indig's Best Institute for IES, GATE & RSUs

ESE 2023 : Mains Test Series

"~ \(“:‘
.‘»,:‘h
Q
<

UPSC ENGINEERING SERVICES EXAMINATION

Electrical Engineering
Test-2 : Systems and Signal Processing + Microprocessors
+ Electrical Circuits-1 + Control Systems-1

Name : B e e e e R e L T L P P PR
Roll No
Test Centres Student’s Signature
Delhi =T Bhopal [ Jaipur [ i
Pune| | Kolkata[ ] Bhubaneswar []  Hyderabad[']

Instiu.c'tions for Candia:ates

1. Do furnish the appropriate details in the
arswer sheet (viz. Name & Roll No).

2. There are Eight guestions divided in TWO
sections.

3. Candidate has to attempt FIVE questions
in all in English only.

4. Question no. 1 and 5 are compulsory
and out of the remaining THREE are to
be attempted choosing ar least ONE
question from each section.

5. Useonly black/blue pen.

6. The space limit for every part of the
| question is specified in this Question Cum
Answer Book'et, Candidate should write

the answer in the space provided,

7. Any page or portion of the page left blank
in the Quastian Cum Answer Booklet
mtest be clearly struck off.

8. Last two pages of this booklet are
provided for rough work. Strike off
these two pages after completion of the
axaminatian,

|

Corp. office : 44 - M‘F,- i::al_u_S.a_rai, New Delhi-110016

FOR OFFICE USE

Question No. | Marks Obtained
Section-A
o 33
a2 1q
Q3
Q4
Section-B il
Qs ‘f{- ) |
. - |
Q7 492 |
. |
Total Marks .1%? 7 i
Obtained ‘ g~ A gt
L e L |
Signature of Evaluator Cross Checked by

Coidxab AU ma~

| Ph:S021300500 | Wab: www.madeeasy.in

{ g ¢
{ l_.a'f—"_'f’ oy—

1 MR o

WA

Iﬁna‘«“s J‘-’# ! '] --\

f

\;__-';'?'l{"g_ P+

La Ay h,

Cetpipm, -




IMPORTANT INSTRUCTIONS
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Answer Booklet (QCAB).
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your QCAB.

3. Do not tear off any leaves from your QCAB, if you find any page missing do not fail
to notify the supervisor/invigilator.

4. Do not leave behind your QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.

DO'S

1. Read the Instructions on the cover page and strictly follow them.

2. Write your registration number and other particulars, in the space provided on the cover of
QCAB.

3.  Write legibly and neatly.

4. For rough notes or calculation, the last two blank pages of this booklet should be used. The
rough notes should be crossed through afterwards.

5. If you wish to cancel any work, draw your pen through it or write "Cancelled" across it,
otherwise it may be evaluated.

6. Handover your QCAB personally to the invigilator before leaving the examination hall.
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Section A : Systems and Signal Processing + Microprocessors

The input x(n) and the impulse response h(n) of a discrete-time LTI system are given by
x(n) = o"u(n), h(n) = o "u(-n);0<a <1

Using z-fransform, find the response y(n).
[12 marks}
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Q.1(b)| For an 8085 microprocessor, explain the followings :
(i) Logical operations
(ify Branching operations
[8 + 4 = 12 marks]
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Q.1 (¢)[ Find the inverse laplace transform of the following :

2

7
52+6s+ <Refa s -1
5°+3s5+2

() X(s)=

55413 peors) >0

(i) X(s)= m;

B

Y K) =& Gl

78 =

S(§%+4 Ys+13)

N = 53415

W) Xish=" & Sy1g" L

XQS) = A + BS‘\'C
S32ys413
s+

Xig)= ~—L—-+ oo MR
S%Hveha

S(s+Q—30)(s+2+38()

[6 + 6.marks]
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Q.1(d)

Explain the flag register of 8086 microprocessor.

[12 marks]
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Q1 (e)

Consider the following discrete time system :

@)y = k) |

(if) - y(m) = sgnlx(n)] A w b g

Check whether these systems are static or dynamic, linear or non-linear, time varying

or ime-invariant, causal or non-causal and stable or unstable.
[6 + 6 marks]
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Q.2 (a)| Derive the DFT of the sample data sequence x(n)={1,1, 2,2,3,3,0, 0}.
[20 marks]
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Q.2(b)| Write an assembly language program in 8085 to find 1's and 2's complement of 16-bit
number. Assume that the number is stored at 2040 H and store the result at 2050 H and

2052 H respectively. Also give the algorithm of the program.
[20 marks]
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Q.2 (c)

(i) A causal and stable LTI system S has the frequency response :

4+ jo
H(w) = 2 &5,
6—-m"+5jm

(a) Determine a differential equation relating the input x(f) and output y(f) of 5.
(b) Determine the impulse response h(t) of S.
(c) What is the output of S when the input is x(f) = e~*u(f) - te=*u(f).

