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1. (a) In a narrow band digital communication system the symbol error probability for
the in-phase channel is P,, and for quadrature phase channel is P, Prove that
the probability of symbol error for the overall system is given by (P,):
Pe= PeI+ PeO_PeIPeO
[10 Marks]

Solution:
In a digital communication system, when a symbol is transmitted using in-phase and
quadrature phase carriers, the overall symbol will be correctly detected at the output
of the receiver when and only when both in-phase and quadrature phase channels detect
their respective symbols correctly.

So, the probability of detecting the overall symbol correctly is,

PC = (1 - Pe]) (1 - PeQ) = 1 - Pe[ - PEO + 'Del PEO
The probability of symbol error will be,

P,=(1-P) =P, + P,y-P

el

'DeO

MADE EASY Source
. ESE 2019 Mains Test Series: Q.2(c) of Test-3

1 2n
1. (b) Consider a discrete time system with impulse response h[n] =(§) Ul[n]. Find the
value of constant A such that h[n] — Ah[n — 1] = 8[n] and §[n] is a unit impulse
signal.
[10 Marks]
Solution:
1 2n 1 2n
hln] = | = =3 — -1
[n] (5) ril [n]+(5) -1
2(n-1) 1 2n
hln-1] = (—) u[n—1]=25(§) un-1
Given that, h[n] — Ah[n — 1] = §[n]
1 2n 1 2n
So, 8[n]+(§J u[n—1]—A25(§) un-1] = d[n]
A(25) = 1
25
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End of Solution

1. (¢) A digital computer has a memory unit with 32 bits per word. The instruction set
consists of 240 different operations. All instructions have an operation code part
(opcode) and an address part (allowed for only one address). Each instruction
is stored in one word of memory.

(i) How many bits are needed for the opcode?
(i) How many bits are left for the address part of the instruction?
(iii) What is the maximum allowable size of the memory?

[10 Marks]
Solution:
The instruction format of the given computer can be taken as,
| Opcode | Address part |
(x bits) ( bits)
Each memory word has 32-bits and each instruction is stored in one memory word.
So, x+ y=232

(i) Number of bits needed to represent opcode = x
7= |_Iogz(240)] = |_7.9_| =8
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(ii) Number of bits left for the address part = y
x+ y=232
y=32—x=32—8=24

(iii) The maximum allowable size of the memory is the size that can be represented
using the address field of the instruction.
So, the maximum size of the memory = 2¥ = 224 words
224 words = 224 x 32 bits = 64 MB (Mega bytes)

MADE EASY Source
. MADE EASY Classnotes

1. (d) The Radiation intensity of an antenna is
in@sin® <0< <0<
u(e, ¢) = 2sinBsin®¢ 0<0<mO0<¢$<m
elsewhere
Determine the directivity of the antenna.
[10 Marks]
Solution:
The directivity of an antenna can be given by,
D= AT Upmax
j j U(e, ¢) sinbdedo

00
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Given that, U(8, ¢) = 2sinBsin

SO’ Umax =2
D= 4n _ 47
T T T TC
[ [ sin®¢sin®6dedy [ sin®¢de [ sin®6d6
$=00=0 0=0 8=0
K T 1 cos30 | 4
I sin® 0do = j —(3sin¢ —sin3¢)do =—| -3cosd + =—
.4 4 3 o, 3
0=0 $=0 0=0
T T . T
ISihZOde _ I 1—003260,6:1[6_5”126} _n
5 - 2 2 2 oo 2
4r
So, D= 7 n_6
7X7
3 2
In decilogs, [D] = 10log,,(D) = 7.78 dB

MADE EASY Source
. ESE 2018 Mains Test Series: Q.4(b) of Test-6
. MADE EASY Classnotes

PQeY . . - / " 5 B
o - lE| cksin®/» '
il Y S S — /”_3 e el b .
Gain-yuw v (e,q)” mm
~ ____I 'gj U(ch?j d-ﬂ._
coqon = 41 Uosinle _ _
nf Sm_gisinle sin® do d¢- )
020 gug—— : :
taafy = 2 sin'e CGdn.z 3 sipte
_ ”S‘ ﬂni@_ @ .~ : "
G-o . . ‘ - CTCLIn . I'_S—

End of Solution

1. (e) A graded index fiber has a characteristics refractive index profile of 1.85 and a
core diameter of 60 um. Compute the insertion loss due to a 5 ym lateral offset
at an index matched fiber joint assuming the uniform illumination of all guided
modes.

[10 Marks]
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Solution:
When there is uniform illumination of all guided modes, the loss due to lateral offset

can be given by,
L - 2(y)fat2
B mgla)l o+

1y
Emitting fiber ———

Receiving fiber

Given that, y = 5 pm, a = %=30 pum and o = 1.85.

2(5)(1.85+2
- 22| 2252 =014
= b n(SOJ(1.85+1) 0143

The lateral coupling efficiency can be given by,
MNiat = 1= Llat = 0.857
Therefore the insertion loss can be given by,

Loss = -10log,, (n,,) = —10log,, (0.857) = 0.67 dB

End of Solution

1. (f) A mobile network transmits data having bandwidth of 200 Hz using a carrier
frequency of 800 MHz. If the maximum speed of a vehicle is 120 km/hr, calculate
the bandwidth and the cut-off frequencies of the filter at the receiver input.

[10 Marks]

Solution:
Since vehicle is moving, there will be a shift in the received carrier frequency due to
Doppler effect. The amount of shift is called as Doppler frequency ().
Let the maximum Doppler shift is 7, then the received carrier frequencies will be in
the range of (f, - £, ) to (f, + 1)

%
fm = %fc
v,, = Maximum speed of the vehicle = 120 km/hr = ?m/s

c=3x 108 m/s and f, = 800 MHz

So, o = —20_%800x10° = 88.88 Hz
9x10
The data have bandwidth (B) of 200 Hz. So, the filter at the receiver input should have

characteristics as follows:
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T T :
fL (fc - fdm) fc (fc + fdm) fH f

f— BI2 —t=— £y, —>t=— fy, —>t<— BI2 —>|
Lower cut-off frequency, fL=1 —fm- g =800 MHz - 88.88 Hz — 100 Hz
= 799999811.1 Hz
Higher cut-off frequency, b= f+fm + g =800 MHz + 88.8 Hz + 100 Hz
= 800000188.9 Hz

