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KXl (2) An analog signal band limited to 3.3 kHz is sampled above Nyquist rate to have
a guard band of 1.4 kHz. The samples are quantized into 4 levels. The quantization
levels Q,, Q,, Q;and Q, are assumed to be independent and occur with

e 1 1 1
probabilities P, = 5 P, = 7 Py=P,= 3
Determine the information rate of the source.
[10 marks : 2022]
Solution:

f, = 33kHz
NR =2f_ =6.6kHz
fy = NR + Guard band = 6.6 kHz + 1.4 kHz = 8 kHz
Information rate (R) = H x f

4 1
H= Y Plog,—
i=1

l

1 > 1, 4+ 1 g 1 3
—log5+ —logs+ —logs+ —lo
5 92 7 9o P 92 P 92

1 1 3 7 bits
= —+-+-—x2=—=175
2 i 2 i 8 8 4 sample
R 175 bits y 8Ksamples
sample sec
R= 14000%
Sec

m (b) A feedback control system is given by the following figure:

+ E(s) K(s+ 1)
R(s) _® S(s+2)(s +3)(s + 4) cs)

1
Find the value of ‘K’ so that there is 10% error in the steady state.
[10 marks : 2022]
Solution:
K(s+1)

GHS) = Sev2(s+3) 5+ D)

type = 1

, 1
E,, for ramp input = P
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. K
K, = ImSGH(s) =

i 24
Given Ess = 10% = 0.1 = ra
- K = 240
But this is valid only if the system is stable for this value of K.

q(s) = s* + 953 + 2652 + S(K+ 24) + K=0

st 1 26 K
s? 9 K+ 24
210-K

& -— K

9
s [ 14%?8)(_6: 30.79) Stable 0 < K < 140.75

9
s° K
. . ) 24

The Maximum value of K = 140 for stability for this K, e, = 120" 017 =17%

Hence for no value of K, e,  can be 10%.

End of Solution

Xl (c) By taking suitable examples, differentiate between concurrency and parallelism
in the context of processes in operating systems.

[10 marks : 2022]

Solution:

Concurrency Parallelism

1. Concurrency is the task of running and managing | 1. While parallelism is the task of running multiple
the multiple computations at the same time. computations simultaneously.

2. Concurrency is achieved through the interleaving | 2. While it is achieved by through multiple central
operation of processes on the central processing processing units (CPUs).
unit (CPU) or in other words by the context
switching.

3. Concurrency can be done by using a single | 3. While this can’t be done by using a single
processing unit. processing unit. It needs multiple processing
units.

4. Concurrency increases the amount of work | 4. While it improves the throughput and
finished atatime. computational speed of the system.

5. Concurrency deals lot of things simultaneously. 5. Whileitdo lot of things simultaneously.

6. Concurrency is the non-deterministic control flow | 6. While it is deterministic control flow approach.
approach.

7. InConcurrency debuggingis very hard. 7. While in this debugging is also hard but simple
than concurrency.

End of Solution
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x+2y

Z2

KXl (d) Given magnetic field H = 3, +§éz Almin free space, evaluate - dL,

L
where the anticlockwise closed path for the integration is the boundary defining
the closed surface2m<x<3m,3m<y<6mandz=3m.

[10 marks : 2022]

Solution:
. = +2y . Z -
Given, g=XteYs (24
P X z
z 2
y
5 d c
3 ________ 1 1 b
2 3 x

In Cartesian coordinate system

]
=~
T
Q
-~
Il
1
—T
+
—0
+
—Q
+
—0
1
I
Q

b

[A-d

a

For path ab, y=3=dy=0

z=3=dz=0

b 2 3
JF/'O'Z = jx+3ydx= x+6dx=l-x—+6x
2 A 9 9 2 .

H-dL

T—0

For path bc;

|
w
U
e
I
o
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H-d

© ="

For path cd; y=6 = dy=0
z=3 =dz=0

2
ol = [ p g 1Y L
A 9 9 2

O —Q
I

xX=

WA ol (2| @2 811 2 28
al2 2 ol2 2] 9 2 18

a
JFI-O’[:
a

Path da ; x=2 =dx=0

17 29 12 -2

15 18 18 3

= Q=0

H-dL

End of Solution

m (e) What is the importance of oxidation in VLSI technology? Which types of oxidation
are used to grow gate oxide and field oxide in the fabrication of NMOS transistor?
Justify your answer.
[10 marks : 2022]
Solution:
Oxidation is the process of growing oxide layer on the top of the substrate.

® |nadevice fabrication oxide act as mask during diffusion process of impurity for doping
purpose. Therefore window creation is done in oxide for selective doping process.

e Oxide is also used for isolation purpose between two devices in integrated circuits.
® Oxide specially SiO, acts as dielectric and insulator.
e SiO, is used as gate oxide in MOS devices

Oxidation are of two types: (i) Wet oxidation, (ii) Dry oxidation

Si+0, M&og Dry oxidation
Si+H,0—22C ;sio, Wet oxidation

e Dry oxidation is a slow process (growth rate is slow) but quality of oxide is good.
Hence for gate oxide fabrication, dry oxidation is preferred.

e \Wet oxidation is a fast process (growth rate is high) but quality of oxide inferior compare
to dry oxidation.

