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Section A : Electrical Circuits

In the circuit shown below the switch ‘S’ is closed at t = 0, and is opened after 10 ms. What
will be the currents in R}, L, and L,, and voltage across C,, 8 ms after switch ‘S” opens?
Assume D, to be an ideal diode and a 0.7 V drop across D, whenever it conducts.
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(b)

Find the voltage transfer function V, /V, for the network given below:
; s M\.
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(c)

Draw the dual of the circuit shown in figure.

o) 3.

C=
R L, , 3
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2Q 3H 1F
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10v(®) 2032 1H 21Q
ZFT

[12 marks]
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Using the superposition theorem determine V|, the voltage across the 3 Q resistor in
figure below,
ic -
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Q.1 (e)| Write the loop equations of the circuit and find the voltage V, .
20 A SEEE V)
100° (V)@; 2100
27T
I_.
5Q 2Q
[12 marks]
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Q.2 (a)| (i) Obtain the ABCD parameters for the network shown in figure below.
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Q2 (a)

(ii) Find the hybrid parameters for the network shown in figure below.
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Q:2(b)

(i) Determine the current I, and I, in the circuit shown in figure below, using
T-equivalent circuit for the linear transformer.

4Q j1Q
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Q.2(b)| (ii) A voltage of v = (2000 sin wt + 400 sin 3wt + 100 sin 5wt) volts is applied to a series
circuit having R =10 Q and C = 30 uF and a variable inductance.

1. Find the value of inductance so as to give resonance at 3’ harmonic frequency.
2. What are the rms values of voltage and current with this inductance in circuit?

(Take w = 300 rad/sec).
[12 marks]
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Q2 (g

(i) What is the voltage and power gain of the circuit shown in figure? Assume n = %

100 Q2
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0o 5
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=200
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N . 1:n .
| v, | R, (Load)

i =100

[10 marks]
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Q.2 (¢)| (ii) Consider the circuit shown below:

fc - &t=0 liR
=48 Q)
]

3u(-f) CD ﬁ F ::+VC

AAAA

=040
-3

AAAA

i|§10H

After being open for a long time, the switch is closed at ¢ = 0. Find
1. i(0) 2, VA0) 3. (09
4. i(0%) 5. V~(0.2) using Laplace transform approach.
[10 marks]




MABDE ERASY Question Cum Answer Booklet

Page 21 of 86

Do not
write in
this margin




MBDE ERASY4Y Question Cum Answer Booklet | Page 22 of 86

Do ne
write il
this m.

Q3 (@)

(i) A 415-V, 50-Hz, three-phase voltage is applied to three star-connected identical

impedances. Each impedance consists of a resistance of 15 Q, a capacitance of 177 pF
and an inductance of 0.1 henry in series.

Find:

1. the phase current, 2. the line current,
3. the power factor, 4. the active power,
5.  the reactive power and 6. the total VA.

Draw a neat phasor diagram. If the same impedances are connected in delta, find
the (i) line current and (ii) power consumed.
[10 marks]
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{ii) A coil having a resistance of 20 Q and an inductance of 200 pH is connected in
parallel with a variable capacitor. This parallel combination is connected in series
with a resistance of 8000 Q. A voltage of 230 V at a frequency of 10° Hz is applied
across the circuit.

Calculate:

1. the value of capacitance at resonance,
2. Q-factor of the circuit,

3. dynamic impedance of the circuit, and
4

total circuit current.
[10 marks]
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(b}] (i) For the circuit shown in figure:
t=0 1 YF
1
I

-+
 1kQ V()

wv(E) k| F10kQ ¢

N
AAAA

1. Find the expression of V(#), the voltage across 1 k{2 resistor when the switch is
opened at time, £ = (.
2. Sketch V(#) with respect to time () and mark the time constant ¢.
[10 marks]
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(b)