Bandwidth of the filter can be given by,
fy—f =2f, + B=2(88.88) + 200 = 377.76 Hz

MADE EASY Source
. ESE 2018 Mains Test Series: Q.6(b) of Test-15

End of Solution

2. (a) Two speech signals m,(t) and m,(t) are used to generate a composite signal as:
s(t) = my(t) coswt + my(t) sinwt
Assume both the messages are low pass in nature and have W Hz bandwidth.
(i) Draw the block diagram and show the generation scheme of s(t).
[8 Marks]
(i) Propose a demodulation scheme in the form of block diagram and show the
recovery of the two signals m,(t) and m,(t). Assume o, >> 2rnW.
[12 Marks]

Solution:
(i) The composite signal is given by,
s(t) = my(t) cosw t + m,(t) sinmt
This is a quadrature multiplexed signal in which we can transmit two different
message signals using single carrier frequency. This composite signal can be
generated by using the scheme shown below.
x4(f)

—< :) cos(wy.f)
90° C'D—’ o

malf) & ()
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(i) The composite signal s(t) can be demodulated to recover signals m,(t) and m,(t)
using the scheme shown below:

f)
@ il LPF y4()
—@ cos(wt + @)

s(t) o——s I:/g\(’il
FAQ)
x ) LPF ¥yl

O/
The cut-off frequency of both the low-pass filters (LPF) is W Hz.

z(1) = s(t)cos(wgt + 1) = [my(t) cos(wgt) + mu(t)sin(wet) ] cos(wgt + d1)

[

= % my(t) [cos ¢4 + cos(2m.t + ¢4)] + %mg(t) [sin(2wgt + ¢1) — sing, |
z,(t) = 8(t) sin(oqf + ¢1) = [my(t) cos(wgt) + mp(t) sin(wcd)]sin(wgt + ¢4)
— %m1(t) [sin(2mgt + ¢) + sind; ] + %mz(t) [cos; — cos(2m.t + ¢4)]
After posing z,(t) and z,(t) through LPF, we get,

1 1 .
yy(t) = §m1(t)cos¢1 _Emz(t) Sin gy

A = 2 my(t)008 0, + (o) singy
If ¢, = 0°, i.e. there is no phase difference between the transmitter carrier signal
and the receiver local oscillator carrier signal. Then,
1
2
J

y,(1) my(t) o< my(t)

yo(t) = 2m2(t) o Miy(t)
a

Hence the message signals m, (t) and m,(t) can be recovered from s(t) when ¢, = 0°.
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End of Solution

2. (b) The engine, body, and tires of a racing vehicle affect the acceleration and speed
attainable. The speed control of the car is represented by the model as shown
in the following figure.

Engine and tires
R(s) + M\ 100 Y(s)
(s+2)(s+5)
Speed -— Speed
command

(i) Calculate the steady state error of the car to a step command in speed.
[5 Marks]

(ii) Calculate the overshoot of the speed to a step command.
[15 Marks]

Solution:

(i) The open-loop transfer function of the given system is,

B 100

" (s+2)(s+5)

The system is of type-0 and it has unity negative feedback. So, the steady-state
error for step excitation Au(t) can be given by,

G(s)
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K, = Position error constant = lim G(s)
s—0
K, = lim G(s) = 160 =10
50 2x5
e, = 2 A
ST 1410 11
For unit step excitation, e_. = ! —i—O 091
: P G 30 11
(ii) The closed-loop transfer function of the given system is,
100
(s) = 5————
(s) s? +7s+110

By comparing the denominator of T(s) with the characteristic equation of a standard
second order system, we get,

o2 =110 = o, = J110rad/sec

7
2w =7 =t=—7-—=0334
o PN
The maximum peak overshoot of the speed in response to a step command can
be given by,
M, - Y(fp})/(— ))/(°°) _ g 1-2 _ g E0300)/41-03347 _ ) 30ar
%M, = 32.85%
Note: The closed-loop transfer function of the given system is deviated from that

of a standard second order system only by a scaling factor of (%J But there

are no zeros in the transfer function. So, the formula of Mp of standard second order
system is valid to calculate M, of the given system.

MADE EASY Source
. GATE 2019 Online Test Series: Q.16 of Test-26

End of Solution

2. (c) A digital computer has memory capacity of 32767 words with 48 bits per word.
The instruction code format consists of 8 bits for the operation part and 16 bits
for the address part. Two instructions are packed in one memory word and 48
bit instruction register IR is available in the control unit. Formulate the procedure
for fetching and executing the instructions for this computer.

[20 Marks]

Solution:
The format of the instructions can be given by

| Opcode | Address |
(8-bits) (16-bits) O 24 bits
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Each instruction occupies 24-bits.
Each memory location can store 48-bits = 2 x 24 bits.
Two instructions can be stored in one memory location.

Data register (DR) of memory (48-bits) 24-bits  24-bits
| J | Iy | ol I I
1 I I
Instruction register (IR) (48 bits) 2 n Iy
I ;
O
32765 48-bits
32766
Memory

In each memory access, two instructions will be transferred to IR through DR.
The computer hardware should be provided in such a way that the two instructions in
the data word fetched must be separated and inserted into the instruction queue in
the same order as they have to be executed. Then the instruction execution unit will
execute the instructions one-by-one by taking them from the instruction queue.