Since field oxides are thick and are generally used multiple times in device fabrication

hence wet oxidation process is preferred for field oxide growth.

End of Solution
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m (f) Two stations have LOS communication link with half-wave antenna at 200 km
distance. If the transmitter transmits 10 kW power at 300 MHz, what is the
maximum power received? The directivity gain of each antenna, is 1.6.

[10 marks : 2022]

Solution:

Giventhat, d=200kms; P,=10kW; f=300MHz

_ C_ 3x10° mi/sec

A= =2 & HP2
f 300x10%1/sec

Gt= Gr=16

P =2

r

p_ PtGtGr_10x10°x1.6x1.6

(4nd)2 4 200x10% )
A 1

4
p o 10 x16x16 _ ) 4508109 W= 4.0528 W

" (4n)Y x 4x 10"

End of Solution

(a) A double sideband-suppressed carrier (DSB-SC) modulated signal with message
bandwidth of 5 kHz and carrier frequency of 250 kHz is transmitted over a noisy
channel. The power spectral density (PSD) of the channel noise is as shown
below:

Frequency (kHz)
-500 0 500

Coherent receiver is used for the demodulation.
(i) Obtain and plot the PSD of the noise at the receiver output.
[12 marks : 2022]
(ii) Assuming that the average power of the modulated wave is 10 Watts,
calculate the output signal-to-noise ratio of the receiver.
[8 marks : 2022]
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Solution:

Given message bandwidth —» W =5 kHz
f. = 250 kHz

A Sy (f)
|

| 1076 W/Hz

SN(f)

PSD of —_—
channel noise

fikHz)
-500 0 500

Given that coherent receiver is used for DSB — SC demodulation.

(i)

Spsp () <—

—250 kHz 0’ 250 kHz —f
10 kHz 10 kHz

PSD of noise effecting transmitted DSB-SC signal can be obtained by passing received
signal through narrow-band filter of bandwidth 10 kHz and centered about f, = 250 kHz.

flkHz)
—500 K 0 T 500 K

f, =250 kHz
“7BW = 10 kHz
Since bandwidth of the filter is small compared to the carrier frequency f,, we can
approximate the PSD of resulting narrow band noise of n’(t) to be flat at the level of
0.5 x 10 W/Hz.

A Sy(f) 10 kHz
PSD of narrow 0.5%x10°°

—250 kHz lo f, = 250 kHz
Received signal — x(f) = Spgg(t) + (1)
where n'(t) is the narrow band noise which is interferencing with transmitted DSB-SC
signal.
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n(t) = A,m(t) cos 2rf t+ n/(t) cos 2nf t - n’q (t) sin2nf t
Where n/(f) and n:](t) are imphase and quadrature components.

y()

x(t)—>| Multiplier}_.| LPF ’_._

cos2nf t

0 = 220 1

PSD of n/(t) produced at filter output—
Sl = SF =)+ Sy(F+1£) .. =W S FSW

107
10 kHZ TS,Ni(f)

0 —f
(ii) Given Avg. power of the modulated signal = 10 Watts

Ag’Pm _
—5 =10

(SNR) g =7

O/P signal power = Power [ ;

Ac m(t)} _AZP,

i

ni(t 1 ,
O/P Noise power = Power [#} =2 x Power[n/(t)]

(SNR) o = AR,  2x10Watts
OF ~ Power (1) ~ (10x10%)x (10°)

Power[n/()] = Total area under Sy, (f) = 10x 10% x 10°°

(SNR)yp = 1(2)—?2 = 2000 =33 dB

End of Solution

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in n



mnDE EASY ESE 2022 Main Examination

India’s Best Institute for IES, GATE & PSUs Electronics 8- Telecom. Engg- PAPER'”

(b) A feedback control system is shown in the following figure. The controller and
process transfer functions are given as

s+40
GC(S) = Kand G(s) = m
and the feedback transfer function is H(s) = (s+120) .
N\ E.(s) Controller Process
RO G.(5) &) Y
Sensor

H(s)

(i) Determine the limiting value of the gain ‘K’ for a stable system.
[8 marks : 2022]
(ii) For the gain that results in marginal stability, determine the magnitude of the
imaginary roots.
[4 marks : 2022]
(iii) Reduce the gain to half the magnitude of the marginal value and determine
the relative stability of the system by shifting the axis and using the Routh-
Hurwitz criterion.
[8 marks : 2022]
Solution:
q(s) = 2+ 30s° + (200 + K)S+40K=0
(i) 0 < K< 600 Stability condition
(ii) for K = 600; Marginally stable

for this K= S = +/y800

Magnitude of roots = 28.28
(iii) For half of above value of K
i.e., K = 300
q(s) = s® + 3052 + 500s + 12000 = 0
s =-27.624,-1.18+,20.8
The system is stable = —1 £ 20
Replacing S — s—1
q(s) = 3 + 2752 + (K + 143)s + (39K - 171)
Obtaining ‘K’ for stability K < 336

Approx value of K for roots to lie on s = 1 line is K= 300
for K= 600 for K= 300

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in n




mnDE EASY ESE 2022 Main Examination

India’'s Best Institute for IES, GATE & PSUs Electronics & Telecom. Engg PAPER-II