(ii) For the parallel inductive circuit shown below with switch closed at ¢ = 1s,
v (f) = cos() V for t 2 0 and 0 otherwise, find:
1. the input current i {t) for ¢ > 0 sec.
2. the energy stored in each of the inductors for the intervals [0, {] for0<¢<1 and

forl <t

vilt)

sCC

B (6

g

1

H

} i ()
L,=1H

000~

[10 marks]
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Q3 (q)

Consider the network shown below;
_52){ e
sn”  10Q t=2
—WW———WW :
t=0 200Q | it

sa() S50 _ §5H

Switch S, is closed at ¢ = 0, and switch S, is closed at ¢ = 2 sec. Calculate current i(t) for

all t, and also find i(t) | , . ; ... and i(8) | ;= 5 o

[20 marks]
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(a)

For the circuit shown in figure, find the current through 5 Q resistor by using Thevenin’s
theorem and verify the same by using superposition theorem.
A 5 B
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Q.4 (b)| (i) Find the Thevenin's equivalent of the circuit shown in figure below as seen from the

load impedance Z, .
(ii) Find the value of Z; for maximum power transfer and also the maximum power

transfer to the load Z;.

100£0° V (~

[10 + 10 marks]
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Q4 (d)

(i) Evaluate the ratio V,/V, in the circuit shown below.

50 I I

MW < 2wl Rk
+ +
z2;,=88Q
72, =88

Zn =200 -
9, VlL = v, ¥

2100

20Q

[10 marks]
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Q4 (o)

(ii) By using superposition theorem, find current I, in the circuit shown below:
100y

5020 (2)
By Sufepe S Tion . [10 marks]
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Q5 (a)

Section B : Systems & Signal Processing

Find the Fourier transform of the rectangular pulse

1, |n|<N;

0, [n|>N,

which is illustrated in figure below. Also draw the magnitude and phase spectrum for
Ny =2,

x(n)=u(n+Np)-u(n-N; —1)={

x(1)

oy g Y
T y
W_\ \‘ —- 2,-
LR . e




MADE ERARSY Question Cum Answer Booklet

Page 47 of 86

Do not
write in
this margin

2—

'xtakﬂ = e
2

_{wn




MBDE ERSY Question Cum Answer Booklet | Page 48 of 86

Do e

this

Q.5 (b)

Consider the continuous-time signal x(f) = cos(100xt):

(i} Determine the minimum sampling rate required to avoid aliasing.

(ii) Suppose that the signal is sampled at the rate f, = 200 Hz. What is the discrete-time
signal obtained after sampling?

(iii) Suppose that the signal is sampled at the rate f, = 75 Hz. What is the discrete-time
signal obtained after sampling? _

(iv) What is the frequency 0 < f<f_ /2 of a sinusoid that yields samples identical to those
obtained in part (iii)?

v (£) = (ea(i0o7 B
L @) T

o B S
f\ h% cw\)ﬁ%ol oﬁ%&m@ U:'&%md)o!

Lse. ﬁgomf\f)w ot sta Nyquict
ode L

g 9L O
ia @/’;: 100 Hz

fi> &igr\aﬁ, MQQQ@L ot fr =200H
Ry = Lo (100 7 1)

X L(\\ — /ng/t\e%ﬁx(\

[12 marks]
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Q.5 (c)| Determine the signal x(n) whose z-transform is given by
X(z) = log(1 +azV), |z| > |a

dud

= s Tgqrel-
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2579

Q.5(d)

e

Discuss the Dirichlet conditions for the existence of the Continuous-Time Fourier
Transform. Are these conditions mandatory for a signal to possess a Fourier transform?

Explain with examples.
[12 marks]
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’ MADE ERSY Question Cum Answer Booklet | Page 53 0f 86 |yi=t .
e}| Find the Fourier transform of the signum function x(f) = sgn(#).
L >0
sgn(f)=4 0, t=0
‘—1, t<0
Also draw the magnitude and phase spectrum of X(w).
}\L’c’\ [12 marks]
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(i) AnLTIsystem has a unit step response given by s(t} = (1 - e”*- te"Ju(t). For a certain
input x(f), the output is observed to be equal to y(#) = (2 - 3¢ + e-*)u(t). What is x(t)?
[12 marks]
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(ii) Determine the Fourier transform of the signal shown in the following figure.
x(t)

|
3]
|
VY
o
[ P
N

[8 marks]
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(i) Find the trigonometric Fourier series for the waveforms shown in figure below and
sketch the line spectrum.