End of Solution

3. (a) A digital communication system uses five symbols {S,, S,, S,, S;, S,} with their
following probabilities of occurrence

S 1S 1S [

0.55(0.20 [ 0.10 [ 0.10

(i) Compute Huffman code for these symbols by moving the combined symbol
as low as possible.
[15 Marks]
(ii) Calculate the average code word length.
[5 Marks]

Solution:
The probability of occurrence of the fifth symbol can be given by,
P(s,) =1 -(0.55 + 0.20 + 0.10 + 0.10) = 0.05

(i) Huffman code construction:

0
S, 055 0.55 0.55 0.55
0 j
S 020 —— 020 0.25 045 —
0
S, 0.10 0.15 0.20 :|1
0
S, 0.0 010 —
S, 005
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The binary code words associated with each symbol can be tabulated as,

Symbol (S;) S S, S, S; | S,
Probability, P (S;) 0.55 | 0.20 | 0.10 | 0.10 | 0.05
Code word 0 1 101 | 1000 | 1001
Length of code word (7) 1 2 & 4 4

(ii) The average length of the code word can be given by,
4
L = E[L]= ZI,P(SI.)
i=0

L =(055x 1) +(0.20 x 2) + (0.10 x 3) + (0.10 x 4) + (0.05 x 4)
= 1.85 binary digits/symbol

4
Entropy, H= =Y P(S)log, P(S;) ~ 1.82 bits/symbol
i=0
H 1.82
Coding efficiency, N=T>7g5" 0.984 (or) 98.4%

MADE EASY Source
. ESE 2019 Mains Test Series: Q.5(c) of Test-5
. ESE 2018 Mains Test Series: Q.3(a) of Test-15

3. (b) A unity feedback control system has KG(S) =M
s(s+1)
(i) Find the breakaway and entry points on the real axis.
[10 Marks]
(i) Find the gain and the roots when the real part of the complex roots are
located at -2.
[10 Marks]
Solution:
(i) The open-loop transfer function of the given system is,
K(s+2)
KGls) = s(s+1)
The characteristic equation of the system can be given by,
1+ KG(s)=0
14 Kis+2) _ 0
s(s+1)
_ _Ss+)
(s+2)

dK
Solution of £=0 yields break-away and break-in points.
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aK —(s+2)(2s+ N +s(s+1)(1)

SN = > =0
ds (s+2)
252 + 55+ 2=82 + s
$2+4s5s+2=0
s= —2++2
So, break-away point exists at s = —2++/2 =—0.586
Break-in point exists at s = —2-2=-3.414
Jw
o« K K=0
3
0 (e)
Break-in point Break-away point

s=-3.414 s =-0.586

The radius of the circle = /2
Centre of the circle exists at s = -2
(ii) From the above root-locus diagram it is clear that, with real part as “-2”, the roots

exists on the root-locus at s = —2ij«/§

To determine gain K at s = -2+ j3/2 :
Jw

--------------------- Nz

I3

2 - 0 o
e— 1 —=
I 2
_ Product of distances from the point of OL poles
~ Product of distances from the point to OL zeros
K= e
I3
= |2+ N2 |=(eP + (J2F = V6

n=[1+ 2| =P + (2P =3
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= ‘O+j«/§‘=\/§

So, when K = 3, the roots of the characteristic equation exists at s=—21 jy/2,

MADE EASY Source
. ESE 2018 Mains Test Series: Q.7(c) of Test-2
. Theory Book 2020: Control Systems (Page No. 252, 256)
. MADE EASY Classnotes

e g R(s=-06) = 2:€ 0:1%
T ; o )

R(s=-34) = 34x%4 _ 5.8
5 - (he-% .'—.r?

v . System &> onftfeaboy domped
e Wb smdeni k=017 and R=58
i A & L \\\ ok : -

. . A F 7v7 V Ed
- R=O-\7 & K="53% —-)-u‘f-tfcng_o_.d dﬂmP |
- o.(h-(O-[:"_""'é»f 5.8<R< o0 —> QUe:!'IerﬂP@_d . o |
0% <R< 5.8 —% wnden dumpe_d-
- = -0 3 not
Cobyyt =i Bl phe S= = digE
L 8» s t w. =
_} e;}oc\m o:hp\?:d ) o5 = A i
' he Poun;h sS= - : )
2 ; e o o = ‘
—> Jhe ezds-lzem fomn 2 dhe ﬁ,m \ﬁ_Z"’_‘?T_}& e :Oi IQPPLE&CI
i { oh selattone= ob- Snd o>den c@anpot e !
¢ - b

e . 2
- : hics
End of Solution

3. (c) What is virtual memory? How it is different from main memory? Suppose CPU
generates 32 bit virtual addresses and the page size is 16 KB. The processor has
a translation look-aside buffer (TLB) which can hold a total of 512 page table
entries and is 4-way associative. Calculate the size of TLB tag.

'
\

[20 Marks]

Solution:
Virtual memory is the separation of user logical memory from physical memory. This
technique provides larger memory to the user by creating virtual memory space. It
facilitates the user to create a process which is larger than the physical memory space.
We can have more processes executing in memory at a time.
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It increases degree of multiprogramming. With the virtual memory technique, we can
execute a process which is only partially loaded in memory.

Paging with TLB (Translation Look-aside Buffer)

A TLB is on-chip hardware special cache which is part of memory-management unit.
TLB is used in virtual-to-physical address translations so it is also called as address-
translation cache. It is a cache that holds recently accessed page table entries. If
address translation uses a TLB entry, access to the page table is avoided. TLB can
cache only a few of page table entries. TLB is fully associative memory, so page
numbers of all TLB entries are checked simultaneously for a match. TLB lookup is much
faster than a memory access.

Paging with TLB look up

logical
address

(cPu)—{p [ d]
Page frame

number number

Physical

memory
f | dl—--

TLB
p {
TLB miss
~] Physical
memory
page table
Given that, Virtual address = 32 bits
Page size = 16 kB = 24 x 210B = 214 B = Offset field = 14 bits

Number of page table entries = 512 = 2° = Set field = 7 bits

| Tag | Set | Offset |

X 7 14
[ 32 I
x+ 7+ 14=32
x = 11 bits

MADE EASY Source
. Theory Book 2020: uP & Computer Org. (Page No. 254, 261)

End of Solution
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4. (a) fi(x)

-2 0 2 x
A low pass stationary process X(t) has probability density function (at any given
point of time) as shown in the figure. This process has a bandwidth of 5 kHz and
is to be transmitted by using a PCM system.
(i) Calculate the signal to quantization noise ratio (in dBs) if the sampling is done
at the Nyquist rate and 5 bit uniform quantizer is used.
[8 Marks]
(ii) Calculate the bit rate generated.
[4 Marks]
(i) If the maximum bit rate supported by the channel is 64 kbps, calculate the
possible improvement in signal to quantization noise ratio if the uniform
quantizer is redesigned.

