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Q.1 (a) Solution:
Source is a basic network element which supplies energy to the networks. There are two
classes of sources, namely,
Independent sources and dependent sources
Independent sources:
Output characteristics of an independent source are not dependent on any network
variable such as current or voltage. There are two types of independent sources:
Independent voltage source and independent current source.
An independent voltage source and current source are two terminal network element
which produces a specified voltage and current respectively. The value of voltage and
current at any instant is independent of value of direction of current through voltage
source and voltage across current source at any instant of time. The terminal voltage in
case of voltage source and output current in case of current source may be a constant
(DC source) or may be a function of time (AC source).

Dependent Sources:

If the voltage or current of a source depends upon some other voltage or current, it is
called as dependent or controlled source.

The dependent sources are of four kinds, depending on whether the control variable is
voltage or current and the controlled source is a voltage source or current source.
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Voltage-Controlled Voltage Source (VCVS):

A voltage-controlled voltage source is a four-terminal network component that

establishes a voltage between two points ¢ and d in the circuit that is proportional to a
voltage V , between two pointsaand b i.e,,

ao0———— — ¢
+ +
Vub Hvab Vcd
- -y
Vcd = !J'Vab

Voltage-Controlled Current Source (VCCS):

A voltage-controlled current source is a four terminal network component that establishes
a current i_; in a branch of the circuit that is proportional to the voltage V , between two
pointsaand b i.e.,

io0——— = c
+ +
Vab gmvab

bo— 1 = d

lcd =8 m Vab

Current-Controlled Voltage Source (CCVS):

A current-controlled voltage source is a four terminal network component that establishes
avoltage V_, between two points c and d in the circuit that is proportional to the current
i,, in some branch of the circuit.

iub
aco 9 ¢
+ +
Moy Vcd
bo - od
Vcd = rlab

Current-Controlled Current Source (CCCS):

A current-controlled current source is a four terminal network component that establishes
a current i_, in one branch of a circuit that is proportional to the current i , in some
branch of the network.
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iab icd
aeo —=———90°C
+ +
Biab
bo - od
lcd = Blub

Q.1 (b) Solution:
For a R, L network, the current I, lags the voltage E across it by an angle ¢, = tan™! (0R, L)
and for an RC network, the current I, leads the voltage across it by an angle
0, = tan"!(1/ R -C). Thus, the phasor diagram can be drawn as below:

I
I
" § 87 e
. C~> R, Rc o,
O E

L C LRy
r T HoL
Yin Phasor diagram

The input admittance for the network is given by

y -t 1
" Rytjol g o

oC
1 oC
Y. —+ ;
m Rp+joL RcoC-—j
R; —joL  oC(R-oC+ /)
Y, = R2 + (L) + 7
7 +(oL) (RcoC)* +1

On separating real and imaginary parts, we get

R; R (0C)? | —oL oC
Yin = 2 2 + 2 +] 2 2 + 2

Rf +(wL)” 1+(RcoC) R +(owL)” 1+(RcoC)
For resonance, Y; should be real, hence its imaginary part should be zero. Thus,

oL oC
R2 + 2 = 2
7+ (L) 1+(RcoC)
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L R+ (wL)?

C  1+(RcwC)?
Hence, for the circuit to be in resonance

L  R}+(wL)?

C  1+(RcwC)?

or, L(1+(R.00)?= CR?+(wL)*C
L+REC*w’L = CR? +CI?0?
CR?-L
~ LRAC?-cr?
R?-L/C
LRZC-1?
, 1|Ri-L/C
or “*= TI|RE-L/C

CL
2

1 [RE-L/C

@7 JIC\RE-L/C

Onrearranging, 2=

rad/sec

Q.1 (c) Solution:
With iron coreI=4 A, pf=0.5,V =200V
Without iron core [ =5 A, pf=0.8, V=40V

When the iron core is removed,

V40
= —=—=8Q

z I 5
R
We have, pf = =
Z
08xZ =R

R =08x8

R =64Q ....(Value of pure resistance)

X, = {z?-R?
L= V82 -642 =480
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2nfL = 4.8
L= 18 =0.0153H
21tx50
With iron core:
200
= —=50Q
z 4
Ry
PE=7
0.5 x50 = R}, where R is the resistance of coil with iron core
R, =25Q
X, = \JZ2-R2 =/50% - 257
X, = 4330 Q
_ 4330
 2mx50
L = 01378 H
Now, iron loss, P, = [Total active power loss (with iron core)] - [loss due

to real resistance]
= VIcos ¢ - I°R

= 200x4x0.5-42 ><6—4
10

= 297.6 Watt

Q.1 (d) Solution:
On applying KVL to Mesh 1, we get
30£0° - 51, - j5(I, - 1,) = 0
(5+/5)L, -j5I, = 30£0° (i)
On applying KVL to Mesh 2, we get
-5, - I,) - (2 +j3)[, - 6(I, - 1;) = 0

-j5I, + (8 +j8)I, - 6, = 0 ..(ii)
Applying KVL to Mesh 3,
-6(I,-1,) -4, -V, = 0
-61, + 101, = -V, ...(ii)
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Writing equations in matrix form,
5+j5 -5 0 || L 30£0°
-j5 8+j8 61| _ 0
0 -6 10| I3 -V,
By Cramer’s rule, current through the impedance Z, is obtained as

5+75 30£0° O

5 0 -6
0V, 10
L=Ty55 -5 o]
_j5 8+j8 -6
0 -6 10
(5 + j5)(~6V,) + (30)(j50) = 0
v. = B0 _apae asey
2~ 30+ /30
Alternate:
W] 2= @+ 32

AAAA

+ +
30200 V(=) i) gpQ D =6 QD @,
T 1 I, L= -

For I, = 0, V, must be equal to V.

