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INSTRUCTIONS TO CANDIDATES

1. This question paper contains eight questions in 7 pages.
2. Answer any five questions.

3. All the notations have its usual meaning.

4. Write your answer in short and point form.

Question 1
1. State two advantages of having Hierarchical structure for PSTN networks.
(2 Marks)
2. Explain the three differences between the local exchange and RSU.
(3Marks)

3.

Imagine, the government has decided to build a technical city using land available in a rural
area. The first stage will complete by two years and estimated time for the entire project is
Syears. The area is divided into five 10km? segments. At the moment there is no ‘wired
network in the area. It is projected after two years, each state will have 5,000 subscribers
and it will increase by 15% each year till end of 5 years.

Suggest PSTN hierarchical structures for voice calls and number planning for the same.
State any assumption you have made.

(9Marks)
4. State there signaling points in the SS7 and explain function of each point.
' ‘ (6Marks)
Question 2
1. Compare the transfer time of circuit switching, packet switching and message switching.

Explain two drawbacks of message switching over packet switching.

(3Marks)
In what sense a multiple-stage switch is better than a single-stage switch? What are the
disadvantages of a multiple-stage switch when compared with a single-stage switch?

(3Marks)
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3. A 50-input, 50-output 3-stage strict sense non-blocking switching network has to be

4.

).

designed according to Figure Q2.
(1) Calculate the number of middle stage switches required.
(i)  To obtain the near minimum cross points, prove that n=5.
(i)  Compare the number of cross points in (ii) above with the number of cross points
in a 50-input, 50-output 2-stage switch with n = 5. Comment on your answer.

50
outlets

50 inlets

n k

Figure Q2
(10 Marks)

List down four factors you should consider in telephone network planning.
(4 Marks)

Q uestion 3

1.

Consider a digital communication system where an analogue signal with a bandwidth of W
Hz is sampled and converted into pulse code modulation (PCM) words. Each PCM word has
m bits. Vpp is the peak to peak voltage of the analog signal. L is the number of quantization
levels. Further, A and e to denote the uniform interval (gap) between two adjacent
quantization levels and quantization error respectively. The system is designed such that the
maximum quantization error will not exceed a fraction, p, of the peak-to-peak voltage.
- (i) Express the number of quantization levels, L, in terms of m.

(i1) Express the maximum quantization error (maximum value of €) in term of, A.

(iii)Derive the number of bits per PCM word, m, in terms of p.

(iv) What is the minimum transmission rate such that the signal can be recovered at

the receiving end? Express it in term of p and W
(6 Marks)

In a data logging application, it is required to store analog signal sent by a sensor node. It is
designed to store the data by sampling and storing the sample values. The frequency of the
signal is 9.6 kHz. In the first attempt, samples are quantized in to 32 level and later it is
changed to 64 levels. Calculate the additionally required memory space to store Sminute of
data.

(4 Marks)
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Suppose an organization leases a T-1 line between the two sites. Suppose that 32 kbps

speech coding is used instead of PCM. Explain how the T-1 line can be used to carry twice
the number of calls.

(4 Marks)
4. A Digital E1 carrier frame uses 8-bit time slots and repeats at every 125 psec.
(i) Draw the frame structure of E1 digital carrier.
(i1) Calculate the size of a single frame in bits.
(iii)Calculate the bit rate of E1 carrier
(6 Marks)
Question 4
1. Discuss the status of a telephone exchange for the following two cases:
(i) When Grade of Service = 1 '
(i1) When Grade of Service =0
(Z2Marks)
2. Starting from the Erlangs’ first formula, derive the following equation.
n+1)V(n
Vin+1) =1+ '("""‘712_(_)

1
B(n+1)

Where, V(n) = E%S andV(n+1) =

Hint: Write the Erlang B formula for a congestion of B (n) for n trunks and offered traffic
of A Erlangs. Find B (n+1) (i.e. the congestion for (n+1) number of trunks) and divide B
(n+1) by B (n).

(10Marks)

3. During the busy hour a switching systerh receives 100 célls with an average call duration
~ Of 3 minutes. If the system is consisted of 10 trunks,

(i) Find the GOS.
(11) If one trunk is added calculate the new GOS using equation derived from Q4 (2).
(iii)Hence, calculate the percentage of improvement of GOS.