[8 Marks]
Solution:
The probability density function of the input process X(f) is, £ )
Xx
j fe(x)dx = 1 K
2 1><2><l< =
2
1 -2 0 2 X
k = >
So, f,(x) can be defined as,
1 1 .
fX(x)= E—Z|x| 9 fOI’|x|<2
0 ; Otherwise

(i) Signal power can be calculated as,

S= E[XZ(r)] = T 2y (x) dx

2 x=0
_ 1|25 Jje iey =z
2|3 4 _ 213 4 3
Quantization noise power can be calculated as,
A2
Ny= —
Q12
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A = Step size = *max_~ ¥min — 2 _(_2) =i=l
2" 25 32 8
(1/8° _ 1
So, N, = =—
© o= 12 "768
Signal to quantization noise ratio will be,
SONR - S _ (23 =2><768=512

Ng (1/768) 3
In decilogs, [SQNR] = 10log,, (SQNR) = 10log,, (512) ~ 27.1 dB
(ii) The message signal X(t) has a bandwidth of 5 kHz. It is sampled at Nyquist rate
and quantized with a 5-bit uniform quantizer.
So, sampling rate, fo=2 x5 =10 kHz
Bit rate, R, = nf, =5 x 10 = 50 kbps

(iii) When maximum allowed data rate is 64 kbps, the maximum number of bits/sample
that can be used by the quantizer will be

P [Rb(max) J=[64><1OOOJ=L6.4J=6

mex f 10x 1000
When nis increased from 5 to 6, the possible improvement in the [SQNR] is 6.02 dB.

4. (b) A simple unity feedback control system has a process transfer function G(s) = g

The system input is a step function with an amplitude A. The initial condition of
the system at time t, is y(f)) = Q, where y(t) is the output of the system. The

performance index of the system is defined as I = Iez(t)dt where e(t) is the error
0

_ N2
in the system response. Show that performance index I is given as % where
K is gain.
[20 Marks]
Solution:
G(s)
) — ()0 K o)

T S
To make the explanation simple, let us assume that input is step function excited at
t=20.80, t, = 0 and y(t,) = 0) = Q.

t
y(t) = K j e(t)dt
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avt) _
G Ke(t)

Y(s) = KE(s;) +@Q
E(s) = R(s) — Y(s)
For step excitation with an amplitude of A, R(s) = ?
So, E(s) = A KE(s)+Q
s s
(s + K) E(s)=(A-Q)
_(A-Q
Els) = (s+

By taking inverse Laplace transform, we get,
e(t) = (A- Qe

= =

1= [e(tat=[(A-QPe ™ at
0 0

e—ZKT :|Dq _ (A _ 0)2
0

_ M2
_(AQ)[zK 2K

End of Solution

4. (c) What are the advantages and disadvantages of recursion? Write a code/pseudocode
(in any standard programming language) with proper statements to accept a string
as a command line argument and hence find its length.

[20 Marks]

Solution:

Advantages of recursion:

e We can create a simple and easy version of programs using recursion.

e Always recursion will be written in the name of recursive definition. It can be
translated into C code very easily.

e We can avoid initialization of variable inside the functions, but iterative solutions
are required to be initialized.

e  Some specific applications are meant for recursion such as binary tree traversal,
tower of Hanoi etc. can be easily understood.

Disadvantages of recursion:

e |t occupies lot of memory.

e |t consumes more time to get desired result.

e Function execution is slower than iterative method because of the overhead of
calling functions repeatedly.
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C program to accept a string as a command line argument hence find its length:
# include <stdio.h>
# include <conio.h>
void main (int argc, char *argv][ 1)
{
inti, j, c =0;
for i = 1;1 < argc ; i++)
{
for (j = 0; argvl[i] [j]! = NULL; j++)
C++;
}
printf (“length = %d”, c);

getch();
}
5. (a) In a system if data is transmitted to remote location using 8 bit PCM encoding,
find

(i) Channel capacity if Bandwidth is 300 kHz and SNR = 15 dB.
[4 Marks]
(ii) The maximum number of channels that can be accommodated in this scheme
if Time Division Multiplexing is used with each channel having 5 kHz fixed
bandwidth allocation.
[6 Marks]

Solution:
(i) The capacity of an AWGN channel, with bandwidth B, can be given by,
C = Blog, (1 + SNR)
[SNR] = 10log, (1 + SNR) = 15 dB
(SNR) = 10" = 31.623
So, C = 300log, (1 + 31.623) = 1508.34 kbps

(ii) Let the number of individual channels is N. Assuming the Nyquist sampling rate
for each channel, the bit rate of the TDM signal with N channels will be
R,=Nx2 x5 x 8= 80N kbps
For proper transmission of data,
80N < 1508.34
1508.34
N < [TJ =18
N, = 18
So, at most 18 channels can be allowed.

MADE EASY Source
. ESE 2019 Mains Test Series: Q.4(c) (ii) of Test-11

End of Solution
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5. (b) A system is described by the state equations

x{"’ O}x{"}u and Y=[1 1] X
-1 1 1

Determine whether the system is controllable and observable.

Solution:

MADE EASY Source

[10 Marks]
3 0 -1 1
= , B: , CT =
NI e
To check the controllability of the system:
-1 -8
Q.= [B: AB]=
o= 1 ] {1 2}
|Qc] =(-1x2) - (-3x1) =120
So, the given system is controllable.
To check the observability of the system:
Q,=[CT: AT CT]
3 —1[[1] [2
AT CT = —
=oAL
12
O —
© {1 1}
|Qol =1 x1)-@2x1)=-1=0
So, the given system is observable.
. Theory Book 2020: Control Systems (Page No. 423, Q.12.28)

5. (c) An analog cellular system has a total of 33 MHz of bandwidth and uses two 25 kHz
simplex channels to provide full duplex voice and control channels. What is the
number of channels available per cell for a frequency reuse factor of 4 cells? If
1 MHz is dedicated to a control channel then how many voice channels will be

available for reuse factor of 4 cells.

Solution:
Total number of cells in a cluster = 4
Total BW assigned to each cluster = System BW = 33 MHz
BW of each simplex channel = 25 kHz

33000 _

Total number of simplex channels available in each cell = A 05

Total number of full duplex channels available in each cell = 165

[10 Marks]

330
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If 1 MHz is dedicated to control channel:
System BW available for voice channels = 32 MHz

32000

Total number of simplex channels available in each cell = m=320

Total number of voice channels (full duplex) available in each cell = 160
Total number of voice channels available in the system = 4 x 160 = 640

MADE EASY Source
. ESE 2018 Mains Test Series: Q.3(b) of Test-9

End of Solution

5. (d) Find the potential at a point P which is 1 m radial distance from the midpoint of
a 2 m straight line charge of uniform density 10 nC/m in air. If this line charge
is bent to form an arc of a circle of radius 1 m, find the percentage change in
potential at the same point P. Give reason for this change.

