sistivity of p. When a small sphere produces
current at a rate I, the current flux density at
a distance r from the sphere’s center is also
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The seawater resistivity is p, therefore the field strength at r is
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In the model, we have two small spheres. One is at positive voltage relative to the
other therefore current Iy flows from the positively charged sphere to the negatively
charged sphere. They are separated by l;. The field strength at P(0,y) is:
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3. The field strength along the axis between the two source spheres is:
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The voltage difference to produce the given current I is
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The resistance between the two source spheres is:
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The power produced by the source is:
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V' is the voltage difference between the detec-
tor’s spheres due to the electric field induced
by the prey, R,, is the inner resistance due to
the surrounding sea water. V; and Ry are re-
spectively the voltage difference between the
detecting spheres and the resistance of the de-
tecting element within the predator and iy is
the current flowing in the closed circuit.
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Analog to the resistance between the two
source spheres, the resistance of the medium
with resistivity p between the detector spheres,
each having a radius of ry is:
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Since lg is much smaller than y, the electric
field strength between the detector spheres can
be assumed to be constant, that is:

g PLsls
47y3

[+0.2 pts]

Therefore, the voltage difference present in the medium between the detector spheres

is:
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The voltage difference across the detector spheres is:
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The power transferred from the source to the detector is:
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5. Py is maximum when

[+0.5 pts]

Therefore,
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The maximum power is:
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