By applying voltage division rule in both first and third loop, we get

~ 30x 75 . _ V6
V, = V. Thus, we get
30x 75 _ Vpx6
5+5j 10
Vo= 300x j5
2 6(5+j5)
= 35.36 £45° Volt
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Q.1 (e) Solution:

We have to convert Delta connected capacitive circuit into star connection as shown in

‘[1
G

CA CB
2e / I /\ .3 C2 G
Ce / \

2 3
Now, the equivalent impedance across 1-2 in Delta and star connection are

tigure below,

C =|C +—C=8 | and Ceogrr = 1 =2 respectively. As both the circuits are
A C. +C
e Cc +Cp 2 1T62

equivalent, hence

. C -C
Co+ CcCp _ CG1°G P
CC +CB C1 ‘|‘C2

Similarly,
CyCp  CpCy .
Cepp = CC"’C T C. CoxC (i1
atlp G+l
Cy-C ¢ -C
d Cogy = Cp+—2—C=—175
an ns = “BTC 1Ce Cy+Cs (it

Now on solving equation (i), we get

Ca(Ce +Cp)+Cc -Cp Ci-Gy

(Cc +Cp) - CG+G
1 1 Cc+Cp '
or —t— = ..(iv)
C; G CuCc +C4Cr+CCp
Similarly
1 1 Cua+Cc
-t = (V)
C; GCs CuCc+C4Cp+CCp
1 1 C,+C
and —t—= = AT ...(vi)

Cz C3 CACC +CACB +CCCB
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On subtracting (vi) from (iv), we get

1 1 CC+CB _ CA+CB
C, C3  CaCc+CuCp+CcCp CyCc+CyCp+CcCp
1 1 Ce—-Cy

C, C3  CaCc+CaCp+CcCp (Vi)

On adding equation (v) and (vii), we get

i ~ 2Cc
G - CpCp+C4C +CpCc
CpCr+CAC-+CpCc
C, = o
Similarly on solving, we get
c CaCp+CuC +CpCc
2 - Cp
CACr+CACr+CyC
and c, - AbptCale+tCplc
cA

Q.2 (a) Solution:

The oriented graph and one of its trees are shown in figure below:

1
Tieset1:[1, 4, 5]
1) ) Tieset 2 :[2, 4, 6]
Tieset 3 : [3, 5, 6]
2
3 3) 4
Tieset Matrix (B)
1 2 3 4 5 6
111 0 0 1 1 O
B =2 1 0 -1 0 -1
30 01 0 -1 1
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100 2 2 O
010 -2 0 -2
0 0 -2 2

|

1
1 0 -1
0 -1 1

100 000
010000
001000
000200
000020
000 O0O0 2

L =0,

BZ,BTI, = BV, -BZ,,
BZ,BTI, = BV,

100 000
010000
001000
000200
000020
000 O0O0 2

Z,=

The KVL equation in matrix form is given by
BZ, = {

Here,
Thus,
where
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0
-1 0 -1
-1 1

1 00 1
010
0 01 0

o g «
o~ o g
o g oo
o o
=)
— o o
1
]
e~
0
-~
N
/M

The KVL equation in matrix form is given by

5 -2 =271, 2
2 5 2|[I,|_|o0
2 -2 5|1, 0
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Solving this matrix equation using Cramer’s rule, we get

The branch currents are given by

Q.2 (b) Solution:

0 5 -2

6/71
4/7
4/7
2/7
2/7

I =222
h 5 2 2 49 7
2 5 2
2 2 5
5 2 -2
2 0 =2
. 2 0 5| 14 4
g 5 2 2] 49 7
2 5 2
2 2 5
5 -2 2
2 5 0
. 2 2 0 14 4
€ 5 2 2] 49 7
2 5 22
2 2 5
I, = BT,
il 1 0 0]
iy 0 1 0 67
is 0 0 1
, 477 |=
14 1 —1 0
. 4/7
is 1 0 -1
is| |0 -1 1]

From the given description in question, we get

2 =
Iep RCD equivalent

P

CD

=P

AB

2
IR 4B equivalent
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[= Vv
R
2 2
VCD _ VAB
RCD equivalent Rap equivalent
Vep =V, =10V
RCD equivalent = RAB equivalent

Now, Equivalent resistance across CD is given as

RA RA
Co MW MW
< <5,
2k =k
Do MWW MWW
RA A
or
RA
Co MWW
s s
’—> E:RA E: RCD equivalent
RA
RCD equivalent Do AVAVAVAV
. = + .
RCD equivalent 2RA (RA I RCD equlvalent)
R + Ry - RCD equivalent
CD equivalent A

Ry + RCD equivalent

2 _ 2
RARCDequivalent +R¢cp equivalent — 2R4 +2Ry - RCDequivalent +Rp - RCDequivalent

2 2 _
Réep equivalent — 2R, Rcp equivalent — 2R3 =0

R _ 2R, £4R} +8R}

CD equivalent 2

= [p2 2
CD equivalent RA t RA +2RA

Since R, cannot be negative, we get

RCD equivalent = (RA + \/gRA) Q

Now, equivalent resistance across A-B in network (ii) is calculated as,

R

..(i)
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01

Test No

AAAA
vvvy

AAAA
\AAA/

AAAA
\AAAJ

AAAA
\AAAJ

>
>
>

\AAAJ
AAAA

yyvy

<
<

AAAA
yvyy

AAAA
vy

Network (ii)

AAAA
\AAAJ

AAAA
\AAAJ

AAAA
\AAAJ

AAAA
\AAAJ

AB equivalent :

R

Casel

AAAA
vvyvy
\AAAJ

AAAA

AAAA
\AAA/

>
>

<
-<
<

AAAA
yvvy
yvvy

AAAA

AAAA
yvvy

Rl

AAAA
yvvy
Yvvy

AAAA

AAAA
yvvy

R,

www.madeeasy.in
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R~ R~ ~
AA AAA A
VVVv VVVv VWV

...(ii)
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I I R,
= R{=+R;—= I{—
D) 3

4
Vag

AAAA
vvyvy
\AAAJ

AAAA

AAAA
vvvy

yyvy

yvvy
AAAA
AAAA

’”
VAB

’ ” 2
= VAB +VAB =§R11

VAB

AB equivalent

2R,
3

R

By KVL [ACBA]
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\AAAJ vy Aﬂ yvvy
= = = =
< < < <
P - < < 5
> > > >
M M S~ S~
— bnl bnl
& & &
AAAA AAAA AAAA
yvvvy yvvy \AAAJ

Case 2:

AB equivalent
CD equivalent

R
R

By KVL [ACBA]
By super-position,
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R1 = 4.10 RA or
R, = 0.244 R,

