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Convection and conduction
current

Continuity equation
Relaxation time




That s,

&

[ =
dt

(5.1)

Thus in a current of one ampere, charge is being transferred at a rate of one columb per
second.
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We now introduce the concept of current density J. If current Al flows through a
surface AS, the current density is
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Al = JLAS (3.2)

assuming that the current density is perpendicular to the surface. If the current density is
not normal to the surface,

Al =] AS (5.3)

Thus, the total current flowing through a surface S is
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Due to the principle of charge conservation, the time rate of decrease of charge within a

given volume must be equal to the net outward current flow through the closed surface of
the volume, Thus current 1, coming out of the closed surface is
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Ly j[J 8 =— (5.40)

where (15 the total charge enclosed by the closed surface. Invoking divergence theorem

%J*dS=JF'Jdv (5.41)
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But
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J=0E (5.44)
and Gauss's law
_ P
V-E = . (5.45)

Substituting eqs. (5.44) and (5.45) into eq. (5.43) yields
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This is a homogeneous linear ordinary differential equation. By separating variables in
eq. (5.46), we get

P _ %, (5.47)
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and integrating both sides gives
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Inp, = —— + Inp,,
£
where In p,, i a constant of integration. Thus
0= pye " (5.48)

where




