NS

MARADE ERASY

Leading Institute for ESE, GATE & PSUs

ESE 2026 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Electronics & Telecommunication Engineering

Test-2 : Digital Circuits + Microprocessors and Microcontroller [All topics]
Network Theory-1 + Signals and Systems-1 [Part Syllabus]

Name ......................... B T D T T P T e PP ST T TR T PP P
Roll No:
Test Centres Student’s Signature
Delhi M Bhopal ] Jaipur ] '
Pune (] Hyderabad []
Instructions for Candidates
Question No. Marks Obtained
1. Do furnish the appropriate details in the arron A
answer sheet (viz. Name & Roll Na).
o Q1 2y
2. There are Eight questions divided in TWO Q2 ‘

sections,

Q3 s

3. Candidate has to attempt FIVE questions

in all in English only. Q4 (5\ S
4. Question no. 1 and 5 are compulsory Section-B

and out of the remaining THREE are to Qs 3u

be attempted choosing at least ONE Q6 %

question from each section.

Q7

Q8 RE
6. The space limit for every part of the
question is specified in this Question Cum Total Marks , 5
Answer Booklet. Candidate should write Obtained ({
the answer in the space provided.

5. Use only black/blue pen.

7. Any page or portion of the page left blank Signature of Evaluator Cross Checked by

in the Question Cum Answer Booklet
must be cleariy struck off.

8. There are few rough work sheets at the _,,!1&
end of this booklet. Strike off these pages

after completion of the examination. - QO‘JK crn) j(fu I CTCC(,[

Corp. office: 44 - A/1, Kalu Sarai, New Delhi-110016 | Ph:9021300500 | Web: www.madeeasy.in

o?l’dd\(’ﬂ yrvre fo Q\{d‘l\J Sllb Y\'\N)H,[C)A




IMPORTANT INSTRUCTIONS

CANDIDATES SHOULD READ THE UNDERMENTIONED INSTRUCTIONS
CAREFULLY. VIOLATION OF ANY OF THE INSTRUCTIONS MAY LEAD TO PENALTY.

DONT'S

1.

Do not write your name or registration number anywhere inside this Question-cum-
Answer Booklet (QCAB).

2. Do not write anything other than the actual answers to the questions anywhere inside
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. ,

A (ah

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.



Do not
MADE ERSY Question Cum Answer Booklet | Page 10of 72 |yicen o

Section A : Digital Circuits + Microprocessors & Microcontroller

(a)| Consider the combinational circuit shown below has four inputs (a: b c, d) and one

output Z.
L[] ﬂ
J'r[]
I'.l
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I, 8x1
4
= 5
" g = I
17 SZ S‘1 SU

P
> a b ¢

For the above given combinational circuit,

[ ]
(i) construct the truth table. -

(ii) write the minimized lc;gic expression for output Z = f(a, b, ¢, d).
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-(b)

(i) Convert n-bit base-3 number to n-bit base-9 number.

(ii) Convert (211101222211122), to (), using the result obtained in part (i).

[6 + 6 marks]




MRARDE ERSY Question Cum Answer Booklet

Page 4 of 72

Do m
write
thismr

Q1 ()

Write an assembly language program using 8086 micrbprocessor to add two 16-bit
hexadecimal numbers stored in memory at addresses 0200 H and 0202 H. Store the

result in memory.

[12 marks]
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1(d)

Using 8085 microprocessor, write an assembly language program to find the 9's
complement of a decimal digit stored in memory at address location 2050 H.

[12 marks]
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Q.1 (e)

Consider the logic function given below:
F=ABCD+ABCD+ABC+ AB
(i) Simplify the above function using K-map.
(ii) Realize the logic function using only NAND gates.
(iii) Realize the logic function using only NOR gates. [12 marks}]
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Q.2 (a)

Write an assembly language program for an 8051 microcontroller to generate 100 kHz
square wave (70% duty cycle) at Pin P2.0 by using Timer 1 operating in Mode 2. Assume

that the microcontroller is operating with 12 MHz crystal oscillator.
[20 marks}
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Q.2(b)| For the following combinational circuit, construct the truth table and obtain the simplified
SOP expression of the output function (F).