Now, Power delivered by source for R, =10 Q is

V2
delivered RAB equivalent
2R,
where RAB equivalent = 3
_ 2(410R4) _2x4.10x10 _82
RAB equivalent - 3 - 3 - ?
_ (10)*x3
p delivered ~ 82
delivered = 3.66 Watt

Q.2 (c) Solution:

(i) We have,
Transmission parameter matrix,

1072 10
= [ 0 101}
Thus, we can write Vv, = 0.01V, - 1001,
I, = -0.11,

As the given equivalent circuit is similar to h-parameter equivalent circuit. Hence,
h-parameter of the circuit is obtained as below:

I, = -10I, (i)
and vV, = 0.01V, + 10001, ..(ii)
The h-parameter equations and the corresponding equivalent circuit is given by

Vi = hyly + )V,

I = hyly + hy,Vy

L hyy Q
2 ] ¢
D h2111
v, Sy, [] U v,
° o
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On comparing, we get

h,; = R, =1000 Q; hy, =x=0.01
hyy =y=-10; hy,=z=00

Now, we can redraw circuit as,

I, 1000Q

(ij) For maximum power transfer, Z, = Z,,

Z,,: Replacing the independent voltage source V, with a short-circuit and connecting
voltage source V, across the load terminals to calculate the Thevenin equivalent

impedance,
I, 1000Q
MW 7 I,=1,
2
@ <:> 001V, <{-101, ®OVa
I, = 1,=-10I, ..(i)

On applying KVL in loop 1, we get

10001, + 0.01V, = 0
10001, = -0.01V,
From equation (i), we get
_IA
b= o
1000 [
We get, -0.01V, = - 10 A [ V,=V,]
Va +1000
- = = x100
Iy 7 10%1
Zy = 10 kQ
Hence,

for maximum power transfer, Z, = Z,, =10 kQ
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(iii) Maximum power transfer to the load for V, = 0.1 V:

Vth:

I, 1000 Q I,
AAAA <
yvvy

+

V=01 volt () @ S onv, oy v, v,

Asl,=0=10, = I,=0
Hence, no current flow in the loop 1. It implies
V,=001V,=001V,

Vy, = 100 V,
For V, =01V
Vy,, =10V
Thus, Thevenin equivalent circuit can be drawn as below,
R, =10kQ
=+ 10 Volt 2 R =10kQ
2
_ Vi
Lmax 4RL
100
B =
max 4x10x1000
Ly = 2.5 mW

Q.3 (a) Solution:

()

Source Transformation:

* A practical voltage source consists of an ideal voltage source in series with an

internal impedance (for ideal voltage source, this impedance being zero, so

that the output voltage becomes independent of the load current) while a

practical current source is an ideal current source in parallel with an internal

impedance (for ideal current source, this parallel impedance is infinity such

that the source current does not face any branching through this internal

impedance path.)
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The voltage and current sources are mutually transferable.

For any voltage source, if the ideal voltage be V and internal resistance be R,

the voltage source can be replaced by current source I with the internal resistance

in parallel to the current source and the value of I is given by I = V/R and

vice-versa.

For the given circuit,

1Q

! 1Q A
: 1
M
4vO i
| T

Using source transformation, we get R=1Q and I =

Hence,

Voltage to current
source transformation

=

'®

AAAA
\AAAJ

4A CD

is the valid equivalent network.

shown in the figure below:

4A

=<

(@ii) The circuit is symmetrical about A-B so that current is divided equally at nodes as

13

e S8
T /7 R
vey L v oL
/6
—| 1/6
173 /3 / i
I | W 1/6 |
1o /3

-
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The voltage across the inductor with the current I flowing through it is given by

V= %jldt (i)

On applying KVL at the input loop,

V= %j(é)dt+%j(é)dt+%j(é)dt+%jldt

11
= — | Idt
v 6C -[
1
V= @_[Idt ..(ii)
11
On comparing (i) and (ii), we get
. = gFarad
equivalent 11
For C = 2 Farad,
6x2 12

Cequivalent = 11 B H Farad

o 1 ...
The energy stored by the circuit is E = EC %

1 12 _, 150
For V=5V, E = =x—=x5"=——

Joules
2 11 11

Q.3 (b) Solution:
(i) Norton equivalent circuit across A-B:
* Short circuit current across A-B:

On short-circuiting the terminals A-B, the circuit can be drawn as below,

O/
4
A AVAVAVAV B AVAVAVAV A
10 o)
= s
i
B
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On applying KCL at node A and node B, we get

p+i=2i+1
=i+l
and L+t +2i =1
L+l +2i=i+1
iy =1-i-1_
On applying KVL in loop-3, we get
41 -3i, = 0
41 = 3i,
4], ,
3 ~h
Using equation (3) in (2), we get
4;“ =1-i-1_
Similarly using KVL in loop 2, we get
10i, + 3i,-8i = 0
10 +1)+3(1-i-1)-8i =0
10i +10+3-3i-3[_-8i = 0
-i+13 = 3I_
i=13-3I_
Using (4) and (5), we get
71% =1-(13-3L)
l;C =1-13+3I_
7;“ 3l = 12
21
5 =12
I =18A
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* Equivalent impedance (Z,,):

Assume a voltage source V, is connected across the load terminals,

2i
L\
1 A

o AAAA AAAA
\AAAJ YVvvy

=V,

AAAA
VVVY
o
@)
—
e}
e}
o
N
AAAA
\AAA
W
)
—
Q
e}
o
—_
1

(-2

On applying KCL at node A, we get

L,+i=2i+]

I=(I,-1)
On applying KVL in loop 1, we get
-V, +4l,+31 =0
V,=4l,+3(,-1)
V,=7,-3i
Similarly from loop 2, we get
-3I-10i+8i = 0
3l = -2i
ot
-2
_ 3la-i)
-2
-2i =31, -3i
i =3I,
Using (i) and (ii), we get
vV, =71, -3@3Il,)
V,=71,-91,
Zy = ‘I/_j =-2Q

...(ii)
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Norton equivalent circuit across A-B is

oA
+
1A =20
o B

A negative Norton resistance indicates that the circuit behaves as an active source
of energy rather than a passive load.