(8Marks)

Question 5

1. Draw a block diagram of a typical fiber optical communication system and briefly explain -
the function of all blocks.

(5Marks)
2. Compare single and Multimode fibers on Primary attenuation, Bandwidth and Signal

quality.
(3 Marks)
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3.

OC

A silica optical fiber with a core diameter large enough to be considered by ray theory
analysis has a core refractive index of 1.50 and a cladding refractive index of 1.47
Determine: N
(i) The critical angle at the core, cladding interface
(ii) The NA (Numerical Aperture) for the fiber
(iii)The acceptance angle in air to the fiber
(4Marks)

It is required to connect two buildings with a fiber optic link. Cable length is 1kim. There are
four connectors, two in transmitter side and two on the receiver side. Receiver side

connector loss is 1dB and Transmitter side loss is 1.5dB. Cable loss is 2dB/km. Sensitivity

of the system is set to -30dB. If the system margin is 5dB, calculate the power of the light
source that should connect to the fiber in watts.

(8 Marks)
Question 6
1. Show that the phase constant is linearly dependent on frequency while the attenuation

constant is frequency independent for a lossless line.

(3 Marks)
A signal generator of impedance 600 and e.m.f. 5V at 796Hz supplies power to a 200km
open wire transmission line terminated by an impedance of 300245°Q. The primary line
constants are R =10.4Q/km ,L = 0.00367H /km, G =0.8x 10  mho / km and
C =0.00835uF / km . Calculate,

(i) Characteristic impedance
(11) Propagation constant
(iii)Velocity of propagation
(iv)Wavelength of propagation
(v) Receiving end voltage
(vi)The amount of power delivered to the load.
(10 Marks)

. Make a rough sketch of an impedance Smith chart, wifh circler=0.,1,2and x=-2, -1,

-0.5, 0.5, 1, 2 and make the open end point, short end point and perfectly matched point of
the load on it.

(4 Marks)

Explain how ybu smith chart to find the VSWR of particular load point. (You can use
sketched smith chart in (3))

(3 Marks)
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Question 7

1. Draw a labeled block diagram of a typical mobile network, including the following
components.
e Mobile Station (MS).
e Base Station Controller (BSC).
e Home Location Register (HLR).
e Authentication Centre (AUC).
e Base Transceiver Station (BTS).
e Mobile Switching Centre (MSC).
e Visitor Location Register (VLR).
e Equipment identity Register (EIR).
(4 Marks)

2. Describe the roles of the VLR and HLR. Why are these essential to the operation of the
network?
(4 Marks)
3. A full duplex cellular system, total spectrum is 30 MHz is allocated. Each simplex channel
has 10 kHz bandwidth. The network consists with 280 cells with each hexagonal cell area
of1.8km?. Four uses share each channel and two channels per cell are used for control
channels. Find,
(1) The number of duplex channels.
(ii) Total channel capacity if m = 4 and m =7, where m denotes the frequency reuse
factor. Comment on the results you have obtained.
(iii) Total number of channels per cell. Traffic channels per cell.
(iv)If cell size is increased to 3.6km?, what will be the effect to the total channel
capacity calculated in (iii) |

(12 Marks)
Question 8
1. Briefly explain the following terms related to the effectiveness of an antenna.
(i) Beam area '
(1) Beam efficiency
(iii)Effective aperture
(iv)Directivity
(4 Marks)

2. An aerial is fed with 12kW of power to produce the same strength at a given point as a half
wave dipole fed with 24kW of power. Assume the gain of a half wave dipole relative to an
isotropic radiator is 2.15dB. Calculate the gain of the aerial,

(i) Relative to a half wave dipole (
(i) Relative to an isotropic radiator
(4 Marks)
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3. Explain the QPSK modulation scheme. (Use appropriate diagram if necessary)
A message signal representing the sequence of dataD=101100 0 1 is to be transmitted
using QPSK scheme. Draw the modulated signal.

