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QUESTION ONE {25 marks}

(a) A satellite link operates at 15GHz. The elevation angle of the earth receiver station
antenna is 30° and the latitude of ghe location is given as 30°. The rain rate exceeded
for 0.01% of an average yearis 50 %ﬁﬁ . Find the rain attenuation for 0.1% of an
average year.

{10 marks)

(b} The transmitter power of a satellite is L00W at 10GHz with an antenna having a gain
of 20dB. A receiver station on earth receives this signal with an antenna having a gain
of 40dB. If the additional losses including rain is 5dB, find the received signal strength
at the receiver input. What is the EIRP of the satellite transmitter?

(10 marks)

(c) If the efficiency of the receiver antenna is 0.65, find the diameter of the antenna and its
beam width.

(5 marks)
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QUESTION TWO (25 marks)

(a)

A satellite receiver has an antenna efficiency of 0.7. Evaluate the antenna noise

temperature under a rain with 5dB attenuation. You may assume a cosmic noise of

40°K. The physical temperature of rain and earth are 290°K and 300°K respectively.
{7 marks)

A receiver operating at 290°K with a noise figure of 8dB, receives a 2.048% QPsSK

modulated signal and the received signal level at the input of the receiver is —150dBm

with a signal to noise ratio of 27dB. Find the %’1 ratio for this signal. Bandwidth
0

expansion factor and the FEC code rate are 1.2 and g respectively.

(6 marks)

A satellite transmits 10GHz signal with 80W of power. The receiver system consists of
a dish antenna, which connects to the receiver with a waveguide. Calculate the -IC; ratio

at the output of the receiver. You may assume the foilowing data.

Transmitter antenna gain =20dB
Receiver antenna gain =40dB
Bandwidth =2MHz
Receiver antenna efficiency =0.7

Transmitter antenna efficiency =1

Physical temperature =300°K
Brightness temperature =80°K

Waveguide loss =1.5dB
Receiver noise temperature  =500°K

{12 marks)
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QUESTION THREE (25 marks)

(a)

(b)

(c)

A mobile network is based on 4 cells per cluster.
(i)  Find the co-channel re-use ratio. .
(i) Calculate the carrier to co-channel interference .
(ili) 1f 120° sector antennas are used, what is the carrier to co-channel interference
ratio.

‘ (10 marks)
A mobile service is given a 30M Hz bandwidth for uplink. If a cluster size of 4 is used,
find the grade of service of the network. Number of users in a cell are 1000. Assume a
user makes two calls of 3min duration in one hour. The channel bandwidth is 200kHz.

(10 marks)

A mobile station is at a distance of 1.5 km from the base station. The height of the base
station tower is 20m and the height of the mobile station is 1m. If the frequency band
used is 900M Hz, calculate the propagation loss.

(S marks)
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QUESTION FOUR (25 marks )

(a)

(i)  Draw the block diagram of an optical digital link and state the factors related to
the signal degradation in an optical fiber.

(i) State the factors related to the use of multimode and single mode fibers.

(4 marks)
The refractive index of the core and the cladding of an optical fiber are 1.556 and 1.526
respectively.
(i)  Draw the cross section of an optical fiber.
(i) Calculate the critical angle.
(iii) Calculate zthe acceptance angle.
(vi) Calculate the numerical aperture and relative refractive index difference.

(7 marks)
An optical link operates between a distance of 200km. Splicing is done in every 5 km.
An optical amplifier having a gain of 18dBis used in the link and the sensitivity of the
optical receiver is —30dBm. The input sensitivity of the amplifier is —25dBm. Find the
power of the optical transmitter required. What is the location at which the amplifier

must be placed?

Attenuation loss =0.2 :Ti

Connector loss = 0.3 dB per connector
Splicing loss = 0.1 dB per splice
Link margin =5dB

{14 marks)
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QUESTION FIVE (25 marks)

(a)

(b)

(c)

Draw the block diagrams for the following cases.
(i)  Time switch (T) with sequential write and random read.
(i) Space switch (§).
(iii) Time-Space-Time switch with a (m X n) array.

{8 marks)
A network is offered 1000 call attempts during the busy hour. The average call duration
is 2 min and the grade of service is 2 %. Find,
{i} the number of lost calls.
(ii) the offered traffic.
(iii) the carried traffic.
(iv) the lost traffic.

(4 marks)
A group of 30 trunks is attempted 80 calls during a period of 15min. If the grade of
service of the network is 2%, find the call holding time and the amount of traffic
carried.