(i) We know that,
For maximum power transfer,

Z, =2y,

Z,=-2Q

(iii) Maximum power transfer to load,

18A0D)

AAAA
\AAAJ
|
N
AAAA
\AAAJ

Z,=-2Q

PL max = I%RL

(9(-2)
P ~162 Watt

*  The maximum power transferred to the load is obtained for a negative load resistance

L max

because the given network contains a dependent source, making the equivalent
resistance of the source negative. The negative value of power indicates that the
circuit is an active network and is capable of supplying power to load. Hence, the
condition of maximum power transfer with negative load resistance is physically
valid in active circuits and doesn’t violate the maximum power transfer theorem.

Q.3 (c) Solution:
We know that,

When two 2-port networks N, and N, are connected in parallel, the equivalent
Y-parameters of the combined network is the sum of Y-parameters of each individual
2-port network. Thus,

[Y] = [Y, ] +[Y,,]
and we know that [Y] = [Z]™. Hence,
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4 37" 1[5 -3] [04545 —0272
Yal =13 5] “11|-3 4|7 |-0272 03636

3 27" 1[4 -2 05 -025
[Y,0] = 2 4] 8|2 3] |-025 0375
Thus, for network N, [Y] = [Y ] +[Y,,]
0.9545 —0.522}

Y] = | 0500 0.7386

Now,
We know that,
Transmission parameters/ABCD parameters are given as
vV, = AV, -BI, ..(ii)
I, = CV,-DI, ..(iif)
and short-circuit parameters/ Y-parameters are given as
L =Y, V,+Y,V, .(iv)
L =Y, V,+Y,V, (V)
ForI, =0,
From equation (ii) and (v), we get
i Va _ Yo
A = v, and V. Yo
Vi_-Yn
Hence, A = V, Yo (1)
Now using equation (iii), (iv) and (v), we get
I
and L =Y,V,+Y,V,
“Yu Vi = YV,
=Y.
v, = =V,
1Yy
—Y11 Yo
We can write I = Yo, Vo +Y15V
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I Y;41Y-
Loy, e
Vs Yo
YioYo - Y41
C = (2
Yor )
For V, =0,
Vi w_. 1
B = I and I Yor
B =3
Yor ©)
. -I Y
Similarly, D= —=— ..(4
y L Y (4)
= 1
Yy Yy
Hence, =
1] Yo Yo - YooYy Yy
i Y Yy
i 0522 1
B 0.7386 0.522
Now, [T1 =1 (0.7386%0.9545-0.522%0.522) ~0.9545
L —-0.522 —-0.522
[0.707 -1.92
T1=108 183

Q4 (a) Solution:
According to given description, we can draw the circuit as

R=9kQ C=20uF

—W——————
) '
& >

V,=20u(-t) V. V,=20u(t-t)V
Now, for t <0, since t’ > 0, only voltage source V, is acting.

At t = 07, circuit is in the steady state. The capacitor is fully charged and acts as open
circuit.
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V, = 20u(-t) V
V (07) = 20 Volt

Now, for 0 < t < #; When all the supplies are disabled, the voltage across the capacitor
discharges through the resistance R. Since the capacitor does not allow sudden change
in voltage, V_(07) = V(0") =20 V.
R=9kQ V,(0)=V/(0"=20V
—WW——F—
C =20 uF

The voltage across the capacitor is given by
V() = V(=) + (V07) = V())e /"

c

where V(o) =0V; V(07)=20V
and T =RC=9x10% x20 x10°
T = 180 msec

V(f) = 20e(-t/180X107) yopq
Att="¢,

V. (F) = 2061718010 )y
V(¥) = 20eCvolt

c
Now, at t = t/, the voltage source V,(f) is acting. Thus, the circuit can be drawn as below:

R=9KkQ V ()=20(-'/180 x 107 Volt
AVAVAVAV I I
C =20 uF
©

V() = 20u(t - )
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For t > t, the capacitor charges through resistance R. The voltage across the capacitor is

36 | ESE 2026 : MAINS TEST SERIES

given by

Vi(t) = V(o) + (V) - V()"

’, -3 ’

V(f) = 20+(20¢H /180T _g) )/
where T = 180 msec
Thus,

Vi)
20V
206—5.55f'v
¥ t
—(t-t) Vol
V() = 20+ (20e7 /180107 _ 50,1800 o
20V ; t<0
We get, V() = 20e” Dol ; O<t<t
20+ (20675 —20)e (> Bolt; ¢ ¢
Q4 (b) Solution:

The given circuit is,

L R, X

I Wt I 0Q X,
G Lo0Q [ o W0
e |
v, ¢ v,
) g
Given: | V| =200V and V, =200 £0°V
also, [I|] = 12A
P.=18kW

T

Now, the circuit can be redrawn as
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1 1 1
— = —+ 1 = -1
where, Z Z 2200 with Z =R, -jX,
and, Z,=R,+jX,
=10 + /X, =Z, £0,
_V, _200£0°
 Zy, 2,20,
Thus, |I|=@=12
Z;
200
Hence, Z,= ED) =16.67Q
| Z,| = J10% + X3
. (16.67)% = 100+ X3
or X5 = 177.77
or X, = 177.77 =13.33Q
and 0,= tan ™! X2 tan™! 13333 _ 53.13°
10 10
0, =53.13°
Thus, angle between I and V is 53.13°
. I=12/-53.13°A
Now, Pp=V,x1Icos 0,
where, cos 0, = Fr _ 1800 (given)
VixI 200x12
cos 0, =0.75
or 0, =41.4°

This is the angle between current I and voltage V,
. vV, =200£(-53.13 + 41.4)°
or V,=200£-11.73°V
and V=V, -V,=200 £-11.73° - 200£0°
=195.82 - 40.659j - 200 = -4.18 - 40.659j = 40.87 £-95.86°
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Current through capacitor (-j20 Q) is
V1  40.87£-95.86° o
I-= X, 207-90°0 2.0436 £-5.86° A
Now, current through R, and X, are
I,=1-1.=12/-5313°-2.0436 £-5.86°
I,=10.718£-61.18° A
V,1 _ 40.87.£-95.86°
I, 10.718£-61.18°
=3.813 £-34.68° = 3.135 - 2.169] = R, - j X,
R, =3135Q
X, =2169 Q