[10 Marks]
Solution: z
When charge is considered as a straight line: +1

Potential at point P, V. p.d2 cr=1m 1
s = — Y, = r= m

1 Y14me Nz +r? oy————*F

_ 20 _1[ LI 1
4ne, Om

PL [ainn=Trn T PL it
= —=—|sinh™(z =——sinh™ (1
2me,, [ ( )]2=0 2mne, M

9 i
_ 10x10 >f98|nh (1)2158.65V
2nx (1077 /36m)

When charge is considered as an arc of circle:

re=2m m

r=1m

" ie
So, 0 = 2 radians /1\ !
2 P
Potential at point P, V,= [ -PL_gg=PL_
o0 Ameor 2me,,
-9
v 10x10 _180V

2~ 2nx (10 /36n)
% change in the potential,

Vv 180-158.65

y 100 158.65

x100 ~ 13.46%

Page 22
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Potentiq) 7 of a Point l‘hnrc]t’ fefrence dependadt

valye
V:'JE‘CH "\f=‘j_§o_____-q*r dy. a» = (¢} + ¥
) Yyt . Ymegy
T=® ,y=0 Hunt-o
E — Veckor —_ 1 de(vease — ay divectred:
o
V- solay — 1 decieqse

Potntiad 4" of a line t‘hqu}e

Ve[t vj_ﬁ_,_ as dg-as = S ln('_} +k

e s ang¢ ¢
T V=0 ot = k=0

- 7

s /¢ decyease — Force . _

V- {Oj'fqlfH/lmit cdecveqye — Enerqy.
5. (e)

Mealy state diagram
Construct the state diagram for a Moore circuit from the given Mealy circuit.
[10 Marks]

Solution:

The state table of the given Mealy state diagram is,

NS Output
PS
x=0 x=1 x=0 x=1
B A 0 0 .
x = input
C A 0 0
C A 0 1
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The equivalent Moore circuit will have 4 states and its state diagram can be drawn as

follows:
“—0
1
@) & Do
MADE EASY Source

. Theory Book 2020: Advance Communications (Page No. 64)
. MADE EASY Classnotes

End of Solution
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5. (f) A message consists of blocks of 8 bits. A checksum of 8 bits is added after every
two blocks. If the first two blocks of a message are :

0011 1010 0010 0101
T T

MSB MSB
Block 1 Block 2

(i) Find the checksum bits transmitted.
[5 Marks]

(ii) If the channel error causes bits to reverse at the MSB place of both the
blocks, find the recovered bit pattern after checksum.
[5 Marks]

Solution:

(i) Block 10 0011 1010
Block 2 [0 0010 0101
Sum O 0101 1111 (No end carry)

1’'s complement of the above sum is the required checksum, which is equal
to “1010 0000”.

(ii) When bits at MSB place of both the blocks are reversed due to channel noise,
the received data blocks will be,

Received block 1 0 1011 1010
Received block2 1 1010 0101

(£30101 111
1

SumO 0110 0000

Adding the above sum to the checksum obtained in part (i), we get,

0110 0000
1010 0000

( [ fOOOO 0000
1

0000 0001
The recovered bit pattern after checksum will be the 1's complement of the above
pattern; i.e. “1111 1110”. This bit pattern is not equal to all zeros, and hence
indicates that the received data blocks has errors.

End of Solution

6. (a) The relative permittivity of a dielectric material between the plates of parallel plate
capacitor varies uniformly from er, = 1 at one plate to er, = 4 at other plate. The
area of each plate is 1 m?. Find the capacitance per unit length of this capacitor
if d = 3 mm. Derive the equation used.

[20 Marks]
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Solution:
€, —€)
€, =€, +%x O, O,
€, =1; €,=4,d=3mm (+py) (=Ps)
So, € = 14— x=1000x +1
3x10™
The capacitance can be given by, ; ]
Co 9 _ dpsA 0 d x
% Lo
j E-di
0
E = Ps ¢ A=1m2andd=3mm.
€5,
5 €= ww 11 ) [|n(1o1oct))iof ?)]3 mm
- _dx x=0
3 G (1000x + 1)
_ 100€0 _g 257,109 F=6.3871F
In(4)

MADE EASY Source
. GATE 2019 Online Test Series: Q.16 of Test-22

End of Solution

6. (b) (i) Discuss the priority of interrupts of 8086. Draw a circuit that will terminate
the INTR when interrupt request has been acknowledged.

[15 Marks]

(ii) Explain Direct Memory Access (DMA) mode of data transfer.
[5 Marks]

Solution:
(i) Priority of interrupts of 8086 microprocessor:

As the hardware interrupts of 8086 are asynchronous in nature, so any interrupt
can arise at any time. Moreover, more than one interrupt may also appear at any
time. But the microprocessor can attend only one interrupt at time so there must
be some priority resolving system by which microprocessor can attend the interrupt
on the basis of their priority.
All the interrupts are serviced on the priority basis. The higher priority interrupt is
served first and an active lower priority interrupt service is interrupted by a higher
priority one. Lower priority interrupts will have to wait until their turns come. The
section of program to which the control is passed called interrupt service routine.
In 8086 the interrupts are serviced as per the following priority order. Here interrupt
types are shown with decreasing priority order.
1. Internal interrupts and exceptions
2. Software interrupt
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3. Non-maskable interrupt
4. INTR
5. Single step

The following circuit can be used to terminate the INTR when interrupt request
has been acknowledged:

PR
D Q INTR
Interrupt
request —————a> CLK D-FF 8080 uP
_Ll_ CR INTA

Reset

When an external device wants to interrupt the microprocessor, the interrupt request
signal goes low and the falling edge of the request triggers the D-flip-flop, and
Q goes high, which interrupts the microprocessor.

After acknowledging the interrupt INTA signal goes low, which clears the D-flip-flop
and hence a low signal will present at INTR.

