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Power Dissipation and Joule’s Law
Thermal vibration (heat dissipation) by the drift motion of electrons:
— Work done per unit time by E-field for a charge q:
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Total power delivered to all the charges:
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— dP=> p,=E-Jdv

— Power density

Joule’s law: P:LE-JdV (W)

For a conductor of a constant cross section:
_ _ g2
P= jLEdl Lst =VI=12R (W)



Boundary Conditions for Current Density

Governing equations for steady current density:
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Homogeneous Conducting Medium

For a homogeneous medium:
vV-J=0
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— Vi =0 < Laplace’s equation

Boundary conditions:
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Example 5-4

For a parallel plate with two lossy dielectrics:
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Surface charge densities:
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Resistance Calculations

Capacitance and resistance:
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Relationship between capacitance and resistance:
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<« In case the medium is homogeneous or
gand oare of the same space dependence.



Example 5-4

For a parallel plate with two lossy dielectrics:
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By Kirchhoff’s voltage law:
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