Z,=

Q4 (c) Solution:
We have,

On applying KVL at each node, we get

V-V, =V,
V,=-12V
Thus, Vo=V, -12
V,-V, = Vy
On applying KCL at node V,, we get
Va=Vp Va-Vy _
0.5 2
V,=-12V

2
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V3+12 V3V,
0.5 2

AV, +48+ V, -V,

5V,-V, =

4
-44

On applying KCL at supernode 1-4, we get

Vi-V,

25

Vy-V3

2

LT
1

Vi-V,
25

Va—Vs

+V;

Vi +12

2.5
2V, +24 45V, + 25V, - 25V,
7V, -5V, +25V,

Adding (iv) and (v) we get,

7V, +15V,
V,-V,
V,-V,
V,-V,
12V, -02V,-V,
12V, +24-V,
12V, -V,
On solving (vi) and (vii), we get
v

Vy-V3
2

+Vi+

1

4

N

14
14
V3

Thus,

Current through 0.5 Q resistor, |

Current through 2.5 Q resistor, I,

05Q

50"

0.5V

0.5(V, +12)

0.5V, + 6

25V, +30
6

-38

02V,

0.2(V, - V,)
0.2V, - 02V,
0

-..(vi)

...using equation (iii)

-24 ..(vii)
-4.72'V
-3.27 Volt
-12 Volt
-9.443 Volt ...using equation (iv)

V3=V, -9.443+12

= =5.114 A
0.5 0.5
Vi-Vy 472412 o0
2.5 25
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Section B : Signals and Systems

Q.5 (a) Solution:

(i) Commutative property of convolution

x(n) * h(n) = h(n) * x(n)

We know that,
x(n) * h(n) = Z x(k)h(n—k)
k=—c0
Let l=n-k
. k=n-1
When k = —oo, | = o
When k = o, | = -

—o0 oo

x(n) = h(n) = Y x(n=0hl) = 3 h(l)x(n-1)

=00 |=—c0

x(n) = h(n) = h(n) * x(n) ..(i)
Distributive property of convolution,
o) * [y (n) + x,(m)] = () * x,(n) + h(n) * x,(n)
From (i), we know that,

x(n) # h(n) = h(n) = x(n)
x(n) = hn) = Y, h(k)x(n—k)

Y k) [ (n=k)+xy(n—k)]

k=—c0

h(n) # [x, (1) + x,(1)]

oo

Zh(k)xln k)+ zh )Xo (n—k)

k=—co k=
h(n) * x,(n) + h(n) * x,(n)

h(n) # [x, (1) + x,(1)]

1-f| ; <1
(i) 1. Given; X(f) = ‘f ‘f‘ .
0 ; otherwise
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X(f)
1
-1 0 1
y(t) = x(t) - m(t) = x(t) cos (15mt)

_ %x(t)e]’lSnt_l_lx(t)e—lent
15 15
o> —jom>

y(t) = %x(t)e] n2t+%x(t)e ot

Using the frequency shifting property of Fourier Transform, we get

() = %X(f+7.5)+%X(f—7.5)

Y(f)
________________ vz o
-85 -6.5 0 6.5 8.5 f
2. y(t) = x(t) - m(t) = x(t) - cos2 mt = %x(t)eﬂ“t +%x(t)e‘j2m
1 1
y(f) = EX(f_1)+EX(f+1)
Now, X(f) = rect(%}
X(f)
1
X(f) —
-2 0 2 f
2XU-D X(F+1)
1/2 1/2
X(f) — +
-1 0 3 f -3 0 1 f
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Y(f)
1
1
2
-3 —=1 0 i 3 /
3. Y(#) = x(t) - m(t) = x(t) - cos nt = %x(t)ejnt+%x(t)e_jnt
y(t) = %x(t)ejzn%t+%x(t)e_j2n%t

() 3)

1
2

Y(f) —

Y(f)
1/2

Y(f) —

Q.5 (b) Solution:
The complex exponential Fourier series representation of a signal f(t) is given by

ft =, c,e/"™", where =%

N = —oo

The given signal f(t) over the interval (0, T') is

- 3 inm
fiy=" X Wé’] t

11 =—o0

(i) Comparing the above two equations, we get
_ 3
" 4+ (nm)?

and e = e/nmt

www.madeeasy.in
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Hence, 2% =m ie.T=2

(i) When n =3, the component of f(t) will be

5 = %e]’?’m = ———— [cos3nt+ jsin3nt]
4+ (3m) 4+(3m)

Similarly, when n = -3, the component of f(t) will be

C4 = % e /3 = ————[cos 3nt — jsin 3nt]
- 4+ (-3m) 4+ (3m)

Therefore, ¢y + ¢4 = ————Cos3mt

4 +(3m)
Hence, when one of the components of f(t) is A cos3mt, the value of A is

~ 6
4+ (3m)?
(iii) According to Parseval’s theorem, the total power of the signal,
P, = i |, ‘2 = i 3 5|=0.669 (Given)
ST 4 )

The power contained by the signal f(t) upto the first four harmonics is given by

P=cof +2[er f+[ea P +les [ +]es P |

s T 2 2 2 2
3 3 3 3 3
=|—| +2 5|+ 5|+ 7| T 5
4 4 +(m) 4+ (2m) 4+ (3m) 4+ (4m)

=0.5625 + 0.0935 + 9.52 x 1073 + 2.088 x 103 + 6.866 x 10~*
= 0.66836

Therefore, power as a percentage of total power, the power contained by the signal
f(t) upto the first four harmonics is given by

£><100 = 0'66826 %100 =99.9%

B

Hence, 99.9% of the total power is contained by the signal f(t) upto the first four
harmonics.
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Q.5 (c) Solution:

(i) From the figure given in the question, the first cycle of x(t) is as shown in the figure
below:

x,(t)

0 1 2 t

We know that the Laplace transform of a causal periodic signal is given by
x(t) = x () + xy(t = T)) + x,(t = 2T) + ......

Using time shifting property of Laplace Transform,

X1(s)
1 _ e_STO
where X (s) is the Laplace transform of the first cycle x,(t) of the causal periodic
signal x(t). The given sawtooth wave is a causal periodic signal with period T, = 2.