>’< j28.28 X
AV

X% a3
=27 -1
j28.28 X
End of Solution

(c)

Solution:

(i)

Consider a simple system running a single process. The size of physical frames
and logical pages is 16 bytes. The RAM can hold 3 physical frames. The virtual
addresses of the process are 6 bits in size. The program generates the following
20 virtual address references as it runs on the CPU : 0,1, 20, 2, 20, 21, 32, 31, 0,
60, 0, 0,16, 1, 17, 18, 32, 31, 0, 61. Note that the 6-bit addresses are shown in
decimal here and assume that the physical frames in RAM are initially empty and
do not map to any logical page.
(i) Translate the virtual addresses above to logical page numbers referenced
by the process. Assume pages are numbered starting from 0,1,2, ... .
[10 marks : 2022]
(ii) Using First In First Out (FIFO) page replacement algorithm, calculate the
number of page faults generated by the accesses above.
[5 marks : 2022]
(iii) Using Least Recently Used (LRU) page replacement algorithm, calculate
the number of page faults generated by the accesses above.
[5 marks : 2022]

Unique addresses in the given sequence is
Page: 6 bit address
P, [00jo000 1 0
P, [00l0001 2 9
P, [01]o100 : 20
P, [00jo010 2 2

P, 010101 : 21
P, [10]Jooo0 : 32
P, 011111 : 31

P, [11]1100 : 60
P, [010000 16

P, [01]0001 117

P, [010010 18

P, [11]1101 : 61
Address size = 6 bit
Page size = 16 B
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I 6 bit I
Address format: P d
2 bit 4 bit
Address Page
0 P,
1 P,
20 P,
2 P,
21 P,
32 P,
31 P,
60 P,
16 P,
17 P,
18 P,
61 P,

(ii) FIFO:

Page references:

o B 1200 035 07 20 055 02 03, 5 ) 0% 22 03 300 020 020 2 15 2
Py- M

P P{ P, Py - Hit
P, -M
P | PP P, - Hit
Ps P, P; - Hit
P, - Hit
MM P,- M

P, - Hit

Py - Hit

Number of misses = 8 P.- M

3

(Number of faults) Py- M
Py - Hit

P, -M

Py - Hit

P, - Hit

P; - Hit

P, - Hit
P, - Hit
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(i) LRu:
P,-M  Py—-H P,-M  P,~H P,-H P,—-H P,-M
P2
P, P, P, P, P,
P, P, P, P, P, P, P,

P, Py P, Py P, P,
P, P, Py Py Py Po
P, P, P, P, P, P,

P, P, P, P, P, P, P,
P, P, P, P, P, P, P,
P, P, P, P, P, P, P,

Number of misses = 6
(Number of faults)

End of Solution

(a) Indigital audio system, the analog audio signal with peak-to-peak voltage 'V, ' is
sampled and uniformly quantized into L levels.

(i) Show that the ratio of peak signal power to peak quantization noise power

Nq peak
[10 marks : 2022]

(ii) If the samples are encoded with PCM, determine the bit rate in bits per

second for (iJ = 84 dB. The sampling frequency is 44.1 kilo samples
9 Jpeak

per second.
[10 marks : 2022]
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Solution:
(i) Given that message having peak to peak voltage of Voo
Number of quantization levels = L
Let message signal having uniform density function

TfM(m)
1
2V, v,
Vp-p
—Vp 0 Vp —>m Ry
P
Vpp
Vo
S= E[m?]= j m?f, (m)dm
_Vp
1 mi|? 2y
2, 3|, 6V 3
We have V —2v—>v—v"—"
e~ T p P~ 2
2
Ve
12
2

. L L . A
For uniform quantization; Quantization noise power Nq =13

Vv

where A= L2
L

2
1 Y
127 |2

2 2
_ VDP/ Vo
12/ 12x[?

L2

S

2
(ii) Given N_q =L

where L=2"

S
[N_qJ = 10 log 22" ~ 6n dB
aB
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S
Given, [N_J = 84dB
q/d8
6n = 84
n=14
. Samples
fy = 44.1 kilo Sec

bit rate (R,) = nf, = 14 x 441K
R, = 617.4 kbps

End of Solution

(b) The system shown in the following figure is a two input-two output system. Derive

Ci(s)
Ri(s)

the expressions for , Where i and j represent the number of inputs and

number of outputs respectively in the system.

R, + G, C,
L GZ
Il
R, + G, C,

[20 marks : 2022]

Solution:

C, -GGG,
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C, G,
R, = 1-GG,GsGs

End of Solution

(c) (i)

Solution:

Let ‘f’ be the clock rate of a digital computer, ‘N’ be the number of machine
instructions to be executed in a program on the digital computer, ‘p’ be the
number of processor cycles needed for the instruction decode and
execution, ‘m’ be the number of memory references needed and ‘K’ be the
ratio between memory cycle and processor cycle. Derive the expression
for CPU time needed to execute the program assuming single instruction
type in the program.
[15 marks : 2022]
A given application written in the same programming language runs
12 seconds on a processor. After release of a new compiler for the same
language, it requires only 0.5 as many instructions as the old compiler, but
it increases the Cycles Per Instruction (CPI) by 1.2. How fast can we expect
the application to run using this compiler?
[5 marks : 2022]

(i) f:CLKrate

y
Cycle time = ?sec

Number of instructions = N

Pcycles required to decode and execute the instruction.

