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1. Consider a transmission line segment of propagation velocity v = ¢ = § X 10% m /s, chatacteristic
impedance Z, = 509, length I, and a short termination. As shown in figure (a) below, this “shorted
stub” is connected in parallel with a 50 Q resistor and an ideal current source i(t) = Re{le/“'},
where, I = 2/0 A is the source current phasor and w = 27 x 10° rad/s; figure (b) depicts an equivalent

e g g N : L Y
circuit in terms of input impedance of the transmission lifie at d = [, namely Z ()= 7—7—2( i
-
o g ¢ vy
2£0A ::V(l) v(i/2) v(o) short 204 l Z(l)= ™
0| - e =
1 1 ]
d T T 1
l /2 0
(a) Transmission line circuit (b) Equivalent circuit

In answering the following questions assume that the circuit above is in sinusoidal steady-state:

a) (2 pts) What is the signal wavelength A (in m) on the transmission line?

b) (2 pts) Since a “short termination” is located on the line at d = 0, what is the pertinent “boundary
condition” involving the phasor V(0) for all possible stub lengths {7

c) (2 pts) Does the transmission line support a standing wave in the above circuit for all values of
non-zero [? Justify your answer.

d) (2 pts) What is the smallest non-zero value of [ (in m) if phasor Ig =0 A? Explain.
e) (2 pts) For ! determined in part (d), what is phasor I(l/2)? Explain.

f) (2 pts) For | determined in part (d), is V(I/2)? Hint: first figure out 7(0) and then use the
“current forcing formula” to get V/(1/2)!

g) (2 pts) What is the smallest value of ! if Ip = 2/0 A?

h) (2 pts) Given that V(1/2) = 0, what is the smallest possible value of {7 Explain

i) (2 pts) For ! determined in part (h), what is I(1)? Explain.

j) (2 pts) On a Smith Chart mark and label the normalized impedance z(d) = %:‘—)for d = 0 and
73 d=1ifl=0.3\ '

G TN k) (2 pts) Using the Smith Chart show that the value of y(0.3\) = ?(6}'375 matches z(0.55\). Explain
your reasoning.

C/ Nl«“f 1) (3 pts) Using the same Smith Chart determine Z(0.3A) on a TL if 27, = 1 — j1 and Z, = 50Q.
Show your work on the Smith Chart. :
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2. Two identical Hertzian dipoles IA£ are co-located at the origin aligned wi i the
respectively. The strength of the dipoles is given as JAl =1 Am, k = 21r :

embedded in free space with 7, = 1207 Q, o = 47 x 1077 H/m.

in unison evaluated at some arbitrary location at a distance r a
superposition after figuring out the retarded potential phasors of

b) (5 pts each) Express the corresponding radiation field phasor E
i. (z,y,2) =(d,0,0)
ii. (z,y,2) = (d,d,0)
iii. (z,y,2) =(0,0,d)
for distances d > A = 2m /k.

c) (5 pts) What would be the maximum value of average power den
at a distance of 1000 m and at which locations (z,y, z) would t

Hint: think about the topology of the radiation fields leaving the an
of the results for part (b)
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3. A small loop antenna in free space and centered about the origin "if‘{L
(far-field) radiation electric field (in phasor notation) '
e~k v

T m

E=-%2

at an observer location (z, ¥, z) = (0,7,0) when it is driven with a loop
clockwise direction when viewed from above the zy-plane. Here 7 is so

the distance of the observer from the origin.
a) (5 pts) What are the phasors E and H at distance 7 but for 8
b) (10 pts) What are the phasors E and H at distance r and ¢ = 0° for

d) (5 pts) What is the total power radiated by this loop antenna.
[ dQr?|(E x H)| integral using the result of (c) and rememberi

class.