X(s) =

The first cycle x,(t) of x(t) is as shown in Figure (b). Using the ramp function r(t),
x,(t) can be written as
x,(t) = r(t)=-2r(t-1)+r(t-2)

Taking the Laplace transform of the above equation, we obtain
Llx,(t)] = L[r(t)]-2L[r(t-1)]+L[r(t-2)]

X,(s) = Slz—size‘uslze‘% :512[1—2(3—5+e—25]:sl2(1—e—5)2

Substituting X, (s) and T, = 2 in the expression of X(s), we get

s),
Xys) _1(1-¢’P 1  (1-¢7)
2 2

X(s) = == -
©) 1-e= 00 2 1-¢2 2 (1+e°)(1-¢")

1 1-¢"¢ ~ 1 6_5/2(65/2—6_5/2)

2 14e’ 2 e_s/z(es/2+e_s/2)

1 ( e8/%—¢75/2 1 s
X(s) —2(75/2 =—2tanh(5)

s2| /% ye s
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Q.5

(i) Given,

x(n) = Re[ej”n/12}+lm[ejm/18}
. . (nm nwy, . . (nm
= cos +jsin| — ||+ Im| cos| — |+ jsin| —
weleof 3 rion( i il oG5 135
x(n) = cos( j+sm( )
Period of cos T = =2x12=24
12 n/
Period of sin[ 7% |, T, = —2%_=2x18=36
eriod o 18 2= 1718

For a discrete-time signal, if the individual signals are periodic, their sum will be
surely periodic.

So overall period of x(1) will be LCM of individual periods, T, and T,.
N = LCM (24, 36)
N=72

(d) Solution:

To perform circular convolution of x, (1) and x,(n) using DFT and IDFT, we find X, (k)
(DFT of x,(n)), X,(k) (DFT of x,(n)), then computing X,(k) = X, (k) X,(k) and then taking
IDFT of X, (k) to get x,(n).

The 4-point DFT of x,(n) is

2nk
le , k=0,1,2,3

DFT{x, ()}

(0 +x,(e 4 +x;2)e 4 +x,(3)e 4

_]'Ek _]'3£
1+2¢ 2 +e7 /™ 400

Whenk=0, X,(0)=1+2+1+2=6

. _.3n

Whenk=1, X,(1)=1+2 2+¢/m+2 2 =1-j2-1+j2=0
Whenk=2, X,(2)=1+27+ ¢/ + 203" =1-2+41-2=-2
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g om
Whenk=3, X,3)=1+2¢ 2+¢7 42 2 =1+2-1-12=0
X, (k) = {6, 0, -2, 0}
The 4-point DFT of x,(n) is:

Enk
DFT {x,(n)} = X, (k Exz " k=0,1,2,3

T
—iT .
= x2(0)eo+x2(1)e ) +x2(2)e_]“k+x2(3)e 2

nk 'S—Rk
4+43¢ T2 +2e” ]"k+1e

Whenk=0, X,0)=4+3+2+1=10

LT .3n
Whenk=1, X,(1)= 4+3¢ 2+2¢ M +e 2 =4-j3-2+j=2-2
Whenk=2, X, (2)=4+3e7"+ 27" +¢P"=4-3+2-1=2
.31 9n
Whenk=3, X,(3)=4+3¢ 2 +2e3"1¢ 2 =44+3-2-1-j=2+2
X,(k) = {10,2 -j2,2, 2 + j2}
Let, X, (k) be the product of X, (k) and X, (k).
X, (k) = X, (k) X,(k) = {6, 0, -2, 0} {10,2 - 2, 2, 2 + 2}
= {60, 0, -4, 0}

1 N-1 .21‘[ nk
x,(n) = IDFT {X,(k)} = ﬁE ; n=0,1,2,3

21 AT .67
1 0 j=n jon jorn
= Z{X?)(O)e +X3(1)e 4 +X3(2)€ 4 +X3(3)€ 4 }

- i{60—4ej“”}

When n =0,
x,(0) = i(60 -4)=14
Whenn =1,
1 o 1
x,(1) = 2(60—48] )= Z(6O+4) =16
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Whenn =2,
1 . 1
x,(2) = 1(60 - 4ei2m) = 1(60 -4)=14
When n =3,
1 . 1
x,(3) = 1 (60 - 4e j3m) = 1 (60 +4) =16
x,(n) = {14, 16, 14, 16}
Q.5 (e) Solution:
Given, f. = 250 Hz therefore, . = 2;—]2 =§ and
S
Normalised cut-off f =1
ormalised cut-off frequency (fc) =000 2
Hy(w)
I |
I |
I |
I |
-7 —, 0 , N @

Frequency response of a high pass filter

177 :
Now, hn) = 5 [ Hy(w)e™"do

1% . 1 5.
= — f 1xe]w”dw+—f1xe]w”dw
2n < 2m

1 |( elem ~®c plon n 1 [ gioen  piwen
o= (] e
d 2n_ n o) jn )y | mm 2j 2j

I () = i_e_jwfn e sinogn
AN = ml T2 T 2 nm

Forn =0, h,0) = %[(_wc +m)+(n-w,)]

1
= 1-2f. = 5 (by evaluating above integral for n = 0)
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Thus, we have

1/2 ; n=0
h,(n) = _sm(nn‘/Z); 20
nm
M-1
2

For a given filter length of M =7, we have =3.

Thus, coefficients of a suitable window w(n) and & (1) can be computed for -3 <n < 3.
Note: The resultant h(n) = h,(n) w(n) will not be causal. However, h(n) can be made
causal by right shift of 3 units. (Such that h(n) = 0 for n <0).