1— Ig
0—— I, 4x1 |p
z— |1, MUX [
Z— 1
35 5
(MSB)
X— D, B, D
4x2 |
5 7
Y 2 Priority Bo B
Z Dy Encoder _x
l__ D, 1% _/

[20 marks]
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Q.2 ()

Explain different transfer modes of an 8237 DMA controller in active cycle.

[20 marks]
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Q.3 (a)| (i) A digital design is implemented by the circuit given below:

F1 X F2 % F3 X
1
x—[p, @ D, &FD; &

e T ( —
The design has D-type flip flops, F1, F2 and F3 driven by the clock ‘CLK". It has one
input ‘X" and one output‘Z’.

1. Find output logic expression for 'Z’.

2. Identify the functionality of the given circuit.

(if) Analyze the logic circuit shown below and also draw the state diagram for the
given circuit.

clk—>
Q
[10 + 10 marks]
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3(b)

Write an assembly language program using 8051 microcontroller {with clock frequency

12 MHz) for a simple traffic light control system using LEDs connected to port 2 of the
microcontroiler.

Assume LED connections
* P20 — Red LED (ON for 5 sec).
* P21 — Yellow LED (ON for 5 sec).
* P22 — Green LED (ON for 2 sec).
Assume this program cycles through Red-Green-Yellow lights with delays.
[20 marks]
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Q.3 (o)

(i)

Calculate the output voltage for an input code word 0110 if a logic 1 is 10 V and

logic 0is 0V, Assume R = Rf= 1 k€.

MSB R

4-bit Register

s8 —

(ii) Consider the sequential circuit shown below:

D 1 Ql ?:C D Z

QZ PZ ‘DS Q3

>

Y

clk > >
X

1. Fill in the table for the next state values of the three flip-flops for the given
current state of the flip-flops and the inputs X and Y. Assume setup and hold
times are synchronized with flip-flop inputs.

O Q| Q| X|Y|0Q] Q| Q5

4] 011
11011

010 10

2. For the timing diagram shown below, what is the value of Q,, Q, and Q, at the
time indicated by the dashed line in the figure if the value at t = ¢, for
,Q,Q; = 001? (Assume the flip-flops are negative edge trigerred)

X

T

|

[10 + 10 marks]
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Q4 (a)

(i} Design an Excess-3 to BCD code converter (Use don’t cares for unused codes).

(ii) The simplified logic expression for output in the circuit shown in below figure is

}J

. LDH
D1

[15 + 5 marks]
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4 (b)

Implement the following functions using single (3 x 6 x 4) programmable logic array
(PLA) with programmable output polarity feature.

F,(A, B,C) = Zm(1246) » .
F,(A,B,C)=3¥m(0,1,6,7) R PO
E(A4, B, C)y= ( 6) .
F, (A B,C)= (1 2,3,5,7) |
;s [20 marks]
S axgr g PLA

/ l \ OR Gall lines

)
(A 6,(’) "fh%rz ) (outp

9
Fi(A,B8,0)= uj:ﬁ'h-,(k?:"fg)_ g P\\C

o Mg o lYES (
F‘LA(G.Q‘J AC +RBLtbe ,,;.) ‘ o
| F= pgc+pbc ™ )

FLlAb) > Cm (o'\,ﬁﬂ‘)

HABC) 2 BB« AB
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4 (c)

(i) Describe memory segmentation in 8086 microprocessor with the help of block

diagram.

(i) What are the different addressing modes of 8051 microcontroller?

[10 + 10 marks]
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Q.5 (a)

Section B : Network Theory-1 + Signals and Systems-1

A triangular wave shown in figure (a) is applied as an input to a series RL circuit shown
in figure (b). Find the current i(t).