(i) DMA Data Transfer Scheme (DMA-DTS)

e InDMA-DTS, MPU doesn’t participate because data is directly transferred from
an |/O device to the memory or vice-versa.

e In DMA, the MPU releases the control of the buses to a device called “DMA
Controller”. The controller manages data transfer between memory and a
peripheral under its control, thus by- passing the MPU.

e The MPU communicates with the controller by using the chip select line, Buses
and Control signals. Examples of DMA controller chips are: Intel 8237A, 8257.

e DMA-DTS is a faster scheme as compared to programmed DTS.

e |t is used to transfer data from “mass storage devices” (hard disks, floppy
disks etc). It is also used for high-speed printers.

e Once the controller has gained the control, it plays the role of a processor for
data transfer as:

1. The DMA controller chip puts the MPU in a HOLD state by means of the
HOLD control signal. This is an active high input signal.

2. The MPU then stops executing the program and disconnects the address,
data and memory control lines from its bus by placing them on a high
impedance state. The microprocessor is totally disabled during DMA.

MADE EASY Source
. Theory Book 2020: Microprocessor (Page No. 76)

End of Solution
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6. (c) A network with 6 nodes with associated cost function is given in the Table below.
Calculate the routing table using the shortest path Dijkstra's Algorithm assuming
Node 1 as the source node. NC represents no connection between the nodes.

Node

NUTbefﬁ 11 2| 3| 4| 5] 6
1 - | 3| 2| 5 |NC|NC
2 3| - |NC| 1| 4 |NC
3 2 [NC| - | 2 [ NC| 1
4 5 1] 2] - 3 |NC
5 NC| 4 [NC| 3 | - | 2
6 NC|NC| 1 |[NC| 2 | -

[20 Marks]

Solution:
From the given table, the network can be represented as,

The Dijkstra’s algorithm always selects the shortest path possible from the source node
to destination node.

So, the routing table with source node as N, can be given as follows:

Node Path Next hop to | Distance
N4 N4 - 0
N, Ny — N, N, 3
Nj Ny — Ny Nj 2
N, Ny — N3 — N, Nj 4
Ns | Ny - N3 - Ng — Ns Ny B
Ne Ny — N — Ng N 3

End of Solution

7. (a) A lossless line with L = 0.5 uH/m and C = 150 PF/m is operated at a frequency
10 MHz. Find the shortest length of line at which it acts as
(i) 150 PF Capacitor on an open circuit and short circuit.
(i) 2 pH Inductor on an open circuit and short circuit.

[20 Marks]
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Solution:
The line is lossless.
L 0.5x107°
So, /A \/: =, [—————=57.735Q
g 150% 1072
V. = =11.55%x10" m/sec
P NLC 75%10718
v 7
- _p=11.55><10 —1155m
f 10
2

= 7:0.544 rad/m
Impedance at length (/) from the load end can be given by,

20) = 7 Z, + jZytan(Bl)
| Z, + jZy tan(Bl)

When line is open circuited (i.e., Z, = ),

, . Z
Z(l) = —jZycot(pl) = - .
When line is short circuit (i.e., Z, = 0),
Zyo (1) = jZstan(Bl)
(i) To act as a capacitor of 150 pF:
Z() ! ! =-/106.1Q

= JoC  j2rnx107 x150x10"2)
With open circuit, the minimum length of the line required is,
1, _1(57.735
lin = —tan
"B ( 106.1
With short circuit, the minimum length of the line required is,

I = e LY
min = 8 57.735

(ii) To act as an inductor of 2 pH:
Z() = joL = j(2r x 107 x 2 x 107%) = j125.664 Q
With open circuit, the minimum length of the line required is,

Lo = 1{n—tan‘1 (Lmﬂ=4.983m

J20.916m

mheB 125.664
With short circuit, the minimum length of the line required is,
1, 4/ 125.664
o= —tan | ———— |=2.096m
mees ( 57.735 J

The results obtained in part (i) and part (ii) can be tabulated as follows:

Imin With open circuit ;. with short circuit

min

To act as
150 pF capacitor 0.916 m 3.8m
To act as o 2096 m

2 pH inductor

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in Page 29




MARADE EASY ESE 2019| Main Examination

(vacE Easv) |ndia's Best Institute for IES, GATE & PSUs E 8-T Engineering I Pa per-"

MADE EASY Source
. Theory Book 2020: Electromagentics (Page No. 170)
. MADE EASY Classnotes

Dishibokd (L) X Distibukd (c) = L¢ cpg o oy Ifuefieomapy

€= EwL t= Lidl

| d l.‘-)
X
: ————— A=
) £— e A=0
451 l @ L R = e L l
—-—Mh —Y RO
flow flo T
= ﬁs B E
Ty ] lf W 17
hq: Ve J T .
\1( o 3
| SOy At tupnu! e _ﬂn“}r _____ _ .
- . 2
Eftect ©F load ow Iine Igaq ‘@

i thiflad tond”

7-3¢xjes of An lengtic = (R-Uun_)av.
\ shopt of an. “’n‘jH« (qTch) Ax

“av = I(a)-(Rtjw) 4x

M~
T = JRafan,j Zoc < *I]Z‘_-
, | tanpt )
A T e
Do-fpléﬂ_ oy pe e Zin 15 opud ¢
& Yy
L s Pndochve -
- '. 7 ' o-n' r :
?’) £ =Xy — oc~ i\;r:of:\gn@ sevies Resonarnce
) cet . |
@ fi < ﬁiﬁ mor A eclez ) N s Trdocti v
‘Sj Y . Z

Zin 1 capacriwe - _
) Shunt ~sonAnce |
ser|e ¥

@ £= 2 = s abnana et

—oux (mi of— a \tw 15 short oy oPen Hu o Hay, end I's

vre|
M SV Hacd
ﬂq;-Huu (n naty i ls 2sonance  af My o
fa leng e
End of Solution

Page 30

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



MARADE EASY ESE 2019| Main Examination

India's Best Institute for IES, GATE & PSUs EST Engineering I Paper_"

7. (b) (i) Implement the following Boolean functions using PLA:
Sum (A, B, C,) = Zm(1, 2, 4, 7)
Cout (A B, C,) =2Zm(3, 5, 6, 7)