Q.6 (a) Solution:
(i) Partl:

Given waveform of x(f) is

We can express x(t) as:

t
Let z(t) = _[x('r)d’r
t t t t
then at) = [ u(@dr-2 [ ur-1dr+ [ w(z-3)dr+ | 8(x-3)dr

z(t) = r(t) - 2r(t-1) + r(t - 3) + u(t - 3)
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Part 2:

We can express y(t) as,

t
Let ) = |y

ftt)

iy 1 1
(i) Given: K, = 5 K, = 1
The transfer function of a lattice filter of order ‘m’ is given by
Am(z) = Am—l(z) + KmZ_mAm—l(Z—l)

with initial condition, Ay(z) = 1

1 _
We have, A(2) = Aylz) + Kz lAy(zh) = 1+EZ 1«1
— 1 -1 A =1:thus A -1 =1
_1+EZ (- Ag(z) =1, thus Ay(z7) = 1)
Ay(z) = Ay(z) + Kzz'ZAl(Z'l)

= (14l 210 L,
2 4 2

( A (=)= A4(2)

1 =1+1ZJ
zZ—z 2
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We have,

Output

Q.6 (b) Solution:

@ 1

_3 3¢ e—3S

= e
53 S

Using the Multiplication by power of 't' property,

4

n!

Mty ==t >0
s
212
Putn = 2: tu(t) —=—5,0>0
s° s
2
t 1
—-u(t —,0>0
) —"1%

Using the time-shifting property of Laplace Transform,
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_2(+_2)2 _n_-3s
Mu(t—3)=3%,0>0
2 S

3!
X o>0
S

Putn =3: t3u(t)

—,0>0
6 gt
Using the time-shifting property of Laplace Transform,
(t _ 3)3 -3s
——u(t-3)=—=—-,
(-8 =—"
By applying inverse Laplace transform on (i), we get

x(f) = _?3(t—3)2u(t—3)—¥~u(t—3)

o>0

2. X(s)

Il

»n
—
|
Y
ST S
®
)
195)

—————},ROC:O’>O

—,06>0
S

Using the time-shifting property of Laplace Transform,

We know that,  u(f)

—S

u(t-1)=—=5%—,6>0
S

6—25

Also, 3(t-2)
By applying inverse Laplace transform on (ii), we get
x(t) = u(t) -u(t-1)-98(t-2)

(i) h(n) = o u(n) with |a| <1
1
H(z) = , ROC: |z| > |
@) = —— ROC: 4>
Considering the unit step input i.e.
x(n) = u(n)
1

X(z) = ——,ROC: |z] >1
(2) 11

www.madeeasy.in
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We have, Y(z) = X(2)-H(z)
1 1
Y(z) = . , ROC: |z|>1
@) = =g ROC
A N B
1-z71 1-o0z™
1 o
o 1l-a _ 1-o
Ye) = 1-z1 1-o0z™
1 o "
= Y = T uln) =7 (0)" u(n)
3 1 a?’l+1
T - U
1 _ ai’l+l
ym) = ———u(n)
When n — oo,
ot =0 (ol <T)
.. Step response of the system
y(n) = % when n — oo

Q.6 (c) Solution:

(i) Bilinear transformation relationship converting s-domain expression into an
equivalent z-domain expression is given by,

2_2—1}
L z+1

T
g_rej‘”—l 2 rel® -1\ re 7 +1
T_rej“’+1 T| re/ +1 || re /®+1
2
T
2

o +jQ

2 _1+1[e/®—e7I?)
211 4+1[e/® + 077

7
7

r? -1+ j2rsinw

T r?+1+2rcoso
2 r*-1

T 12 +1+2rcosw
By comparison of LHS and RHS

rsSin

4
= o +jQ +j="
J ]T 12 +1+2rcosm
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(ii)

2 r? -1
® T T P 1+ 2rcosw ~(@)
4 rsin®
and @ = T 12 +1+2rcosw ~(b)

From equation (a),
Ifr=1,thenc=0
Ifr<1,thenc<0
andifr>1,theno >0

The Fourier series coefficient for a periodic signal x[n] with period N is given by

1 k2
= — ) x[n]e N
ak N<%> [ ]
For the given signal x(n),
L 2T
1 M —jk="n
= — x[n]-e " N
no oy X A

Letting m = n + N, the equation becomes

N

. o~ Ik@m/N)(m-N1)
m=0

1 . 2Ny .
_ _e]k(2n/N)N1 2 e—]k(Zn/N)m

N

m=0
The summation consists of the sum of the first 2N, + 1 terms in a geometric series,
thus we get

)
=
|

1 o /K2n/N)Ny [ 1— o~ /k2m(2N1+1)/N j

"N 1— g kC2n/N)
| [eken/2n) [ oIK2m(2N1+1/2) /N _ - jk2n(N1+1/2) /N]
N o~ Jk(@2n/2N) [ JK2n/2N) _ - jk(2n/2N)]
. 1
1 51n|:27tk(N1 +2)/N}
= — , k#0,£N,+2N...
N . Tk
sin| —
5
and a = 2Ni1+1, k=0,£N,x2N,...
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Q.7 (a) Solution:
(i) 1. Given information are:
(@) x(n) is right-sided.
(b) X(z) has single pole.
1
© x(0)=4 x2)=7
K

From (b), X(z) = "

By applying inverse z-transform
x(n) = K(a)"u(n)
as x(n) is right sided.

Putn =0: x(0) = K=4 ..from information (c)
= K=4
Putn =2:
1
= K-a®==
Q) ;
1 1
2 - — =
T 4K 16
_1
= a= 4
From (i), x(n) = K(a)"u(n)

2. Given information are:

1
(a) Poles: P =7 P, =-1

() ROCincludes |z| = 5
© x(1)=1, x(-1)=1

K
From (a), X(z) = (z—P)(z-P))
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_ K
Z—%J(Z+1)
i K'Z2 )
) _(z—ij(z+1)
= I K Z_z
_(1—%2_1j(1+2_1)
= X(z) = F(z)z? (1)
h F) ~
where, z) =
(1—12 1j(1+z 1

Residue calculation:

I
~
I

Thus, F(2) = = ...(ii)
_ % ;1 5 1+z

1 1
From information (b), since ROC includes |z| = 5 Thus, ROC: Z<|Z\<1

i.e., x(n) will be a both sided signal.