[12 marks]
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Q5 (b)

(i)

(i1)

Find whether the following system is static, linear, time-invariant, causal, invertible.
t+1
y(t) = _[ x(T—0)dt where, ‘0 is a constant.
’ '
The response of an LTI system to an input signal x, (£} = u(t + 1) - u(t - 1) is denoted
as g(1), as illustrated in the figure below. If a new input x,(t) is applied to the same
system, resulting in an output y(#). Determine the value of the output at { = 0.

glt} - ’

x(6)
" 2
¢ rrh t
01 2 3 4 ' 31|13
2 2 | 2 2
@ / - [6 + 6 marks]
m Gven % (B> clta) —ult-1)
% 18
1
- ‘ Lt .
-’ r
0(\(5)

aty v Nj'mm*v‘" ¢ 7

\

cﬂow* 1\"““’

£
L poathw ha\u( /Fw' t7o |
\*g}’rt’) +av(t§€!3 s (b-2) ~9( [£-3) 4 o1 (-
_ule-u)
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iy e o o § —1) ~ u(-4)
9B > 3wl + )~ wl-o) ~ulkeT) e ab-1)
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Compute ‘V1 and V, in the below circuit:
10245°V °

*@_‘

Vl 1 4Q 2V2
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Yyvy
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w 5] + 553 2 s ) M
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[12 marks]
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\ 5‘_—) 2 3 % 5@(:71’3—)(*3) : .
14 (5-3) 2 3+ a Go (4e5h)- 350 ]

W) > 2 5[ -0) (is- 20)

a [V, 7 4309 - 49.49y

Vo= vyt 50 2 W3 -WNYy L salin)

o - 2

Av, = (4169 - 42.99Y) + 1y (43)(6-) ,U{\I'“ ~19970) + 8485 153 .54
- U\r}'j) I%e

% [V, 5 127:92 4 703)
1o-2] |
ctions? ‘ ™

QS5(d)| (i) Whatare eigen -
(i) Express sint + cos 2t in terms of exponential eigen functions. \

~

(iii} Using the eigen functions obtained above, calculate the response of the system

2

d d
having difference equation :i?y_ + 67]: +y(f) = 5%—3: +x(t) for the input sint + cos 2¢?

[12 marks])
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Q.5 {e)

For a linear transformer shown in figure below, with Z, = (60 - j100) 2, Z, = (30 + j40} Q
and Z; = (80 - j60) €; find the input impedance and the current I,.
L

50£60°(V)

[12 marks]
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Q.6 (a)

()

(i)

Consider the discrete time signals x[n] = a"u|n], 0 <a <1 and h[n] = u[n]. Explain
the graphical method for computing the discrete-time convolution. Tllustrate the
steps to obtain the analytical expression for y{n] graphically. Sketch the output
signal y[n].

n

Let y[r] denote the convolution of h{n] and g[n], where h[n]= [%} u[n] and g[n] is

1
a causal sequence. If y[0] =1 and y[1]= 5 determine the value of g[1].
[12 + 8 marks]
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Q.6(b)| (i) A resistance of 25Q is connected in series with a choke coil. The series combination
when connected across a 250 V, 50 Hz supply, draw a current of 4-A which lags
behind the voltage by 65°. Calculate: total power (VA = W3%jVAR), Power consumed
by resistance (R = 25 Q), Power consumed by choke coil, and resistance and
inductance of the coil.

250 V,50Hz

(ii) Solve for V, in the below circuit using mesh analysis,

-4 Q= <D4ZU°A .%69'

8Q 5O
- AWM————
+
vl  2eTv, (D3 A

[10 + 10 marks]
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Q.6 (c)

(i) Ifi, =2 cos 10t (A), find the total energy stored in the passive network shown in
figure (a) at t = 0 for coefficient of coupling, k = 0.6 and terminals x and y left open-

circuited.
30 M
2N
I 04H 25H
vy

Fig. (a)
{ii} Determine the amount of energy stored after (.5s, when the primary side of the
circuit shown in figure (b} is connected to a dc source of 15 V and the secondary is

shortcircuited. Given: L, =2H, L,=3Hand M=1H.