M .
K= ) {Ratio of a memory cycles and processor cycles}

M=K-P
Memory cycle = K- P processor cycles
Program executiontime = Fetch time + Execution time

= [(NxKP)+(N- P)]% sec
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(NKP + NP); sec

NP(1+ K); sec

(i) ET,q = 12sec
ETnew = (0'5 *1.2 % 12) + (0-5 * 1) =7.7 sec
ET, 12
Speedup = —24 == -455
PeedtP = .. " 77

new

End of Solution

KX} (2) Binary data at a bit rate of 10* bits/second is to be transmitted using binary FSK.

(i) If the FSK signal is transmitted over binary symmetrical channel with noise
spectral density N, = 2 x 10~° Watts/Hz, determine the channel capacity
required for error free transmission. The average power of the FSK modulated
signal is 1 Watt and assume that binary 1 and binary 0 are equiprobable.

[8 marks : 2022]

(ii) Draw the block diagram and show the non-coherent demodulation of FSK.
What should be the minimum separation between the two carrier frequencies
representing binary 1 and binary 0? Determine the bandwidth of the
bandpass filters used in the receiver system.

[12 marks : 2022]
Solution:
(i) R, = 10*bit/second
N, = 2 x 107° Watts/Hz
Power of FSK modulated wave — S = 1 Watt

Channel capacity C = Blog, (1 + %) B = Channel B.W

FSKBW = (f,— 1) + R,
(.- Assuming that binary sequence is represented with Nyquist pulses)
Since coherent/Non coherent FSK is not given

n
fu—1 = ﬁ
Defaultn = 1
y
fH_fL= ﬁ:lqb

FSKBW = R, + R, = 2R,
Channel BW (B) > Signal B.W
Default channel BW = Signal B.W only
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I'IIFIDE EASY

B=2R,
Noise power ‘N = N,B
= Nyx2R,

C

Blog, (1 + %)

C = 2R, log, 1+L
Ny x 2R},

;
= 2x10%*lo (1+ )
% T 105 x2x 107

C = 36147 bits/sec
C = 36.147 kbps

(ii) To maintain orthogonality between FSK waveforms
n

f,—f = —

H L Tb

To maintain minimum separation between FSK frequencies — n =1

1
fH_fL: ﬁ:lqb

Non-coherent demodulation of FSK waveforms:

1 — Acos2nfyt

0—->0V
N 00V (1) = A;\ 1
BPF1 ED1 - -
= S T et
1 — S,(f) = A,cos2nf,t V,, | Decision 0
_ Making ———
0 — S,(t) = A,cos2nf; t \ device
Envelope Vin
detector 2
150 1->0V
0—-A,

0 — A cos2nf;t

By assuming that binary sequence is represented with Nyquist pulses, band pass
filters should be as follows:

BPF1 —~ B, =R,
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VH
BPF2 By-R,
0 R f R
S
Bandwidth of bandpass filters should be equal to ‘R,
ALTERNATE
The block diagram of non-coherent demodulator of FSK is as shown below:
P
Band pass Envelope
filter detector
fi
FSK Timing isi
ulse D;?::sulic:n Output
Signal P
Band pass Envelope
filter detector P,
f

The incoming FSK modulated signal is applied to both baseband filters BPF, and BPF,
having their pass bands centred at f, and £, respectively. Assume a carrier pulse of
frequency f,(binary ‘1") is received, the envelope detector 1 outputs a non-zero envelop
P,(t) and P,(t) is approximately equal to 0. When a carrier pulse of frequency
f,(binary ‘0’) is received, the envelope detector 2 outputs a non-zero envelope and
P,(t) is approximately equal to 0. Based on the detected envelops, the decision circuit
recovers the baseband digital signal

For orthogonality between non-coherent FSK signals, the minimum frequency separation
is 1/T, where T, is the width of transmitted Dbit.

1

f—f = _:Rb
1 2 Tb
f,—f, = 10°Hz

when binary ‘1’ is transmitted, the spectrum is as below:

Tl /N

- T, —
b f—UT, £ £+ 1T,

Similarly, when binary ‘0’ is transmitted, the spectrum is as below:

T — /N

f=1T, f, f+1T,
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Hence, the bandwidth of the bandpass filters used in the receiver system is given by

11 2

S A

BW = 2 x 10* Hz = 20 kHz
FXH (b) A system is represented in state variable form as

dx

— =Ax+ Bu

at

y = Cx + Du,

where,

A= o=

C=[10]and D = [0]
(i) Determine the characteristic equation.
[5 marks : 2022]
(ii) Sketch the root locus of the system.
[10 marks : 2022]
(iii) Test the stability of the system.
[5 marks : 2022]

Solution:
q(s) = sl - Al =1
(i) qs) =2+ K,+4=0
ii GH Ks
—j2
RLD:
—j2

(iii) Stable for 0 < K< o

m (c) Write a code or pseudocode (in any standard programming language) to check
whether or not there exist two elements in a given array X[ ] whose sum is exactly
‘S’. Consider that array X[ ] has ‘N’ numbers and ‘S’ is another number. Also
write the comments for the lines in your code or pseudocode.
[20 marks : 2022]
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Solution:

Given array X[ |, another number ‘S’ of ‘n’ elements.
Determines whether (or) not there exists two elements in X[ ] whose sum is exactly S.
Eg. Input: X[ ] =1{0, -1, 2, -3, 1}
S=-2
O/P : Pair with a given sum “-2” is {-3, 1}
So valid pair existed.
Eg. Input: X[ ]1={1,-2,1,0, 5}
SEN0
O/P : No valid pair exist for “0”.
Here, first sort the Array and find the sum value with pair the elements.
Pseudo Code:
Step 1 : Take the array with ‘n” elements and initialize the values and also fix the sum value
S
(X[ 1, size, S)
(N)
Step 2: Sort the array in ascending order.
Step 3: Initialize two index variables to find the candidate elements (pair elements) in the
sorted array.
e |[nitialize first to the left most Index / = O
e |nitialize second the right most index r= N— 1
Step 4: While (I < 1)
o [f(X[/]+ X[r] ==S)thenreturn 1.
e FElseif (X[/] + X[r] < Sum) Then /++
e FElser-
Step 5: No pair in the whole array then return 0.

End of Solution

(a) The carrier signal c(f) = 8 cos (2r x 108 t) is frequency modulated by a modulating

signal m(t) = 5 cos (2000 =t) + 6 cos (3000 =t). The frequency sensitivity of the
modulator is 10 Hz/volt. Obtain the time domain expression for the FM wave
and calculate the maximum frequency deviation, modulation index, transmission
bandwidth (using Carson’s rule) and average power in the FM wave.

[10 marks : 2022]

Solution:

o(t) = 8 cos 2r x 10%¢
m(t) = 5 cos 2000pt + 6 cos 3000mrt

S, () = A cos[ZchCt + 2nkfjm(t)dt]
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_ 8008[2n T B (SSanOOOnt . 6S|n3000nt)]

20007 3000m
Se.(t) = 8 cos[2r x 10°t + 5sin2000mxt + 4 sin3000m]
Maximum frequency deviation Af = K, IM(t)lmax
Af=10%x (5 +6) =11 kHz

Af 11K
ioni = =——=7.33
Modulation index, B r 15K
Transmission BW = 2[Af+ £ ]
= 2[11 kHz + 1.5 kHz] = 25 kHz
2
Average power = % = 6—24 = 32 Watts
I
(b) Prove that the Z-transform of a sampled unit ramp signal is given by F(2) = ﬁ .

Z_

[10 marks : 2022]

Solution:
R
amp AT
377
o |
A
e | | t
T T
1) = tut)
A2 = 2, f(nT)z™"
n=0
=0+ Tz +2Tz22+3Tz3+ ...
=Tz"+2z2+3z% + ....]
S=ar+2arf+3ar +4art + ...
. ar
(1-r)?
RZ)—L ..a_T.r_Z1
S (1= T
Tz
Z) =
H2) Z_

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in n



mnDE EASY ESE 2022 Main Examination

India’s Best Institute for IES, GATE & PSUs Electronlcs 8 Telecom. Engg. PAPER'”

(c)

Solution:

(i)

(i)

Consider the following code segment in a function of a process:
int *y = (int *) malloc (20 * sizeof (int));
When this function is invoked and executed:

(i) Where is the memory for the variable ‘y’ allocated within the memory image
(heap/stack) of the process and why?

[5 marks : 2022]

(ii) Where is the memory for the 20 integer variables allocated within the memory
image (heap/stack) of the process and why?

[5 marks : 2022]

“w,on

Memory of the “y” will be allocated in the heap area
Because here we are given keyword malloc is (memory allocation)

malloc

The size of memory will be 1
(20 K size of integer)

(20 + 2B) Mostly size of

T | integer will be (28)

(40 B)

The size of memory will be —|_>

Memory size (40)B created in heap area and
memory slot will be not fragmented means
40B memory created without any partition —

Ex:

40B

Memory of 20 integer is created in hoop area due to dynamic memory allocation keyword
malloc of the memory is not in fragmented formate as 7 told solution 1. Also like malloc
keyword of if we use [calls 6] then memory is created in heap.

Area with same size but memory is fragmented in 2 byte each due to integer is given
inside (size of).

Hence in malloc memory looks like

408

In calloc memory looks like j

I 40B I
Continuous

Allocative 2B | 2B | 2B | 2B —> 20times
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(1) int *y = (int *) malloc (20 * sizeof (int));
(2) int*y = (int *) calloc (20 * sizeof (int));

\—l—‘

This tells create integer size
memory into heap area
that is (20) in numbers

int *y = (int *) malloc (20 * sizeof (int));

(d) A half-wave dipole situated with its center at the origin in free space radiates a
time averaged power of 600 Watts at a frequency of 300 MHz. A receiving half-
wave dipole antenna is placed at (300 m, 90°, 40°). It is oriented so that its axis
is parallel to that of the transmitting antenna. Determine the available power at
the receiving antenna. The directivity of half-wave dipole is 2.15 dB.

