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Circuit theory is founded on the Kirchhoff’s Current Law, Kirchhoff’s Voltage Law, and Ohm’s Law.

(a) Derive Ohm’s Law based on its microscopic version:
J =0E

where J is the current density and o is conductivity.

(b) Derive Kirchhoff’s Current Law based on the continuity equation:

dp

ViI=—5

where p (x, y, z, £) is the time-varying non-uniform charge density in C/m’

(c) Derive Kirchhoff’s Voltage Law based on the irrotational property of electrostatic field, namely:

VXE =0 [staticsonly!]

Noted: Try to derive the power dissipated (in Joule heating) based on its microscopic version:
Power per m?® = o|E|?

which is derived in the lecture notes already.
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