(if) Compute the linear convolution of the following sequence to obtain y(n)

x(n) ={1,3,0,4,-2}
ik

h(n)=1{2,4,-1,-3}
T

H (W) = \‘H_S’\o [15 + 5 marks]

HW = Y (W)

2D T
MWy — _\\+‘§w e

XW) g sl ) b o
Jo)™ Yiw) (5w YW W U X w) + JWOLr6s)
= @iﬁ? S MY 6w = e+ Gu)

dt \/d*/

6 — O + SIW
Hi) = Mgdw

| dwt)tIw+3)
Hw= P
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Q.3 (a)| (i) Explain the status pins (5,,5; and Sp) and queue status pins (Q, and Q) of 8086
with their function.

(ii) Discuss the pointers and index group of registers of 8086.
[10 + 10 marks]
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Q.3(b)

Design an ideal band reject filter with a desired frequency response

. 1, |(1)|<-7-I-and|03|2—2£
H () = 3 3

0, otherwise

Find the impulse response h(n) and transfer function H(z) of the filter for length

M=11.

3

[20 marks]
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Q.3 (c)] Ten 8-bit numbers are stored starting from memory location 3000H. Write an 8085
assembly language program, by giving suitable flow chart to find the greatest of the ten

numbers and store it at memory location 4000H.
[20 marks]
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Q.4 (a)} (i) The input to a linear shift-invariant system is x(n) = 2COS[%] + SSin[:):%"II + -gj .
2sin(n - 1)=
Find the output if the unit sample response of the system is f(rn) = 7—1)—?1—2

(if) Consider a system described by the difference equation
y(m) =y(n-1) - y(n - 2) + 0.5x(n) + 0.5x(n - 1).
Find the response of this system to the input x(r) = {0.5)"u(n}), with initial conditions
y(-1)=0.75 and y(-2) = 0.25
[10 + 10 marks]
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Q4 (b)

For x(n)={1, 2,3, 4, 4, 3, 2, 1}. Compute the DFT, X{k) using DIF FFT algorithm.

[20 marks]
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Q.4 (c)| () Draw the lattice filter implementation of FIR filter H(z) = 8 + 4z71 + 2272 + 272,

(if) Itis required to move a 16-byte long data string from offset 4000H to offset 5000H.
Write an assembly language program to accomplish the above task for 8085

MICrOPTrOCessor.
[12 + 8 marks]
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Section B : Electrical Circuits - 1 + Control Systems - 1

Q.5 (a)| The open-loop transfer function of a unity feedback system is

K(s+1)

C) = s(s — l)(s2 +4s + 20)

Find the range of K for which the system is stable. Also show that the system response
can oscillate at two different frequencies.

Ldip  Qlen OTE s Gl = K)o

8 (8-) UW
LY = 1+ GLY =0
= féﬁgﬂsl-rw ~20) FxisH)=0

P A3y
91—

[12 marks]
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Q.5 (b)

For the circuit shown in figure below, obtain the equivalent resistance at terminals
a - b. Also find total current I as indicated below.

150 200
——WW—————
I , 110 100 200
l'.l'.l'l' l'.lﬁﬁ *AAA
2400 50 €2

[12 marks]

Ra= R+ Ryt Rafy
- e

Ra = (80) (4o) +14o) L2))

89

\)wo o)m)—mu)uo .-
300

Re = \B)\W9) +\\\o)k2u.+ 200 o B
: M
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Q.5 (¢)| Determine the transfer function % for a system represented by the block diagram

shown below :

' Ll
£ i ‘ 1 X < A
R(s) _i : ; ‘%é;f__ a(s)

Here K> okl Nambeo OT %ﬁ'rv)qﬂﬂ pedt
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Q.5(d)| Use the concept of source transformation to find the phasor voltage v, in the circuit
shown below. Also, calculate the total current I, of the circuit.

10 B3R 020 j060

Iy

4020° V(%)

10 &

[12 marks]
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Q.5 (e)

A second-order servo-mechanism with unity feedback, has the open-loop transfer

function G(s) = . Find the gain k so that the steady-state error shall not exceed

s(s +4)

0.4 degree when the input shaft is rotated at 3 rpm. (Assume input r(f) = wt)
[12 marks]

oo OLTE= Ge k

F

He Ud}adlg CUsl Lonatamt for a duse,
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Q.6 (a)

(i) Determine the current supplied by the battery in the circuit shown below by using
Mesh Analysis only.

100 . 1002

300 &

100 &2

(ii) By constructing Millman equivalent voltage source with respect to terminals
x-, find the voltage across 40  resistor.