[10 marks : 2022]

Solution:

| |

fe—— r=300m —|
P..,=600W

avg

f=3x108Hz

From Friis transmission formula;
p_ RGu Gy
r (‘WT
A
~ Both T .- R_are half wave dipole antenna

. Gy=G,=215dB
= 2.15 = 10log10 G,

= G,= 164
8
Now, p - 6OO><1.64><21.64 K:E:3X108:1
(475300) f 3x10
]
P.=0.113mW
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(e) What is the advantage of using a PLA over ROM in the realization of a

combinational function? Realize the following Boolean function ‘F’ of three variable
by storing appropriate values and settling proper inputs to a cascade of 2-input
look-up tables (ROM) with only one bit output as shown below:

F(A,B,C)=X(0, 1,83,5,6,7)

2-input LUT/ROM

Al —

2-input LUT/ROM

A0

_________ MSB

2-input LUT/ROM LSB

B1 ——

BO ——

[10 marks : 2022]

Solution:

In PLA, both AND and OR arrays are configurable unlike in ROM where only the OR gates
array is configurable. PLAs are more flexible than ROMs
e No need to have 2" rows for ninputs.
e Only the minterms that are required can be generated unlike ROM where all the minterms
are generated by OR array.
e |t can take advantage of logic simplification.
Consider the given function
F(A B, C) =%(0,1,3,5,6,7)
Simplifying the above expression using K-map,

BC

A 00 01 1 10

ol 1+ [[ 1] 1

1 1 [ ]] 1
I
v
AB C AB

F= AB+AB+C=A0B+C

The above function can be implemented using the cascaded 2-input look up tables (ROM)
shown below :
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,
A—> 0 Ae B
c—= 0o |
1
MSB ]
0
____________ — F
0 Ae B+C
1 LSB [C 1
PR
— 0 (OR Gate)
c— 0o | AC+AC=C
______ ——

End of Solution

(f) A TCP segment consisting of 1500 bits of data and 160 bits of header is sent to
the IP layer, which appends another 160 bits of header. This is then transmitted
through two networks, each of which uses a 24-bit packet header. The destination
network has a maximum packet size of 800 bus. How many bits, including headers,
are delivered to the network layer protocol at the destination?

[10 marks : 2022]

Solution:
Given that,
Data + Transport layer = 1500 + 160 + 160 = 1820 bits
The data field of destination network has packet size is
800 -24 = 776 bits
Three network packets are needed
Total bits delivered = 1820 + 3 x 24 = 1892 bits

End of Solution

KX) (a) A 100 MHz uniform plane wave is propagating in a lossless medium in positive
z-direction. The medium has e, = 9 and pu, = 4.
(i) Determine the propagation constant, wavelength and phase velocity of the
wave.
[8 marks : 2022]

(ii) Assuming electric field in x-direction and magnetic field in y-direction, obtain
expressions for Poynting vector and average power of the wave. What will

be the average power if Ex0 =400 V/m?
[12 marks : 2022]
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Solution:
Givendata:f=100x 10°Hz; €,=9; u,=4
Lossless medium
(i) (a) Propagation constant;y
For less medium; oo = 0

B = ofue =al,€, = U €,
= B= %\/Urer

21 x100x10° JAx9 = 2 x 10°

= X2 = 47'5
- g 3x10° 3x10°
= B = 4mrad/m
(b) Wavelength; A :
_2n =221 osm
A B 4n 2
v=05m
(c) Phase velocity; Vy
6
o= o _2nf _2rx100x10 —50%10°
B B 4t
v, = 50 x 10% m/s
(ii) Assuming, wave propagates in +zdirection
In phasor form,
E(z) = E,e P23,
H(z) = He™a,
= H(z) = Hyea,
. Poynting vector; P = ExH
= p = Ee a4 xHe 4,
= P = E,He % (a, xa,)
Eg —j2Bz 2 [ 5 Eo :|
5 = —2e’%%a, Wm2 =2 =q
- a n 2 H,
Also, Pag = %Re[ExF/]=%Re[EOe"BZéXxH;e”BZéy]
1 5 2 1 E 2
- ERe[/_fO/Lrg(aX x&)]|= ERelEOTO aZ]
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2
Pavg = E_To]éz W/ m?
Now, for E, , =400 V/m
- 400)° .
Ffavg - éx Bg)n & W

[ n=120r \/Ez 1201c\/E = 120n><g= 80n:|
g 9 3

wg = 318.318, Win?

, 0l

End of Solution

m (b) Write an 8085 program to generate an approximate digital clock by utilizing the
delays associated with different instructions. Assume that the 8085 microprocessor
is operating at a clock frequency of 3 MHz and a display routine is available to
display the binary contents of memory locations 2700H, 2701H and 2702H
corresponding to hours, minutes and seconds of a digital clock respectively.

[20 marks : 2022]

Solution:

To write an 8085 assembly program to design a digital clock for hour, minute and second at
memory locations 2700 H, 2701 H, 2702 H, f= 3 MHz.

