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Problem 1: (15%)

Consider a time-varying point source with a time-averaged radiated power of I W. Answer the
following questions:

(a) Evaluate the time-averaged power density at a distance 5 m from the source. (3%)

(b) At the same point, evaluate the magnitude of the electric field if the propagation medium is
free space. (5%)

(c) What would be the result of (b) if the EM wave is instead propagatmg in a material medmm
with a dielectric constant of 4 and a relative permeability of 17 (5%)

Problem 2: (15%)

A 5-GHz uniform plane wave is propagating in a lossless dielectric medium along the -y direction.
Aty =0 and t= 0, the electric field intensity in phasor form is

+;Z
E(y=0,6=0)=127¢ ‘a_ (V/m).
Assume the propagation constant is 1007 rad/m and the permeability of the medlum 15 Ho.

(a) What is the relative permittivity of the medium (5%)?

(b) Find the instantaneous expression of the electric field at an arbitrary point in the region y < 0
and £> 0. (5%)
(c) If the electromagnetic wave is excited by an infinite current sheet J NOE

—127cos(2m x 5x10° t)a_, determine the location of this current source. (5%)

Problem 3: (20%)

As shown in Fig. 1, consider a pair of infinitely long line charges, paralle] to the z-axis having a
uniform charge density prg C/m for z > 0 and a uniform charge density -prp C/m for z < 0. The
separation between the two lines is 2a. Find the electric field intensity at the point P(0, a, 0) in the

middle of the pair of line charges. (Hint: .[ xdx - =1 )
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Problem 4: (10%) :

The structure shown in Fig. 2 is filled with a ceramic material (6= 9, 1= 1), and the dimensions
are d =2 mm, w =4 mm and / = § mm, respectively.

() Find the value of this inductor. (5%)

(b) Assume the quasistatic approximation is valid for f< 56“;—— . find the maximum frequency fi
. LI

for which the input behavior of the structure is essentially that of a inductor. (5%)

Fig. 2

Problem 5: (206%)

For the TDR system in Fig. 3, the TDR pulses are of amplitude 1V, duration 10 ns, and repetition
rate of 10 kHz. '

(a) Find the reflection coefficient at “B” looking into the load. (4%)

(b) Find the reflection coefficient at “A” looking toward the load. (4%)

{c) Find the time and amplitude of the first reflected pulse. (4%)

(d) Find the time and amplitude of the second reflected pulse. (4%)

(e) Find the time and amplitude of the third reflected pulse. (4%)

G O— NG
- Zy= 500
TDR System Zy= 3500 v, = 2 % 108 mJs
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Problem 6: (20%)

A transmission line of characteristic impedance of 50 Q and v, =2 x 10° m/s is terminated with a
resistor of 40 Q2 in series with an inductor of 80 nH, as shown in Fig. 4. -

(a) Find the load impedance at 120 MHz. (5%)

(b) Find the reflection coefficient at the load in polar format, [magnitude and angle] (5%)

(c) We want to achieve impedance matching using the quarter wavelength transformer approach as
shown below. Assume the transmission line characteristic irﬁpedance cannot be made greater than

50 Q, find the shortest line length dy [in terms of meter] and transformer line characteristic
impedance Z,. [You can use either Smith chart of analytical approach to find the solutions. If you use

the Smith chart approach, describe “briefly” how you derived the answers in the answer sheets to get
full credits.] (10%)
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The Complete Smith Chart
Black Magic Design
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