[10 Marks]
(ii) Explain photolithography process. Also, explain the importance of photoresists.
[10 Marks]
Solution:
(i) Sum =2m(1, 2, 4, 7)

C,t=2m@, 5,6,7)
Sum =Xm(0, 3, 5, 6, 7)

If Sum and C

out

to be produced by the AND array.

are designed using PLA, only 5 unique minterms are required

Implementation using PLA:

A B C,
VIV Y o
|
| D ABC, @) | |
B D ABC, () | |
—% x % D ABC, ®) x
[\ _ABC, ()
AR E RN R
Sum
Sum C,

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




2]

MADE ERASYH

India’s Best Institute for IES, GATE & PSUs

General Awareness and

General Intelligence

& Reasoning Gourses

.

for
SSC (JE/CGL)

Classroom Course

Live/Online Course also availahle

90 Days Course
6-7 days/week - 3 hours classes /day

J

Batches commencing
from 20th Aug, 2019

Regular Classroom Course : Fee Structure

Class timing
8.00 AM-11:00 AM

Venue

Hundred Million IGNOU main Road Saket,
Saidulajab Extension, New Delhi-110030

Live/Online Classes : Fee Structure

Subject Hours Fee for all Subject Hours Fee for all
General Awareness 160 Hrs. 10,000 General Awareness 160 Hrs. 8,000
General Intelligence & General Intelligence &
Reasoning 50 Hrs. 34,000 Reasoning 50 Hrs. 23,200
Combined 210 Hrs. 12,000 Combined 210 Hrs. 10,000

Ph: 8851176822,8851176823 - www.ssc.madeeasy.in




MADE EASY Source

. ESE 2019 Mains Test Series: Q.2(c) of Test-4

. ESE 2019 Mains Test Series: Q.6(c) of Test-6

. Theory Book 2020: Advance Electronics (Page No. 106)
. MADE EASY Classnotes

=8 = Zen Ch‘lfq;q‘)

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

MARADE EASY ESE 2019 | Main Examination

India's Best Institute for IES, GATE & PSUs E S.T Englneerlng I Pa per_”

Page 32




MARADE EASY ESE 2019| Main Examination

India's Best Institute for IES, GATE & PSUs EST Engineering I Paper_"

(ii) For the fabrication of semiconductor devices, selective doping is often necessary.

This means that certain regions of the wafer have to be protected against doping
during diffusion or ion-implantation. In general, this is done by covering the entire
sample by a protective (masking) layer and then removing this mask layer at some
selected regions by a process called photolithography. Afterwards, diffusion or ion-
implantation is carried out and doping takes place only in the regions not protected
by the mask. The most commonly used mask material in silicon technology is silicon
dioxide (SiO,) and it can be easily grown on silicon by thermal oxidation as
discussed in the previous section. For compound semiconductors, SiO, and/or
Si;N, deposited by chemical vapour deposition can be used as masks. Since ion-
implantation is a relatively low temperature process, photoresist itself can be used
as a mask against implantation.
Once the mask layer is grown or deposited on the semiconductor surface, it must
be patterned. That is, the mask should be retained only over certain selected
regions and removed from the rest of the surface. Patterning is a two-step process.
In the first step, a photosensitive material (photoresist) is spin-coated on the entire
sample surface. There are two types of photoresist, namely positive and negative.
In optical photolithography, the photoresist-coated wafer is exposed to UV light
through an appropriate mask plate (or photomask). Certain regions on the mask
plate are transparent, and the rest is opaque. In case of positive photoresist, the
photoresist exposed to UV light is softened and is therefore easily removed in a
developer solution. In case of negative photoresist, only the exposed resist remains
and the unexposed resist is removed by the developer solution. Thus, the mask
pattern (or its negative) is transferred onto the resist-coated sample after the
exposed (or unexposed) resist is removed in the developer solution. The following
figures (a), (b), and (c) illustrate the process schematically.

Photoresist UV radiation

I L) || erotomask
| ’
W —d

Mask —VZ77777

(@)

Developed image

y

(b)

(©)
Different steps in photolithography process showing the transfer of patterns
In the second step of patterning, the mask is removed (etched) from the regions
no longer protected by photoresist (also called opening windows in the mask). If
the masking layer is SiO,, etching is usually done by dipping the sample in
hydrofluoric acid (wet chemical etching), which etches SiO, in the regions which
are not protected by the photoresist. After the selective removal of oxide, photoresist
is removed from everywhere. The sample is then washed in de-ionized water, dried
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thoroughly, and is ready for diffusion/implantation. However, if photoresist itself is
the mask used against ion-implantation, it is not necessary to grow and selectively
etch the oxide.

Optical lithography using deep UV light is by far the most widely used lithography
technique today. The minimum feature size which can be obtained by the
photolithography process depends on the wavelength of the UV radiation, and lower
wavelengths are used for better resolution. Electron beam lithography and X-ray
lithography have also been used to reduce the minimum feature size. Electron beam
lithography allows direct writing on the sample (no patterned mask plate is needed
as the electron beam is directly raster-scanned on the photoresist). Due to the very
small electron beam size, high resolution can be achieved. However, scanning the
entire wafer is a very slow process and hence not suitable for large scale production.
On the other hand, it is difficult to prepare a suitable mask plate for X-ray
lithography. Thus, these techniques so far have found only limited application.
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End of Solution

7. (c) (i) Calculate the degradation in the downlink (%) ratio when orbital spacing

between the satellites is reduced from 5° to 2°, all the other factors remaining
unchanged. Assume antenna characteristics as per Federal Communications
Commission (FCC) norms.

[10 Marks]
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(i) A low noise amplifier is connected to a receiver which has a noise figure
of 12 dB. The power gain of the low noise amplifier is 1000 and its noise

temperature referred to the low noise amplifier input.
[10 Marks]

Solution:
(i) According tothe FCC antenna characteristics, the degradation in the downlink (%J

will be,
Z

Degradation = 20logy, ( SOJ =9.95dB

(ii) Note: The parameter to be determined is not given clearly in the question.

LNA

Noise figure (F) = 10'2 = 15.85
The noise temperature referred to the low noise amplifier input is,
T,=T,(F-1) =290 (15.85 - 1) = 4306.5 K

End of Solution

8. (a) The inside dimensions of 9 GHz air filled waveguide are 2.286 cm x 1.016 cm.
Find the maximum power that can be transmitted in the TE mode assuming that
the breakdown electric field intensity is 3 x 108 V/m.