[12 marks]
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Q.6(b}| (ii) A causal and stable LTI system “ 5" has the property that when we apply the input;

n

[%) u(n), it gives the output n[%] u(n).

Determine the transfer function H(e/®) for the system.
[8 marks]
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(i) Determine the transient response and steady-state response of the system
characterized by the difference equation, y(n) = 0.5y(n - 1) + x(n), when the input
signal is x(n) = 10 cos(nn/4)u(n). The system is initially at rest (i.e., it is relaxed).

[10 marks]
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(ii) Solve the difference equation using the one-sided z-transform y(n) = x(n) + by (n - 1)

with initial condition y(-1) = P. Assume input be x(n) = ej“’“"u(n) .

[10 marks]
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Determine the values of power and energy for each of the following signals. Also find
the nature of signals.

(i) x,(t) =e2u().

(i) x,(f) = /@t+7/9),

(iid) x,(r1) = cos[(g]n}
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Q.7 (b)

Find the inverse Laplace transform of

X(s) = -55-7
(s+1)(s—1)(s+2)

if the ROC is

i) Ri{s}>1

(i) R{s}<-2

(iii) -1 <R{s} <1
(iv) -2<R{s} <-1

[20 marks]

-

% R

[+ ) LS £ LS—H,\




MRDE ERSY Question Cum Answer Booklet | Page 71 of 86

Do not
write in
this margin

e e oty

—Gﬁf
= “‘-{CZL
TR SR kg
Lt &IMW
L e )LLL“t\
el
=

PRl - o
e S+

RSS (S

/ e :L'LL L_\t\ S (it u_L‘—'t'\

FLL’U\ = ej@

V) £Z RFet) re abwip RoC
Rignt i \ug%tgﬁ.
WA 99 ik
O o= "gf__; S<3

N—/




MBDE ERSY Question Cum Answer Booklet

Page 72 of 86




MBDE ERSY Question Cum Answer Booklet | Page 73 of 86

Do not
write in
this margin

An analog filter has the transfer function:

10
B =
) s2 +75+10

Design a digital filter H(z) using the Bilinear Transformation method with a sampling
period of T = 0.2 seconds.

(i) Determine the discrete-time transfer function H(z).
(ii) Find the difference equation of the system relating x(n) and y(n).
(iii) Determine the poles of H(z) and comment on the stability of the digital filter.
[20 marks]
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Q.8 (a)

Compute the convolution y(n) = x(n) * h(n) of the following pairs of signals.
(i) x(n) = (0.8)" u(n) and h(n) = (0.4)" u(n).

(i) x(n)=u(n-1)and h(n) = o"u(n - 1).

(iii) x(n) = r(n) = nu(n) and h(n) = -a™u(n - 1), wherea < 1.

[20 marks]
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Q.8(b)

Consider a periodic square wave x(t) with amplitude A, period T centered at t =0, and
duty cycle 50%:
(i) Derive the expression for the Trigonometric Fourier Series coefficients.

(ii) Explain the Gibbs Phenomenon in the context of reconstructing this signal using a
finite number of harmonics.

(iii) Use the duality property of the Fourier Transform to find the transform of

sin(at)
nt

8(t) =

[20 marks]
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(i) The input x(#) and output y(t) of a causal LTI system are related through the block
diagram representation shown in the below figure.

) " y(&)
./ EE L/

-2 E 10

5
-1 ] -6
1. Determine a differential equation relating y(f) and x().
2. Is this system stable?

4
s

(ii) The input and output of a causal LTI system is related by the differential equation

2y(t) | dy(t)
2
dt dt
What is the response of this system, if x(f) = te=2 u(t)?

+8y(t) = 2x(t)

[10 + 10 marks]
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