A rectangular waveguide has cross-section 
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, as shown in the figure 1 below. 
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Figure 1 a cross-section of a rectangular waveguide.

An electromagnetic wave travels in the y-direction along the guide. The electric field of the wave takes the form
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And the associated magnetic field takes the form
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(Where k = wavenumber)

a)

Verify explicitly that the electric field satisfies the wave equation
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Provided that
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b)

Verify that the electric field E and the magnetic field B satisfy Faraday’s law.

c)

If the walls of the waveguide are very good conductors, state the boundary conditions on the electric and magnetic fields in the waveguide. Show that these boundary conditions are satisfied if
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d)

Over what range of angular frequencies
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can you be sure that the only mode of the above form propagating in the waveguide is the fundamental mode with n = 1?

e)

Calculate the pointing vector N for the fundamental mode at a point (x, 0, z) inside the waveguide. Hence show that the time-averaged power transmitted down the waveguide for the fundamental mode is,
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