180 © % 15V
|
1

75V T 2000 (Pooza FTaoo

120 Q Y
[10 + 10 marks]

—|o0 4 -:['*GDLﬁ $%0 Lb ~\S0le =0
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K(s+4)
(s+10)*

The open-loop transfer function of a system is G(s) = What must be the value

of K that the gain cross-over frequency is w . =30 rad /s. Also find gain margin and
phase margin for that value of K. Also comment on stability of system.
[20 marks]
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Q.6 (<)

independent source.

200 Q

<> 0.02V, /@ %, 100 Q

200 Q
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v,(| 0.06Ar>=:1509
2 13 :.

28V
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Find the values for the loop currents [, , I, , I, and the power:_"delivered by each

[20 marks]
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Q.7 (a)| (i) The response of a feedback system to a unit step input is
C(t) =1+ 026760 — 1 2¢720!
(a) Obtain the expression for the closed loop transfer function.
(b) Determine the undamped natural frequency and damping ratio of the system.

(ii) Consider the unity feedback system whose open loop transfer function

G(s)H(s) = p (:_ 5" When this system is excited by a unit step input then calculate

the output response and comment on the peak overshoot of the system.

R(s) 4% GO}t

His) =1

[10 + 10 marks]
ﬁﬁﬂ L‘) QLH: |+ O.QQ‘GO{*__I‘QQ-_N&
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' 5L§+cc)LS+(°)

CO) = _goo
Rl T 60 8H3+(0)

(lp= dte} QAV%\)

= L
S
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e | S460)L S’r\)
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S 30 9+6oo

% Cdmpwﬁ dlovel ol decond  Gweler ~
Th= _ On®

S ’f‘ &&wr\j\_f_ Oo"\



Do not
write in

e MADE EASY Question Cum Answer Booklet ' Page 54of 73 | i i
W= fo = Gon= 4.\ Tod [sec
Q? % UJ n — q—o

R Wn

%:—q—-__gy: oY 283 @

QLTPZ B = Q-f
S —
(&+9) GWOOO( 0{00('%
Ol t= ik dhep Ay
RLS) —%@TX%
e _Gyu- - _""n
\+ Gy S(s+y)
T
Stets)
Ty = 4 i i
55 ,Sﬂ/“ —0
be=, L
\ 2
sy =9r= Y I TN

SCSHNLS) T s Ty sw

& sfon»\a Tur
ey A e A
S /S:H ' H\.,

v




mnDE_ ERSY Question Cum Answer Booklet | Page 55 of 73

Do not
write in
this margin

= . =LA
S5 S8+ Y




MBEDE ERSY Question Cum Answer Booklet l Page 56 of 73

Do not
write in
this margin

Q.7 (b)

(i) For the circuit shown in figure, calculate the value of X that will give maximum
power transfer to the 20 Q Joad. Also calculate the maximum power delivered to
Joad.

j10Q

80 -jX /\‘

V,=220V (rms) (T 20 Q
(ii) Calculate current I, for the circuit shown below :
20 AQ ~J2Q
— ¢
L
s0v(®) 60F 40 () 5290° A
(rms)
30 T
[12 + 8 marks]
" -
\ S M =2 I
+ & K
g v\ L il
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Q.7 (¢)| The open loop transfer function of a unity negative feedback system is'given as

1+4s
s7(1+ s)(1 + 2s)

G(s) =

The Nyquist contour in s-plane eh"closes the entire right half plahe and a small neighbour
around origin in left half plane; as shown in figure. Draw the Nyquist plot of the system
and examine its closed loop stability.
Im(s)

9 \'\q_
(— Re(s)

[20 marks]
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Q.8 (a)| (i) Determine the current !, [, and I, in the circuit shown. Take w = 1000 rad/ sec.

k=05
L, /\ 8Q |,
o —WW——
f0Q 1f 109

3290° A(Y) 40 = _j5 () 2020°a

(ii) Calculate voltage V_ for the circuit shown below.
‘ 4 Q

s =1k

1300A() 202V, 3V, =-2Q

[15 + 5 marks]
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2.8 (b}

K(s—1)
(s+2)(s+3)
(i) Find the range of K for closed loop stability.

(ii) Plot the root locus for K < 0.
(iii) Assuming a step input, what value of K will result in the smallest attainable settling
time?

Let G(s) = with unity negative feedback.

[20 marks]
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(1) Obtain the current i(f) for both t <O and t > 0.

i(t)

20V 48V 2H
t=0
2Q 6Q 3Q

(ii) A simple relaxation oscillator circuit is shown in figure. The neon lamp fires when
its voltage reaches 75 V and turns off when its voltage drop to 30 V. Its resistance is
120 ©, when ‘ON’ and infinitely high when ‘OFF".

4 MQ

AAAA
T¥YY

+
120V -+ 6 uF =

Fi

Neon Lamp

For how long is the lamp on each time the capacitor discharges? What is the time
interval between two flashes?
[10 + 10 marks]
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