ELEC 353 — Final Exam 2019 — Solution
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1A transmission line is L =14 em long. It has speed-of-propagation u =17 cm/ns, and characteristic
resistance R =73 ohms. The load resistor is R; =200 ohms. The voltage generator V; is a pulse function

from 0 volts to 10 volts starting at /=0 and ending at /=1 ns. The internal resistance of the generator is
R, =100 ohms.

1.1)What is the voltage V, at the generator terminals at /=0.5 ns? i
; 7.14 volts | 8.89 \ 6.67 | (422) | Noneofthese |
1.2)Whatisthe voltage V, at the load terminals at =1 ns? T
[ (6.18 voits | 13.6 [ 16.9 | 11.6 | None of these |
1.3) WRATTS the voltage V, at theemepator terminals at /=1.8 ns?
[ 3.29volis | (227 ] 3.69 | 1.79 | Noneof these |
1.4)What is the voltage V, at (e load terminals at =2.n5?
\ 1.96volts | 8.04 [ (000D | 6.46 | Noneofthese |
1.5)What is the voltage V; at the load terminals at (=270 iy’

-11.9volts | -2.86 [ 0. 449 ] -5.28 [ Noneofthese |
1.6)What is the voltage V, at the generator terminals at =3~} ns?
[ -0.809 volts | -1.43 \ L0.165./ | -1.26 | Noneoflthese |
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Question 2
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The transmission-line circuit shown above has a step function generator starting at t = 0 of height V; = 10
volts and internal resistance R, = 200 ohms. The two transmission lines are identical. with characteristic

resistance R, = 50 ohms and speed of travel u = 20 cm/ns. The lengths are L; = L, = 20 cm. The load

tesistors are Ry = 120 ohms and R, = 5 ohms.

2.1What is the voltage V, across the generator terminals at = 0dng> 7%

| 6.66volts | 3.33 \ 9.80 | (2007 | Noncofthese |
3 2What is transmission coefficient at the junction? "~ =

h 0.29 | 0.67 \ (083 J | 0.76 | Noneof these |
2.3What is the voltage V,, across the junction at 1 = 1.2 ns? o

[ 2.80vols \ 1.44 | 2.54 [ (166_J | Noneofthese |
2. 4What is the voltage V, across the load at /=24 ns? /v—*—-.,

[ 169 volis \ 4.48 1 5.93 \ C030_/ | Noneofthese |
2.5What is the veMage V; across the generator at /=24 ns?

[ (T45vals /| 9.53 [ 2.28 \ 5.20 | None of these |

2.6Wharisthe voltage Vy, at the junction at 1=3.2 ns7——~

520volts | 5.93 | E 1.69

| Noneof these |

2.7What js+ke{inal value of the load voltage V; ast — @?

l None of these I

[ @¢23volts) | 9.05 \ 1.60 | 5.71
N
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Question 3
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A transmission line hasllength L = 980 cm, characteristic resistance R, =300 ohms and speed of travel u = 17
cmv/ns. The generator is a step function starting at t = 0, of amplitude ¥, =10 volts and internal resistance

R, =300 ohms. The line is terminated by a load as shown in the figure, with two resistors R;=120 ohms and
R,=20 ohms. and a capacitor C =0.1636 pF. The capacitor is initially uncharged.

IS

3. 1At whatsirmedoes the exponential charging start?

[ 5igm ] ] 424 \ 30.0 | 19.4 |  Noneofthese | 17.3
3.2Whatisthe Time constant of the exponential charging? —_ ¥ ps
L 9.00 ns, | _ 582 | 17.3 | | (‘None of these ) |
3.3What is the initial value ofthedenq voltage V, when the exponential charging starts? ~————wno— ——

‘ 1.42 volts | ( 054 / I 1.82 ‘ 102 | None of these |
3.4What is the final value of the-expogential charging of the load voltage V.7

\ 3.41 volts I L2ms ) 5.44 \ 2.24 | Noneofthese |

3.5Write the formula for the Hﬂge/z:'cross the capacitor. (2 marks)
- b=57.L2

,——-—-'___”__'
V= 1957 = .57 & i3 x5

3.6What is the value of the voltage V, at t = 107.8 ns? g
i 2.38 volts | 4.43 ‘ 2.3 1.83 | [ None of these |
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Since the units of the answers on the exam paper were “ns” the correct answer is “none of these”.
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The correct answer is “none of these”.
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A transmission line circuit operates at a frequency of 2450 MHz. The transmission line has characteristic
resistance R, = 55 ohms and speed of travel u = 14 cm/ns. The length of the transmission line is L; =
1.3751 where 1 is the wavelength on the transmission line. The load impedance consists of an inductance of
L = 14 nanoHenries in parallel with a resistance R;=30 ohms. The A.C. generator has R.M.S. value ;=5
volts. The internal resistance is R;=25 ohms.

