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1. The ohmic power loss in a plane conductor per unit area is given by

WL =
1

2
RS |JS|2

where RS is the surface resistance defined in class. Derive the above result by
(a) computing the Poynting vector and by (b) the integration of the power loss at
each point of the solid from the known conductivity and current density function.
(Ramo Prob. 3.18a)

2. Consider a “lossy” material with complex dielectric function and zero conductivity.
Find the power loss per unit volume from Poynting theorem.

3. In this problem you will compute the quality factor of an ideal parallel-plane
capacitor (no fringing fields). Assume the plates of the capacitor are rectangular in
shape with conductivity σ and the dielectric material has complex permittivity
ε = ε′ + jε′′. Assume current enters uniformly from one side of the top plate and exits
uniformly from the bottom plate of the capacitor as suggested in the figure below.
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(a) Invoke a high-Q assumption (low loss) to compute the current density Jt(x) and
Jb(x) in the capacitor top and bottom plates.

(b) Compute the ohmic power losses in the capacitor plates. Clearly state your
assumptions.

(c) Compute the dielectric losses in the capacitor dielectric material.

(d) Compute the overall Q-factor for the capacitor.

(e) Analyze the structure as a distributed circuit and invoke a high-Q assumption in
the Taylor series expansion of the input impedance.

4. For a series LCR circuit express the input impedance Z(ω) as an energy balance
between power loss and reactive power storage.



5. Calculate the low-frequency internal inductance per unit length of a wire of circular
cross-section. Verify that the general result derived in class is consistent with your
solution.

6. Using the results from problem (2), compute the sign of the imaginary part of the
complex dielectric constant ε = ε′ + jε′′ for a physically realizable material.
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