M=1H
£ TN . x

+

v, 2H §3H

. .y

Fig. (b)
[5 + 15 marks]
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(i) Find the Inverse Fourier Transform x(f) for the given frequency domain expression:

X(jo)=

PG

(ii) Evaluate the following integral mvolvmg the doublet function:

2
I= _Lcosgt [6/(2t—1)+58(t—4)]dt

[12 + 8 marks]
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Q.7 (b)

(1)

(i)

A continuous-time signal x(f) = e?u(-t) is applied to the input of a continuous-time
Linear Time-Invariant system. The system is characterized by its unit impulse
response fi(f) = u(t - 3). Determine the mathematical expression for the output y(t)
of the system using convolution integral. Sketch the resulting output signal y(t)
labelling all critical time instances and the steady state value.

n n-1
The unit sample response of a LTI system is h(n) = 3{—12—] u(n)- 2{%} u(n) and

the output of the system is y(r) when unit step u(n) is applied at the input. Determine
the steady state value of the output as n — .
[10 + 10 marks]
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Q.7 (¢)| In the circuit shown below, if the source voltage V.= 110253.13°V,

40 BQ 78 60
— B —— MWW

s-— VLl

AC) D <> s, > 10vy, D

With the help of Norton and Maximum power transfer theorem, determine whether the
maximum power is transferred to load for R; = 10 Q, and also calculate the power
delivered to load for R, =10 Q.

AAAA
ey

R,=10Q

[20 marks]
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(i)

S

-_—

When connected to a 120 V (rms), 60 Hz power line, a load absorbs 4 kW at a
lagging power factor of 0.8. Find the value of capacitance required to be added in
paralle] to raise the pf to 0.95 while the load absorbs the same power.

A series-connected circuit has R =4 Q and L = 25 mH.

1. Calculate the value of C that will produce a quality factor of 50.
2. Find half power frequencies w,, w, and BW.

3. Determine the average power dissipated at ® = 0y, ©,, w,.

(Take V, =100V
[10 + 10 marks]

@) Seri KL CKEE
Loy 9 L=325mH

C % t
- To /mdude ‘ZW’“M{ (@\C/’rr ?50. m;u-m‘wﬂ

)/
okt 0> % o J'cl
el
Gy 4 oo ALC G, at swonance s
a [4
!
Gy e ==
e
] asxsd
- wtl ! L 9 02
s Z éjfc’:_ L’ =

}7/ P |
@ % @00)x15xru’3 » C> 25 ¢y !’F

Yo

4 BH
. 0y, oy ON
4 Hall ﬂmLY WUU)
| R 2 160 H 2-
- o DT e N #
ona L N 352K
\[/LC zyxto"ij‘M /“UA —
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(b}

MBDE ERSY Question Cum Answer Booklet l Page 65 of 72
(i) AnLTIsystem S is defined by its impulse response:
‘ h(t) = sin(4(t-1))
n(t—1)
The system is excited by an input signal x(t)=cos 6t+g . Using frequency-
domain analysis, determine the mathematical expression for the output y(f).
(ii) The impulse response of a causal discrete time LTI system is given by h[n] = a"u[n],
where 2 > 0 and u[n] is the unit step function. Derive the expression for the unit
step response s[n] of the system. It is given that the step response atn =2 is 5[2] = 7.
Determine the value of the parameter a.
[10 + 10 marks]
Ars:
) p(v)= autn) , a0

{mpdgt
nga ) QJ\QW
unit Akp wpOTIE UiV &DQ/X\
Gven §pd=7-

uné Hp 2w enie o @"R(Tmﬁm (g

SO
~ J‘[n] 2 &)(9’0 &’

/AR
Sffﬁ 2 i L e y TE
=1
o Bt Sl

| g ;far—é.':o
A dv—{' ata # A

> a> 85

(ﬁ ,?)9 (a—!':’)) 20

=)

\ = %
Smce a7o v ﬁ?w‘”r itlr g
v ‘

v a
-
e

.-5——'_-_-:_'—_-——__—”—’“-
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Q.8 (¢)

(i)  For the circuit shown in figure below:
. 4‘""‘"" ""“" “A"'A"
1 80Q2 24 Q 50 Q
2250
< +
Vs=zovdi) 00  330Q3V,
Ze00 $200 i

Calculate:
1. Inputcurrent, i
2. Output voltage, V,

3. Power Efficiency of the system if V_ and i is considered as input and P, is
considered as output power.

(ii) Let u(f) be the unit step function and r(t) = tu(t) be the unit ramp function. Derive
the expression for the convolution z(t} = u(t + 1) * r(t - 2). Simplify the result and
sketch the waveform of z(t).

[12 + 8 marks]

[ 4

o
s O To calenlabe  Iopuk  Cwrent T
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