(4 Marks)
4. Write shorts notes to following topics
(i) 2W/4W and 4W/2W Conversion
(i) Call Handoff and Roaming
(iiiy OFDM
(iv) Optical transport network
( 8 Marks)

END
Supplementary materials
Erlang's B Formula
A" : A"
_ N _ A
P(N,4)=B= A 2 4B 4y X=N g%
I+ —=—+—+—+. .+ —
o2t 3 N! -0 X!
- Where: o
A = Average offered traffic
N = No of outlets (circuits)
r = No of simultaneously occupied outlets or circuits

Traffic capacity table for full-availability groups is given in the next page
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Numbse : 1 lost calf in © Number T lostcallin
- of 50 160 200" 1000 of 102 100 200 1000
rusks  (0.02) (0.01) (0.005) (0.001) wurks (0 02) (0.01) (0.005) (0.001
E £ £ £ £ E E £
1 0.020 0.010 0.005 0.001 &1 41,2 388 368 - 334
2 0.22 0.5 0.105 0046 &2 421 397 378 34.2
3 060 045 035 19 53 431 4086 385 35.0
4 7.1- 08 07 0.44 54 440 415 394 35.8
5 1.7 14 141 08 55 460 424 403 36.7
6 2.3 1.8 1.6 1.1. 86 458 413 412 37.6
7 2.9 25 2.2 1.6 67 468 442 42.1 38.3
8 3.6 3.2 2.7 21 58 47.8 451 430 39.1
5 43 3.8 3.3 26 B9 - 48,7 460 439 40.0
10 6.1 45 40 3.1 60 497 46,9 447 40,8
- n 5.8 5.2 4.0 3.6 61 506 4798 456 41,6
12 6.6 59 53 4.2 62 1.6 488 465 42.5
13 74. 6.6 §.0 4.8 63 626 497 474 434
14 8.2 7.4 6.6 5.4 64 534 506 -48.3 44.1
15 8.0 81 74 6.1 65 544 515 492 45.0
16 3.8 8.9 8.1 6.7 66 853 524 5041 45.8
17 107 96 68 7.4 67 .. 66.3 633 S&10 =~ 466"
18 1186 104 9.6 80 68 + 572 542 519 47.5
19 123 11.2 103 " 8.7 69 8.2 561 628- 48.3
20- 13.2 120 111 2.4 70 591 560 B37 49,2
21 140 128 119 101 7N - 801 670 646 &0.1
22 143 137 126 108 72 61.0 580 655 ° 608
23 167 145 134 115 73 620 68.9 664 1 R
24 166 163 142 122 74 629 B98 673 ° 526
25 126 163 15.0° 130 75 638 6Q7 682 LR
26 184 169 158 137 76 648 617 591 54.3
27 183 7.7 1686 144 717 658 < 62.6 60.0 . b52
28 202 186 174 162 73 86.7 63.6 609 56:1
29 - 2.1 186 -18.2 158 79 67.7 645 61.8 56.9
30 22,0 204 130 167 80 - 6B6 654 627 58.7
3 22.9 V212 198 174 .81 696 BE3 634 68.7
32 238 221 206 182 82 708 6§72 6A5 53.5
33 24 .7 230 214 - 189 83 716 681 654 80.4
34 . 256 238°. 223 19.7 84 724 691 663 . 613
35 26.5 246 231 e 205 85 734 700 ‘612 821
36 274 - 25,6 " 23.9 213 86 . 744 710 684 - 63.0
37 28,3 . 264 248 221 &7 754 719 63,0 61.8
38 .293 273 256" . 228 B8§ 763 728 699 64.8
39 30,1 282 268 237 B89 772 7T 708 65.8
4Q. 31.0 29.0 213 245 90 702 747 718 86.6
41 320 299 282 253 91 792 156 727 674
42 d28 308 -29.0. 261 g2 ‘8017 7686 73.6 68.3
43 338 - 31,7 298 269 83 81.0° 776 743 65.1
44 34.7 326 308 277 94 819 784 754 70.0 -
45 - 358 334 316 284 95 B29 783 763 70.9
46 366 343 325 7283 96 B8 803 772 71.8
a7 376 -36.2 333" aor 97 . 848 812 782 72.6
418 384 361 342 309 88 857 822 791 73,6 -
49 394 370 351 31.7 99 8G.7 832 BOO 4.

50‘_ | 40.3 373 359 325 100 87.6 840 8089 - 353
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