Assuming a delay program for 1 second and display subroutine, the following program is

implemented
Start : LXI  H, 2700H
MVI M, O0H
:\’;‘3/(' K'/I oM Initializing hour, min, sec as 00:00: 00
INX H
MVI M, OOH )
MVI C, 00H ;Counterfor 60 sec
AGAIN: CALL display
CALL display sec
INR C
MOV A, C
DAA
STA 2702H
CPI 60H; tocheck, sec =60 or not
JNZ AGAIN
MVI  C, O0H
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LXI' H,2701H
INR M

MOV A, M
DAA To check min = 60 or not
CPI 60H

JNZ  AGAIN
MVI M, 00H
LXI H,2700H
INR M

MOV A, M
DAA To check hour = 24 or not
CPI  24H
JNZ  AGAIN
MVI M, 00H
JMP  Start

End of Solution

m (c) A continuous 12 km long optical fiber link has a loss of 1.5 dB/km.
(i) What is the minimum optical power level that must be launched into the fiber
to maintain an optical power level of 0.3 uW at the receiving end?
[10 marks : 2022]
(ii) What will be the input power required, if the fiber link is increased by 100%
and fiber loss is reduced to 1 dB/km?

[10 marks : 2022]

Solution:

(i) Giventhat, L=12km; o=15dBkm; P ,=03pW; P =7
P = Pin 10-aL/10

out

_15x12
03uW = B,.10 10

0.3uyWw  0.3uWw
Po= —Tsx12 = 1018 =18.93 uW

10 10
(ii) Given that, the fiber link is increased by 100%

L= L+100% L= L+19 o
100

L =2 x 12 kms = 24 kms
o= 1dB/km

P, = 0.3 W = P, 10-0L/10
0.3 pW = Pin 10-1x24/10
0.3uwW _
n = W_ 7585 IJW

End of Solution
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(a) Acertain lossless transmission line is 1.6 m long and has characteristic resistance
R, = 500 Q. The line is operating in air and frequency of operation is 500 MHz.
(i) The line is terminated with a short circuit. It is observed that the maximum
voltage at any point on the line is 11.56 volts. What will be the magnitude of
input voltage? Determine the current through the short circuit.
[10 marks : 2022]
(ii) The short circuit is replaced by a resistance load of 200 Q. The input voltage
is varied so that 100 Watts of power is delivered to the load. Find the
reflection coefficient, voltage standing wave ratio and power in the incident
wave.
[10 marks : 2022]
Solution:
Given data, / = 1.6 m; R, = 500 Q; f= 500 x 10° Hz
(i) From the question o N\ vg
Vmax = VO+ [1 + |F|:| S/IC
For short circuit line, r=ff_ ° . ,
R+ Ry z=1 5 z=0
= I =1
= 1156 = Vg [1+1]
_ \/5:—”'256=5.78v = =578V
J Bz VO_ +/BZ
- —eht-_—¢
Now, I1(2) = Z Z
Atz— -z
o VS
IS(Z) — ie/ﬁz _&e_/BZ
20 20
Vi Vv W 73
At z=0, Is(z=o)=i_i=i1_%
zy 79 Fy W
cospl  jZ Pl
1 [ 28y
Now, = | Jjsinpl
I, —— cosPl || I,
Z,
Here, V, =0, 1, =0.023A
2n
= —x1.6
Bl=~
8
- 9=3x108 -06
f 5x10
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Bl= 2% «16=1675
0.6
= cosp/ = -0.5
sinf/ = -0.86

V) = jZsinBl1,
/500 x —0.86 x 0.023
—/9.89 ~ 10/-n/2

. Input voltage, V) = 10£-m/2V
5.78 5.78
=0)= —|1-T|=——x2=0.023 A
= I(z=0) = 55 l1=T1=555

Current through short circuit, 7, = 2.312 mA
(ii) N vy N\, 100 W

o
D R, =200 Q

(a) Reflection coefficient; I':

L _A-FRy_200-500_-3
" R +R, 200+500 7

(o) Voltage standing wave ratio; S:

1+l 1+3/7 10

= = =—=25
S=1r " 1-8/7 4
(c) Power intheincident wave, P, :
As, power delivered to the load;
2
6|
p ={1+ITP ‘—
L { } 2R,
= P, ={1-1T3P,_
P 100
= P = = =1225W
inc 1—|F|2 . §2
7
P =1225W

End of Solution
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(b) Realize a ‘sum’ output of a full adder by using appropriate number of circuit
blocks shown below and inverters.

Sum=((A®B)® C,)

INO IN3

(Circuit Block)

ouT

The circuit block has six inputs INO, IN1, ... IN5 and one output ‘OUT".
[20 marks : 2022]
Solution:
Sum = (A®@B)® C,)
From the given circuit block, the XOR operation can be implemented as below:
A
A

- 1

. v=A0B |
A

A
The operation of the circuit can be explained as below

° If Ais O, both transistors in the inverter will always be in cut-off. Thus, the inverter
doesn't affect the output. The output will be equal to B passed by the transmission
gate.

o If Ais 1, the inverter acts like an inverter passing the complement of B to the output.
The transmission gate doesn’t affect the circuit because it is in the blocking state.
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The sum output of full adder can be realized using the given circuit block as below:
Y=(AOB)OC,

|

End of Solution

(c) (i) Atelephone network consists of two end offices and one intermediate switch
with a 1 MHz full duplex trunk between each end office and the intermediate
switch. The average telephone is used to make four calls per 8 hour work
day, with a mean call duration of six minutes. Ten percent of the calls are
long distance. What is the maximum number of telephones an end office
can support?