[20 Marks]

Solution:
The maximum power that can be transmitted through a lossless waveguide is,

2
_ Eo(max) (ab)

max

MN1E10)

8
Cc__ 8x10° _eseGHy

f
197 22 2x2.286x1072
f = Operating frequency = 9 GHz

- "o 120 _s50650

Nre(10)
fio) b 6.56
Us f - 9

%o, p - (Bx10°F (2.286x10) (1.016x10°%) _ o491

e 4x550.65
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End of Solution

8. (b) (i) For given discrete time systems, where y[n] and x[n] are the output and the
input sequences, respectively. Determine, whether or not the system is -
linear, causal, stable and time-invariant.

(A) ¥in] = nx[n] (B) yin] = x[n - 5]
[10 Marks]
(ii) Develop two different cascade canonic realization of given causal IIR transfer
function.
(0.3-0.5z"(2+3.1z7"
H(2) =
(2) (1+21z71-322)(1+ 0.67z7")
[10 Marks]
Solution:
(i) (A) yln] = n*In]:
- x{n— yin] = nin]

xi[n]—— y4[n] = n?x[n]

xp[n]—— y,[n] = nx,[n]
ax,[n]+ bx,[n] — yaln] = r(ax{n]+ bxs[n))

valnl = anPxq[n]+ bréx,[n] = ay{{n] + by-[n] = Linear

Page 36
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e Present output of the given system depends only on the present input. So,
it is a causal system.
e Asn— o, y[n] — e even if x[n] is finite. So, the output can be unbounded
for a bounded input and hence the given system is unstable.
) T(x[n—nyl) = n?x[n - n,]
yln - no] (n- no)2 x[n - no]
yln - ngl # T(x[n-n,]) = time-variant
So, the system defined as y[n] = n?c[n] is linear, causal, unstable and time-
variant.

(B) yIn] = x[n - 5]:

. x[n] —L9— y[n] = x[n - 5]

xy[n] —— y4[n] = x4[n - 5]
xo[n]—— y,[n] = x,[n - 5]

axi[n]+ bx,[n] —— ys[n] = @u[n—"5]+bx[n-"9]
ys[n] = ay,[n] + by,[n] = Linear
e Present output of the given system depends only on the past values of
the input. So, it is a causal system.
e For finite values of x[n], the corresponding value of y[n] also will be finite.
So, the system is stable.

O Tx[n—=ngl) = x[n =5 = ngy]
yln - ngl = x[n - ny — 5]
yln = ngl = T(x[n-ny]) = time-invariant
So, the system defined as y[n] = x[n— 5] is linear, causal, stable and time-

invariant.

MADE EASY Source
. ESE 2019 Mains Test Series: Q.1(b) of Test-15

(i) Method-I:
H(z) = H,(2) x Hy(2)
_ (0.3-05z7
) = Foir a9
(2+3.1z7
Hiz) = M9 12 )
49 = 067z
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2
An] o @ () >_.@_> yin]
Elﬂ
-0.67 3.1
(=
71
3
;V—J — —
H,(2) Hy(2)
Method-II:
H(2) = H,(2) Hy(2)
) = (0.3-05z7"
T (1406727
p (2+3.1z7)
o2 = A+ 217 7-379)
x[n] o
71
3
;V—J — —
H,(2) Hy(2)
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End of Solution

8. (c) Describe the mechanism of intermodal dispersion in a multimode step index fiber.
Show that the total broadening of a light pulse 8T, due to intermodal disperse a
multimode step index fiber may be given as :

_ L(NAY
STS - 2n-|C

where L is the fiber length, NA is the numerical aperture of the fiber, n, is the core

refractive index and C is the velocity of light is a vacuum.
[5+15 Marks]

Solution:
Pulse broadening due to intermodal dispersion (sometimes referred to simply as modal
or mode dispersion) results from the propagation delay differences between modes
within a multimode fiber. As the different modes which constitute a pulse in a multimode
fiber travel along the channel at different group velocities, the pulse width at the output
is dependent upon the transmission times of the slowest and fastest modes.
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Using the ray theory model, the fastest and slowest modes propagating in the step
index fiber may be represented by the axial ray and the extreme meridional ray (which
is incident at the core-cladding interface at the critical angle ¢ ) respectively. The paths
taken by these two rays in a perfectly structured step index fiber are shown in figure
below.

Cladding (n,)

Air (ng=1)

Core (n,)

y0 ®H

oY

Extreme meridional ray

The delay difference between these two rays when traveling in the fiber core allows
estimation of the pulse broadening resulting from intermodal dispersion within the fiber.
As both rays are traveling at the same velocity within the constant refractive index fiber
core, the delay difference is directly related to their respective path lengths within the
fiber.
The time taken for the axial ray to travel along a fiber of length L gives the minimum
delay time T . and:
Distance L Ln,
mn = Velocity (c/n) ¢

(i)

where n, is the refractive index of the core and c is the velocity of light in a vacuum.
The extreme meridional ray exhibits the maximum delay time 7__ where:
L/cos®  Ln,
max = clny " cosO

(i)
Using Snell’s law of refraction at the core-cladding interface,

sing, = ’,77—2=cose )
1

where n, is the refractive index of the cladding. Furthermore, substituting into equation
(i) for cosb gives:

i = an Y
The delay difference 8T  between the extreme meridional ray and the axial ray may be
obtained by,
Lr?  Ln
s o= e el =
87, = 'mex = !min o, c
_ Lot (m=n, (V)
cny ny
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reA
~ —— when A << 1
Crp
where A is the relative refractive index difference.
ny—n,
o

However, when A << 1, A\ B2

Hence rearranging equation (v):
ST = Lni(n—n, - LmA
s € n, €

A also can be related to numerical aperture (NA) as,

2
(NA) = n2A = A=(NA2)
2n;
L(NAY?
S0, O, = “onc

MADE EASY Source

...(vi)

(Vi)

. ESE 2019 Mains Test Series: Q.8(a) of Test-13
. Theory Book 2020: Advance Communications (Page No. 71)

End of Solution
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