(6 marks)
A local switch is connected to 550 subscribers in an area. The switch is connected to 40
outgoing trunks. If the 70% of traffic is local calls, find the probability that a Iocalr
subscriber will fail to originate a national call. Assume that the traffic generated by a

single subscriber is 0.21E.
{7 marks)
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SOME SELECTED USEFUL FORMULAE
Lp = 69.55+26.16 log F.— 13.82 log h, — a(hy) + (44.9 — 6.55 log hy) log R

a(hm) = (1.1 log Fe— 0.7)hy, — (1.56 log e~ 0.8)

F (GHz) a b

1 3.87x10° 0.912
10 0.0101 1.276
20 0.0751 1.099
30 0.187 1.021
40 0.35 0.939

hr{km):

5-0.075(¢ - 23) @ >23°

5 0°< ¢ <23°

5 0°>¢> -21°

5+0.1(@ + 21) -71%< 9 <210

0 ¢ < -71°

So.01 = 11 r;sine

" 35 exp(~0.015Rp,01)

Lp = Loy X 0.12 p~(0546+004310gP)  \yhare 0,001< P < 1%
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Erlang B Traffic Table
Maximum Offered Load Versus B and N
Bisin%

NB 001 005 01 05 1.0 2 5 10 15 20 30 40
1 0001 0005 0010 0050 0101 0204 0526 1111  .1765 2500 4286 6667
2 0142 0321 0458 1054 1526 2235 3813 5954 7962 1000 1449 2000
3 0868 .1517 1938 3490 4555 6022 8994 1271 1603 1930 2633 3480
4 2347 3624 4383 7012 86%4 . 1.092 1525 2045 2501 2945 3891 5,021
5 4520 6486 7621 1132 1361 1657 2219 2881 3454 4010 518 659
6 7282 9957 1146 1622 1509 2276 2950 3758 4445 5109 6514 8191
7 1054 1392 1579 2158 2501 2935 3738 4666 5461 6230 7856  9.800
8§ 1422 1830 2051 2730 3128 3627 4543 5597 6498 7369 9213 1142
9 1826 2302 2558 3333 3783 4345 5370 6546 7551 8522 1058 1305

10 2260 2803 3092 3961 4461 5084 6216 1511 8516 9685 1195 1468

11 272 3329 3651 4610 5160 5842 7076 8487 9.691 1086 13.33 16.31
12 3207 3878 4231 3279 5876 6615 7950 9474 1078 1204 1472 1795
i3 3713 4447 4831 5964 6607 7402 8835 1047 1187 1322 161 19.60
14 4239 5032 5446 6663 7352 8200 9730 1147 1297 1441 17506 2124
i5 478F 5634 6077 7376 g108 9010 10463 1248 1407 15.61 180 2289

16 5339 6250 6722 8100 8875 9828 1154 13350 1518 1681 2030 2454
17 5911 6878 7378 8834 94652 1066 1246 1452 1629 1801 2170  26.19
18 6496 7519 8046 9578 1044 1149 1339 1555 1741 1922 2310 2784
19 7093 8170 8724 1033 1123 1233 1432 1658 1853 2042 2451 2950
20 7701 8831 9412 1109 1203 1318 1535 17.61 1965 2164 2592 3115

21 8319  9.501 10.11 11.86 1284 1404 1619 1865 2077 2285 2733 3281
22 8946 1018 1081 1264 1365 1490 1713 1969 2190 2406 2874 3446
23 9583 1087 1152 1342 1447 1576 1808 2074 2303 2528 3015 3612
2 1023 1156 1224 1420 1530 1663 19.03 2178 2416 2650 3156 3778
5 1088 1226 1297 1500 1613 1731 1999 2283 2530 2772 3297 3944

26 1154 1297 1370 1580 16% 1838 2094 2389 2643 2854 3439 4110
27 12.2% 1369 1444 1660 178 1927 2190 2494 2757 3016 3580 4276
28 1288 1441 15.18 17.41 1864 2015 2287 2600 2871 3139 3721 4441
29 13.56 1513 1593 1822 1949 214 2383 2705 2985 32061 3863 4607
30 1425 1586 1668 1903 2034 2193 2480 2811 3100 3384 4005 4774

31 1494 1660 1744 1985 2119 228 2577 2917 3214 3507 4146 4940
32 15.63 1734 1821 2068 2205 2373 2675 3024 3328 3630 4288 5106
33 1634 1809 1897 2151 2291 2463 2772 3130 3443 3752 4430 5272
34 1704 1884 1974 2234 2377 2553 2870 3237 35538 3875 4572 5438
35 1775 1959 2052 2317 2464 2644 2968 3343 3672 3999 4714 56

36 1847 2035 2130 2401 2551 2734 3066 3450 3787 4122 4856 570
37 1919 2111 2208 2485 2638 2825 3164 3557 3902 4245 4998  59.37
38 1991 2187 2286 2569 2725 2917 32462 3664 4017 4368 5140 61.03
39 2064 2264 2365 2653 2813 3008 33.61 3772 4132 4481 52382 62.69
40 2137 2341 2444 2738 2901 3100 3460 3879 4248 4615 5424 6435

41 2211 2419 2524 2823 2989 3192 3558 3986 4363 4738 5566 6502
42 2285 2497 2604 2909 3077 3284 3657 4094 4478 4862 5708 6768
43 2359 2575 2684 2994 3165 3376 3757 4201 4594 4985 5850 6934



