33rd
INTERNATIONAL
PHYSICS OLYMPIAD

2BALI IHDOHESIAS

THEORETICAL COMPETITION
Tuesday, July 23, 2002

Solution |1: Sensing Electrical Signals

1 When a point current source | isin infinite isotropic medium, the current
dengity vector at a distance r from the point is
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2. Assuming thet the resdtivities of the
prey body and that of the surrounding
seawater are the same, implying the

- P elimination of the boundary surrounding

the prey, the two spheres seemto bein

infiniteisotrgpic medium with the
resstivity of r . When asmal sphere

Yy produces current at arate |, the current

flux dengty at adigtance r from the

spher€'s center isaso

The seawater resdtivity isr , therefore the field Strength at r is
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In the moddl, we have two small spheres. Oneis at postive voltage rdlative to the
other therefore current |5 flows from the positively charged sphere to the negatively
charged sphere. They are separated by |s. The field strength a P(O)y) is




E,=E, +E. [+0.8 pts]
é u
e G
é a
rl, a 1 e lg. ely. .4
=—s& 3g:—+yj+ 39-—|-y19:'
4p 9 2 se 2 2 =5 € 2 d’l
98%_39 92 (;:%_S(.-j 29 u
92 . +y = g ) +y - u
2o 2} &2g o g
é u
: G
é . a
_ rge |S(- I) U
é 2
4p é%sc)z 292(J
e8¢+ +Y° I g
6ee2g ER:
=~ rlgd
E,»—=2(-i) for Is<<y [+1.0ptg]
p 4py3
3. The fidd strength dong the axis between the two source spheresis:
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The voltage difference to produce the given current I is
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The resistance between the two source spheresis:
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The power produced by the sourceis:
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4. V isthe voltage difference between the
detector’s spheres due to the eectric
WA fied induced bythe prey, Ry, istheinner

—_— resistance due to the surrounding sea

L water. Vy and R, are respectively the
— R, § V, voltage difference between the detecting
- spheres and the resigtance of the
detecting e ement within the predator
and iy isthe current flowing in the dosed
circuit.

Analog to the resi stance between the two
source spheres, the resstance of the
medium with residtivity r between the
detector spheres, each having aradius of
Iq1S
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@i @ Since Iy ismuch smdler thany, the

“—>» electric fidld strength between the

ls detector spheres can be assumed to be
congtant, thet is.
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Therefore, the voltage difference present in the medium between the detector spheres
is
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The voltage difference across the detector spheresis:
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The power transferred from the source to the detector is:
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5. P4 is maximum when
R = Ry ~= Ry ~  is maximum
+ r o (Rd + Rm)
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Therefore,
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The maximum power is
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