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1. (3t EA8) Consider a finite-width parallel-plate transmission line formed by two perfectly conducting plates of width w separated
by a spacing d. A perfect dielectric (4, = 1, &, > 1) filled in between them. Assume that the fringing fields can be neglected and
the transverse electromagnetic waves propagate along the z-axis are given by E = Vy/d)cos(8nx10°¢ - 50zz)a [V/m] and

H = (I, /w)cos(87 x 10°¢ - 50zz)a,[A/m], where V), o d, and w are constants.

(a) (4%) What is the frequency f of the electromagnetic waves in the parallel-plate transmission line?

(b) (4%) What is the phase velocity v, of the electromagnetic waves in the parallel-plate transmission line?

(¢) (4%) According to (b), what is the relative permittivity &, of the dielectric filled in between the two conducting plates?

{1) (4%) Based on (c), what is the capacitance per unit length € of the parallel-plate transmission line for static fields?

(¢) (4%) Based on (d), what is the characteristic impedance Z, of the parallel-plate transmission line?

(D) (4%) Based on (e), if one end of the parallel plate transmission line is short-circuited, what is the voltage reflection coefficient
r'?

(g) (4%) Based on (e), if the parallel plate transmission line is terminated with a resistive load without reflection, what is the load
resistance R;?

(h) (4%) Please find the instantaneous Poynting vector P associated with the electromagnetic waves.

(i) (4%) Please find the time-average Poynting vector (P) associated with the electromagnetic waves.

() (4%) Please find the time-average power flow §(P) - ds along the parallel-plate transmission line.

2. (3 %) (10%) A dielectric material of permittivity ¢ sliding freely in a cylindrical capacitor experiences a mechanical force F, of
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electrical origin in the axial direction ah shown in Fig. P2. Show that F, =-%"—"—~"0"4
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3. (31 HA) (20%) Fig. P3 shows a parallel-plate waveguide discontinuity. Please find the power reflection coefficients for TE, q
and TM, o waves of frequency /= 6 GHz incident on the junction from the free space side.
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4. (a) (& ¥) (20%)Please derive the transmitted intensity ratio I/I; of a Fabry-Perot etalon as shown in Fig. P4 .
I (1-R)*

I, T (1-R)Z+4R sin?(8/2)

4nd
where R =T%,8 = kgn - 2d = >
0

;= |Ei|%, and I, = |E,[|%.

Assume normal incidence. E; and E; are the amplitudes of incident and transmitted electric fields, respectively. n, I, d, and Ay
are the refractive index of the cavity, the a_mplitude reflected coefficient at the interface, the length of the cavity, and the

wavelength in free space, respectively.
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(b) (31 % A8) (5%) The maximum transmission of unity occurs for §=2mm, m=1, 2, 3, .... Please find nearest integer m for d =

300 um, #n = 3.5, and Ap = 850 nm.
(c) (3+ B #8) (5%) The wavelength satisfies such m is called the resonant wavelength A, (Inis close to 850 nm.) Please find the

wavelength difference between two resonant modes, A4 = (Ag+1- Am)-
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