1. Derive the four transverse field components in terms of Ez and Hz for the general solutions to Maxwell’s equations in cylindrical transmission lines or waveguides. The geometry of an arbitrary transmission line or waveguide is characterized by conductor boundaries that are parallel to the z-axis. These structures are assumed to be uniform in shape and dimension in the z direction and infinitely long.

2. Prove that the cutoff wave number, kc is zero for the general solution to TEM waves in cylindrical transmission lines or waveguides.

3. The transverse fields of a TEM wave are the same as the static fields that can exist between the conductors. In the electrostatic case, prove that the electric field can be expressed as the gradient of a scalar potential, Φ (x, y).

4. Prove that the curl of electric field vanishes.

5. Derive the wave impedances of TEM, TE and TM modes for the general solutions to Maxwell’s equations in cylindrical transmission lines or waveguides.

6. In the geometry of the parallel plate waveguide of Figure 3.2, the strip width, W, is assumed to be much greater than the separation, d, so that any x variation can be ignored. A material with permittivity, ε and permeability, μ is assumed to fill the region between the two plates.
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Derive the solutions for TEM, TM, and TE waves.
7. Derive the transverse field components for the TE modes of parallel plate waveguide.
8. The geometry of a rectangular waveguide is shown in Figure 3.7, where it is assumed that the guide is filled with a material of permittivity ε and permeability μ. It is standard convention to have the longest side of the waveguide along the x-axis, so that a > b. Derive the solutions for TM, and TE waves.
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9. Derive the transverse field components for the TEmn modes of rectangular waveguide.
10. Derive the transverse field components for the TEmn dominant mode of rectangular waveguide.
11. Derive the cutoff frequency for the TE modes of rectangular waveguide.
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