Derivation of the Continuity Equation 

(assumption: only conventional currents exist)
Now also I want to assume and only free charges are involved.
In terms of current density, the current is given by:
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This can be converted to a volume integral by Gauss’s Theorem:
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Thus:
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but:
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This is called the continuity equation and is valid if displacement currents are not significant.

Let’s look at Ohm’s law for conductors:
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If we use this in the continuity equation, we have:
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This can be solved:


[image: image7.wmf](

)

0

0

t

d

0

dte

s

e

r

s

re

rr

-

=-Þ=


This shows the effect that a conductor has upon the time rate of charge dissipation: the characteristic time for a charge imbalance to decay is given by:


[image: image8.wmf]0

e

s

t

º


The better the conductor is, the faster the imbalance decays.

Now, let us apply Maxwell’s equations to a conductor in the assumption that the free charge imbalance has enough time to decay. Then Maxwell’s equations become:
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These equations can be decoupled to give:
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These equations can be solved with plane wave solutions with a complex propagation constant:
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the propagation constant is given by:
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A very important feature of this is the following: the skin depth, which is the distance by which the amplitude of the EM wave is reduced by 1/e is given by:
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which shows that as the frequency is decreased, the skin depth increases. Alternatively at high frequencies, the skin depth is very small.

This brings this discussion up to Eq. 9.128 in the text.
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