4.1Find the impedance of the inductance in paralle] with thetqad resistance at the operating frequency.

[55.68+15.50 ohms | 67.37+29.17 | [29.43+4.10 Y 70.32+j45.68 | None of these
4.2What is-theJength of the transmission line intm

[ (7.86cm ) ‘ 6.43 | 5.00 I 357 | None of these J
4.3 What+sE magnitude and angle of the reflegtierrthetfieignt at the load?

[ 0139£795° | 0.252253.6° | (0.3062168.1° )|  0.361251.4° | Noneof these |
4.4What is the standing-wave ratio (SWR) on (Re-trarsassgion line?

| 2.13 \ 1.67 | (189 ) | 1.32 [ Noneofthese |
4.5Find the input impedance of the transmission lineireunit. e~

[ 78.30-24.98 ohms | 41.74+j2.15 | 84.55-43.80 |/ 40.85-27.03 ) [ None of these |
4.6Find the R.M.S. value of the selage V, at the input to the traTsTITiSSIon Tine.

| 4.04 volts \ (_3_.ﬁ ] BT | 3.13 |  Noneofthese |
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Question §

A plane wave travels in the = direction in a material at 1500 MHz. The relative permittivity of the material is
&, = 51 and the loss tangent is 0.05. The electric field is oriented parallel to the x axis. The amplitude of
the electric field at z=0 is 5 volts/meter and the phase is zero degrees. The material is non-magnetic.
5.1What is the value of the conductivity?

e
| 638mSm | 8.68 | 267 | (13 ) | Noneofthese |
5.2Whats the-phage constant? =l
[( 224.6 rad/meter ) | 713 [ 14.4 | 53.6 | Noneofthese |
5.3What 15 The penetration depth? J—
[ 140 m | 0.250 H] (0178 ) | 0.113 |  Noneofthese |
5.4What is the amplitude of the electric field at z %ﬂ_ﬁm”
| 1.36 V/m \ 00913 [ (os12) ] 132 | Noneofthese |
5.5What is the magnitude of the intrinsic impedanceof the material?  _—
[ 12490hms | 164.8 \ 65.1 | (527 J | Noneofthese |
5.6What is the amplitude of the magnetic field at z = 07 T
[ 4004mAm | 30.34 \ 76.22 | /9484 ) | Noneofthese |
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Question 6
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6. A plane wave in air at 3.20 GHz has amplitude £, = 12.0 mV/m and travels in the +z direction. The xy
plane is the interface between air for z <0 and plastic forz > 0. The plastic material hasg, =7.1 and is

lossless and non-magnetic. The observer is in the air at z=-1.56 cm.

6.1) What is the intrinsic impedance of the plastic material? L

| 104 ohms | 248 | 281 | (141) [ noneofthese |
6.2) What is the reflection coefficient at the surface of the plastic? ;

| -0.567 | -0.205 ] -0.146 | (-0.454 ) | noneofthese

6.3) What is the amplitude and phase of the ingideretectritfreld strengthaT The observer?

[8.00 mV/m 2-135° | 425 mV/m 2 135° [(Q20 mV/m £ 60°J 14.0 mV/m £ -45° | none of these

6.4) What is the amplitude and-ohmse-ofthe reflected electric field strength at the observer?

[2.04 mV/m £-135° [(345mV/im £120” | 872 mV/m £45° [ 454 mV/m £-45° | none of these

6.5) What is the amplitude of the electric field strength-argiepbserver?

[ 920mV/im | 43.4 | (1558 J | 14.1 | none of these

6.6) What is the power density transmitted into the p

| 57.6 nanoW/m’ | 255 | {152 /7 \ 2230 | none of these
| —
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Question 7

A wireless link is set up at 14 GHz between a transmit antenna of gain Gr = 8 dB. and a receive antenna of
gain G = 9 dB. The antennas are 4 km apart. The input power to the transmitter is 1 kW. The antennas are
lossless.

7.1What is the spreading factor for the wireless link?

[ -135 dB | <127 ) | -141 \ -147 | Noneofthese |
1 2What ;_KV\ er ﬂow deW? in microwalts per square meter at the location of the receiver?

6.17 0.32 12.37 None of these

31 38
mi

i 3\‘LhaL4s-the efiectnc area of the receive antenna?

[ £ 0.000290 m> | 0.000145 [ 0.000578 | 0.000365 | Noneof these |
7. FThpreeeive antenna is terminated in a matched load. What is the power delivered to the matched load?
[ [910nw) | 1.80 \ 2.5 | 0.18 | None of these

B ST'he-s»s%deSIgner is considering a different antenna separation of 14 km apart. What gain Gg is needed
for the receive antenna so that the received power remains the same as inguestign 7.47
[ 782dB | 6.89 | 12.02 \ { 1988 ) | Noncofthese |
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