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(@)

Section A : Network Theory

Briefly explain sources used in network (independent and dependent sources) and their

types.
[12 marks]
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Draw the phasor diagram for the circuit shown and prove that the condition for resonance
is
L_ Ri+o’l’
C 1+R2w’C®
R; Rc
E

Also, calculate the value of ® (rad/sec) at resonance.
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An iron-cored coil takes 4A at a power factor of 0.5 when connected to a 200-V, 50 Hz
supply. When the iron core is removed and the voltage is reduced to 40 V, the current rises

to 5 A at a pf of 0.8. Find the iron loss in the core and inductance in each case.
[12 marks]
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Q.1(d)|{ Inthenetwork shownbelow, find the value of V, so that the current through Z, = (2 +;3) Q
impedance is zero. '
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Q.1 (e)

Represent a Delta connected capacitive circuit as an equivalent star connection and also
express the star connected capacitive elements in terms of the delta connected capacitive
elements.

[12 marks]
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Q.2 (a)| For the network shown in figure below, write down the tieset matrix and obtain the
network equilibrium equations in matrix form using KVL. Calculate the loop currents
and branch currents.

[20 marks]
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(b)

For the networks shown in figure below,
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Network (ii)

On applying 10 V voltage source across terminal CD and AB respectively in network
(i) and (ii), we get same power delivered by the source. Derive the relationship between
the resistance present in network (i) and (ii). And also calculate the power delivered by

the source for R, =10 Q.

[20 marks]
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Q2 {q)

Consider a two port network shown in figure below,

. g % T
If transmission parameters matrix of the network is [

Then, calculate:

(i) parameters of the circuit: R,, x, y and z.

(ii) the value of load impedance (Z,), for maximum power transfer.

(iii) maximum power transfer to load for V, = 0.1 volt.

[20 marks]
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(i) State 'Voltage to current source transformation” theorem. It is required to replace
network N in figure (a) by a suitable equivalent network. Which of the networks of
figure (b) could be valid equivalent network (s)?

1
A A A
2A (D SA 1Q 3A 10
B : B B
(i} {id) {#ti)

Fig. (b)

(ii) The network of capacitors in the figure below is composed of a 2F capacitor on
each edge of a cube along with a capacitor of 2F connected to the vertices of the
cube as shown. Find the C, ;.1 between the terminals A-B and also calculate the

energy stored by the capacitive circuit if 5 V is applied across the terminal A-B.
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(b)

:/05/

For the circuit shown in figure below:

1A

- AAA
o ]
o)

I

W
=

o

[>~]

Calculate:
(i) Norton equivalent circuit across A-B.
(i) Load impedance across AB for Maximum Power Transfer.

(iij) Maximum Power Transfer to load, obtained in part (ii} and also comment on the

result
[20 marks]
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()| Consider the two-port network ‘N’ given below:
Input E
port __"'
N, and N, are two 2-port networks connected in parallel on both input port side as well
as output port side, to form a composite 2-port network N as indicated.
N, and N, are defined by the z-parameters as below:
4 3 3 2
[Zn1]= 3 5 Q’[anlz 2 4 Q
Obtain the transmission parameters for the composite 2-port network N. Also, express
the transmission parameters in terms of short circuit parameters.
) [20 marks]
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Q4 (a)

S

A series RC circuit has R = 9 kQ, C = 20 uF and two voltage source in series given by
V, = 20u(-f) and V, = 20u(f - t') V. Determine the complete expression for the voltage
across the capacitor and pIot it as a function of time, assuming ' as a positive quantity.

[20 marks]
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(b)

In the circuit shown in the figure below, |V, | =200V, V, =200 £0° V and |I| =12 A.
The total power absorbed by the circuit is 1.8 kW. Find R, X, and X,,
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Q4 (9

R

For the circuit shown in figure, obtain the value of voltage across 0.5 Q and 2.5 Q resistors
using nodal analysis. '

[20 marks]
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j (a)

Section B : Signals and Systems

(i) State and prove commutative property and distributive property of convolution
in discrete time domain.

(if) Sketch the spectrum of modulated signal y(t) = x(f) - m(#), if

1-|f; |f|<2
. d = cos 157t
1. X(f)= { . otherwise and m(f) = cos 15nt

2. X(f) = rect (0.25 f) and m(t) = cos 2nt.
3. X{(f) =rect (f) and m(f) = cos 7it.

[6 + 6 marks]
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Q5 (b)

&>

The complex exponential Fourier series representation of a signal f(t) over the interval
(0, T)is

= % e

o S A (nm)?

(i) What is the numerical value of T?
(ii) If one of the components of f(t) is Acos 3nt, determine the value of A.