[10 marks : 2022]

(ii) In a pure ALOHA system, the channel bit rate is 2400 bits/second. Each
terminal transmits a 100 bits message every minute. Determine the maximum
number of terminals that can use the channel.

[10 marks : 2022]

Solution:

(i) Giventhat, Fullduplextrunk = 1 MHz
The average telephone is used to make 4 calls per 8 hour work day with a mean call
duration of 5 minutes.

4_1_ 0.5 Calls/hour
8 2
The mean call duration of 6 minutes is
= 0.5 x 6 = 3 min/hour
The 20 telephones can share the circuit in an hour.
Given 10% of calls are long distance so 200 telephone can share a long distance

circuit.

The number of circuits = W =250 circuits
4 kHz

The maximum number of telephones support are
= 250 x 200 = 50000

(ii) Given that, pure ALOHA channel bit rate is 2400 bps.
Each terminal transmits = 100 bits/minute.
Let the number of terminals be N.
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Maximum channel bandwidth for pure ALOHA is 18.4% of channel bandwidth i.e.
18.4% x 2400 bps.

18.4 100 , .
——x 2400 bps = v
100 P N x 50 bits/sec
_ w=264_962265
100

End of Solution

EXY (a) Anairilled rectangular waveguide is to be constructed for single mode operation
at 15 GHz. The design condition is that the frequency is 20 percent higher than
the cut-off frequency for the fundamental mode, while being 20 percent lower
than the cut-off frequency for the next higher order mode.

(i) Determine the guide dimensions a and b.

[10 marks : 2022]

(ii) Find the propagation constant, wavelength and phase velocity for the guided
mode.
[10 marks : 2022]

Solution:
(i) Assume, TE,, mode with ax b,
Given, 1.2fcle,  <f<08fgly

= 1.26ele,, = 081l =f
@ f
Now, fC|TE10 = £=ﬁ
- 3x10®°  15x10°
2a 12
= a=12cm
@ f
Also, fC|TE01 = %=ﬁ
- 3x10®°  15x10°
20 08
= b=0.8cm
(ii) (a) Propagation constant; y, :
For air filled waveguide;
Yy = /By

bm
|
ezl
-
|
TN
- |0\n~.
~—
N

8
C__3X10"  _1s5GH,

cT 22 2x12x102

o 125V 2nx15x%10° 12,5
= B S p— 1— = 5 1_
9~ ¢ 15 3% 10 15

~
1l
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B, = 173.65rad/m
o M, = j173.65/m
(b) Guided wavelength ;A ;:
2mn 2mn
A =—=—-—=0036m
9 By 17365
= Ag = 3.62cm
(c) Phase velocity; V!
8
yoo 0 - 3XT0 535108

RARE

v, =543 x 108 m/s

End of Solution

EXY (b) () Design a block level architecture of a seven coefficient FIR filter by using
appropriate number of multipliers, adders and registers. Assume that all the
input operands are available in 8 bit, 2's complement fixed point representation.
The architecture should give one output per clock cycle.

[12 marks : 2022]

(ii) Identify the different blocks required, if the FIR filter is to be realized by
using a single multiplier and an adder. Justify your answer.

[8 marks : 2022]

Solution:

(i) 7 coefficient FIR filter structure:

o {E{E e HE

h(0) h(1) h(2) h(3) h(4) h(s) h(6)

y(n)

where, x(n) = sys i/p

y(n) = sys o/p

h(n) = Impulse response of FIR filter
Since, h(n) has 7 coefficients i.e.

h(n) = {h(0), h(1), h(2), h(3), h(4), h(5), h(6)}

Number of multipliers = 7
Numberofadders = 7-1=6
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EXY (c) AQPSK signalis transmitted by satellite. Raised-cosine filtering is used, for which
the roll-off factor is 0.2 and a BER of 10-° is required. For the satellite downlink,
the losses amount to 200 dB, the receiving earth station G/T ratio is 32 dBK,
and the transponder bandwidth is 36 MHz. Calculate
(i) The maximum bit rate that can be accommodated.

[10 marks : 2022]
(ii) The required equivalent isotropic radiated power.

Assume that (%J ratio for 10-° BER is 10 dB.

o

[10 marks : 2022]

Solution:

Given, Roll off factor, oo = 0.2

BER, Pe = 10°
Losses = 200 dB

G/T = 32 dB/K™!
Bandwidth BW = 36 MHz
(i) We know,
For QPSK, M= 4

Ry
= 1+
BW 109, /\/l( a)

Rb
6 _ (1+0.2)
36)( 10 |ng(4)

R, = 60 x 10° bps
Bit rate, R, = 60 Mbps
(ii) Therequired EIRP,

EIRP = Ep +[Rplas = [9} + [Losses]dB +[Klg
NO T aB

= 10 + 1010g(60 x 108)—32 + 200 + 10log(1.38 x 10-23)
EIRP = 10 + 77.78 - 32 + 200 - 228.6
EIRP = 27.179db

End of Solution
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