
Quiz 6: EE430:Transmission Lines, Fall2014

Problem 1 (10 Points) Prove by using Ampere’s circuital law that there can be no TEM waves in a
hollow waveguide.

Problem 2 (10 Points) The cutoff frequency for a rectangular hollow waveguide is
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Using the speed of light to be 3.0× 108m/s find the cutoff frequency for TE10 for a = 1m.

Problem 3 (10 Points) Prove for a waveguide propagation that
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and show sin θ in terms of f and fc.

Problem 4 (100 Points)

1. Write down the Maxwell’s equations in phasor form from which the waveguide field equations are
derived.

2. Write down Es and Hs in terms of their three vector components such as Exs etc.

3. Write all six components as shown for one component here Exs = Exe
−jβz, where Ex(x, y) is indepen-

dent of z.

4. Substitute these six components in the following set of PDEs obtained from the Maxwell’s equations
so as to obtain 4 equations in terms of Ex,Ey, Ez, Hx,Hy, and Hz.
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5. Write Ex, Ey, Hx, and Hy in terms of Hz and EZ .

6. Now, for TM mode, take Hz = 0. Now take Ezs = Eze
−jβz. Use this expression to show that the

Helmoltz equation ∇2Es + β2

uEs = 0, where βu = ω
√
µǫ can be written as
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7. Take Ez(x, y) = XY and by substituting in the previous PDE, show what differential equations do X
and Y satisfy.

8. Show that sum of sines and cosines satisfy those differential equations for X and Y .

9. Apply boundary conditions X = 0 at x = 0 and x = a, and also, Y = 0 at y = 0 and y = b and derive
the final form for X and Y .
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