(iii) Determine the power contained by the signal f(f) upto the first four harmonics as a
percentage of total power of signal.
3
4+ (nm)?

oD

Note: Z

H=—00

= 0.669

[4 + 4 + 4 marks]
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(i) Find the Laplace transform of the triangular wave shown in figure.
x(t)

0 1 2 3 4 5 6 t
(ii) Determine whether the signal below is periodic or not and if periodic, determine
the fundamental period of the signal.

x(n) = Re[ejm/u]-k Im[ej”ﬂfls]

[8 + 4 marks]
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RS

,{xmdawidaj ASne rex‘?ool

N> tem [ w0, /N ]

Compute the circular convolution of the following sequences using DFT and IDFT:
x(m)={1,2,1,2} and x,(n)=1{4,3,2 1}
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Derive the impulse response /1 (1) of a highpass filter to meet the following specifications:
Cutoff frequency = 250 Hz

‘Sampling frequency f, = 1 kHz and
Filter length =7 [12 marks}
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Q.6 (a)

QG

t
(i) For the signals x(f) and y(#) given below, determine and sketch I x(t)dt and

t —
[ y(x)de:
x() (1)
1 e 1
2 1 2 3 4 5
0 T t
I D
iy | == =ili|ERE R e e e s = e S —m = e m -
: . 1 1
(ii) For the second order FIR lattice filter with reflection coefficients K, = 5 K, = 1
draw the FIR lattice structure and find the transfer function and impulse response
of the FIR system.
[8 + 12 marks]
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b)

(i) Determine the time domain signals corresponding to the bilateral Laplace
transforms given below. Specify the properties used:

1. X(s)= slzd%[ S J ROC:Re(s) >0

—2s
2. X(S)ZS(—Z——T—E—S—J, ROCZR@(S)>0

(ii) The impulse response of a relaxed linear time invariant system is h(n) = o u(n)
with |a| < 1. Determine the value of the step response as 1 — oo,

; < [5 + 5 + 10 marks]
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(i) Letz=re/®and s = +jQ. Use bilinear transformation to show that if r < 1, then
o<0,andif r>1, then 6 >0, and whenr =1, then g =0.

(ii) Consider a signal x[n] such that

1 for - Nl <n< Nl
x{n]= 0 for rest of time period

N, 0 N,

1 O O 1 O

Discrete-time periodic square wave

If time period of x[n] is N where (N > 2N, + 1), then determine Fourier series
coefficient a, for signal x{n].

CC)( T .

- [10 + 10 marks]
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Q.7 (a)

(i) Determine the signal x[n] and rational z-transform X(z) for the following cases:

1.

() L.

x[n] is right sided, X(z) has a single pole, x[0] = 4, x[2]= %
1
X[z] has poles at z =% and z = -1, ROC includes |z| = 5 x[11 =1, x[-1] = 1.

Obtain exponential Fourier series representation of the periodic signal shown
below.

f@®)

-2 -1 0 1 2 3
Draw the magnitude and phase plot of the Fourier series coefficient of the
above signal.

[10 + 10 marks]
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Q.7 (b)

(i) Suppose we are given the following facts about an LTI system S with impulse

response h[n] and frequency response H(e/®):

1. [%] u[n]—— g[n], where g[n]=0forn>2and n <0.
2. Re{H(e™?)}=1.

3. H(el®) = H(elt®-m),

Determine h[n].

(i) 1. Mention any five properties of ROC of Laplace transform.

2. Find inverse LT of H(s) = In L ]
3s+2

4

[12 + 8 marks]
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(i) Consider the 6-length sequence defined for 0 < n < 6 as x(n)= {%, -2,3,0,-1,1}

with a 8-point DFT X(k). Evaluate the following functions of X(k) without computing

DFT:
1. X(© 2. X(3)
5 5
3. 2 X(K) s YIX@Ef
k=0 k=0
(ii) Suppose the following facts are given about the signal x(t) with Laplace transform
X(s):

1. x(f) is real and even.

2. X(s) has four poles and no zeros in the finite s-plane.
1y
3. X{(s)hasapoleat s= > 4,

4, ]:’ x(t)dt =4

Determine X(s).
[10 + 10 marks]
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Q.8 (a)| Using DIT FFT and inverse DIT FFT, determine the output of the system if input x(r)
and impulse response h(n} are given as x(n) = {2, 2, 4} and h(n) = {1, 1}.
[20 marks]
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A discrete time system is described by the difference equation:
3 1
Y(m) =7 y(n=1)+3y(n=2) = x(n) + x(n-1)

with y(-1) = 0 and y(-2) = -1.
Find:

(i) The zero input response of the system.

({ii) The zero state response of the system due to step input u(n).

[10 + 10 marks]
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Obtain the direct form-I and direct form-II realizations of the LTI system governed by
the equation

y(n)= —%y(n—l)—%y(n— 2) -%y(n —-3)+x(n)+4x(n-1)+3x(n-2)
[20 marks]
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