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L. Rectangular waveguide. Consider the rectangular waveguide as shown. The guided
axis is along the x-direction, with height (z-direction) 1cm and width (y-direction) 2 cm.
The volume inside is vacuum and the walls are perfect conductors. A wave propagates
down the guide at angular frequency .
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a. (5 pts) Write the baundary conditions, if any, on E,, E,. E,, B,, B, and B, at the walls.
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b. (5 pts) What are the components of E and B for the lowest mode? Hint: the lowest
mode has E-field in the z-direc iongé_.ly. For, LOWGT ™MoD€ E, - E y <O
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d. (5 pts) If the volume inside the guide were filled with lossless plastic of relative

dielectric constant €, = 2, how wo cutoff frequency change? Tue VEWS(TY
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e. (5 pts) The possible modes of propagation down the guide separate naturally into two
classes. What are these two classes and dgscribe how they differ. 2,5 ccAs5 HAS
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I1. Coaxial waveguide. A coaxial waveguide consists of cylindrical inner and outer
perfect conductors of diameter @ and b (see figure). The volume between conductors is
vacuum. A TEM wave of angular frequency  propagates down the guide. The amplitude
of the voltage across the conductors is Vj, the amplitude of the current down one of the
conductors is Ij.

a. (5 pts) What's the TEM cutoff frequency of the guide? Explain.
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b. (5 pts) For a field point shown at radius r, find E in terms of V; and B in terms of I,.
¢ R Frxed Time g Po¢ (Tror) AcLars e €
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¢. (5 pts) Find the “characteristic impedance” (V/l¢) of the guide. Hint: recall from
homework the “wave impedance (E/H;) of the guide is /u, /&, .
2o =Vefr, - EL YA _ (@] 2 bla
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d. (5 pts) What value of resistor should you place across inner and outer conductors at
the end of the guide to ensure there’s no reflection from the end?

The RéexcstorRr HAS VALVE Q =2,

e. (5 pts) What's the time-average power delivered by the guide?
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2. (25 pts total) Coazial Waveguide

A coaxial waveguide consists of cylindrical inner and outer perfect conductors of diameters a and
b (see figure). The volume between conductors is vacuum. A TEM wave of angular frequency
w propagates down the guide. The amplitude of the voltage across the conductors is Vj, the
amplitude of the curreni down one of the conductors is Ij.
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(a) (7 pts) What is the TEM cutoff frequency of the guide? Explain.
(b) (6 pts) For a field point shown at radius r, find E in terms of Vy and B in terms of Ij.
(c) (6 pts) Find the “characteristic impedance” (Vy/1Ij) of the guide.
(d) (6 pts) What is the time-averaged power delivered by the guide?

3. Dispersive Gaseous Medium

A dilute gaseous medium is found to exhibit a single optical resonance at frequency wy = 2w x 10
Hz. The electric field of a plane wave at frequency wg propagating through this medium is at-
tenuated by a factor of two over a distance of 10 meters. The frequency width of the absorption
resonance is Aw.

(a) What is the absorption coefficient o on resonance?

(b) Arrange in ascending order the propagation velocities at frequencies wy, wp + Aw/10, and
wo — Aw/10. Show your reasoning.

(c) If there were no other resonances in the medium, what are the approximate numerical values
of the index of refraction and the propagation velocity on resonance?
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