By applying inverse z-transform on (ii)

From (i), X(z) = F(2)z2
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By using time shifting property of z-transform,

x(n) = f(n-2)
i n-2
- () = K %GJ u(n—2)—%(—1)"_2u(—(n—2)—1)}
i n-2
x(n) = K %GJ u(n—2)—§(—1)"_2u(—n+1):l
Putn=1: x(1) = K _?4(—1)_l } =1 .. from information (c)
-
= T g
Using the above value of K and substituting n = -1, we can verify,
x(-1) = K _—54(—1)_3} =1 ..frominformation (c)
™ T Y
us, x(n) = 115 2 5
1 n-1 o
= x(n) = 1 u(n-2)—(-1)"“u(-n+1)

@ii) 1. The complex Fourier series coefficient is given by
10,
C, = — [ f(e "™ at
" T
0
The given signal is periodic with time period T=1and f(t) = tfor0<t<1

1 _. 2¢m —omnt U1 —iomnt
1¢ —jnlt j2mn j2mn
=T_[te]1dt={txe }—e dt

0 0

—j2mn o ~J2mn
Now, e = (-1)

-1y
e-jth = (_1)2 1

C_1_e‘f2"”f_1+1_1
n —j2mn (—j21m)2 o —Jj2mn (2mn)*  (27mn)?
c =1
" 2mn

but C, becomes « when we put n = 0, so again calculate C_atn =0
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T
We have, C, = % [ fBye /™ at
0
putting, n=0
T 1 L
1 1 t
C = =[fdt = =[tdt = | —
o F[rom = 3frar [ 5]
1
C.= =
0 2
% whenn =0
C, = .
] whenn # 0
27n

Thus, the complex Fourier series representation of a signal is given by

X(Tl) — Z Cnejnmot: 2 CnejZnnt

n=-oo Nn=—oco
. 1
2. Magnitude, C, = >
] 1
" ‘ n‘ 2nn|  2mn
. m
Phase, LC = +j= ) whenn >0
== %whenn<0
= Owhenn=20
Magnitude plot:
Ic,|
141
1 2n 2 on 1
an
-2 -1 0 1 2 "
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Phase plot:

S

Q.7 (b) Solution:
(i) From the given information, we have the Fourier transform G(e/®) of ¢[n] to be
G(e) = glo] +g[1] e,

n
Also, when the input to the system is x[n] = (%j u[n], the outputis g[n]. Therefore

H(e) Gte)
e = -
X (1)
We obtain, X(ejm) = #
1- 1 e I
4
Therefore, H(ejw) = [( ¢(0)+ g(l)e‘jw )( 1— % e I ﬂ

- |50+ [s0-50)[e-Se2ie)

Clearly, h[n] is a three point sequence.

We have, H(e®) = h(0) + h(1) e7® + h(2) -2

and H(e©-m) = h(0) + h(1) e7@M+ h(2) e-%(©-m)
= 1(0) = h(1) &0 + (2) 20

We see that, H(e®) = H(®-™) only if h(1) =0

We also have, H(e™?) = h(0) + h(1) e7™/2+ h(2) e5™/2
= 1(0) - h(2) - (1)

Since we are also given that
Re{H(¢™?)} = 1, we have
h(0)-h(2) =1 (i)

Now note that, o] = [n]*[ﬁ]n u[n]Il _ gh [k]&jn_k u[n—k]
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Evaluating this equation at n = 2, we have

¢(2) = 0=ih[0]+ih[1]+h[2]

16
Since h[1] =0,%h[o]+h[2] =0 ..(ii)
Solving equations (i) and (ii), we obtain
h[0] = 1 dh[2] = 1
[0] = 77 and h[2] = -7
16 1
= —d|n]-—=98[n-2].
Therefore, h[n] 17 [n] 17 [n-2]

(i) 1. Properties of ROC of Laplace transform:
(a) For rational Laplace transform, ROC does not contain any pole.

(b) If the signal is of finite duration and absolutely integrable, then ROC is
entire s-plane.

(c) ROC consists of strips parallel to jwm-axis in s-plane.

(d) If signal is right sided and Re{s} = 6, is in the ROC, then all the values of s
for which Re{s} > 6, will also be in the ROC.

(e) If signal is left hand sided and Re{s} = 6, is in the ROC, then all the values of
s for which Re{s} < 6, will also be in the ROC.

(f) If x(#) is both sided signal, then ROC will be a strip in the s-plane.
(g) If x(t) is rational, then ROC will be bounded by poles or extends to infinity.
(h) For a stable system, ROC includes the jw-axis.
2, H(s) = ln( ! j
3s5+2
H(s) = -In (3s + 2)

Differentiating w.r.t s, we get

d 1

2 H(s) = —

ds (5) 3s+2><3
d !

2 HE) = 305

From the multiplication by ‘t’ property of Laplace Transform,

x(t)LX(s)

ocopyright: [MADE ERSY www.madeeasy.in



60 | ESE 2026: MAINS TEST SERIES MADE ERSYH

then —tx(t)(LdiX(s)
s
We have,
() LT3
3s+2

-3 -1
_th(b) = _
Hh) ILT{35+2} ILTL+2/3}

~th(t) = —e_z/?’tu(t)

o~2/3t
) = ——u(t)
Q.7 (c) Solution:
N-1 _]'Enk
() 1. Weknowthat X(k) = Y, x(n)e N,
n=0
k=01,N-1

n=0 n=0
5 _]'z_ngn 5

2 X@) = Y x(n)e 6 =Y x(n)(-1)"
n=0 n=0

= x(0) (1) +x(1) (-1) +x(2) (1) + x(3) (-1) +x(4) (1) + x(5) (-1)
=M @-2-D+3M)+0) (-1)-1(1) +1(-1) =4

N-1 ]27’”’”]{

3. We have, x(n) = % X(kye ¢ ,n=0,1,..,N-1
k=0

N-1
Y, X(k) = Nx(0)=6(1)=6
k=0
4. From Parseval’s theorem,
i X(k)* = Ni () = 6] (1) +(=2)7 +(3) +(0)* + (1) +(1)*]
k=0 n=0

= 6(1+4+9+0+1+1)=96
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(ii) Since X(s) has 4 poles and no zeros in the finite s-plane, we may assume that X(s) is

of the form,

A
X(5) = s—a)(s-b)(s5-0)(s—d)

Since x(t) is real, the poles of X(s) must occur in conjugate reciprocal pairs.

Therefore, we may assume that b = 4* and d = c¢*.

A
(s—a)(s—a*)(s—c)(s—c*)

Since, x(t) is even, X(s) must also be even. Hence, the poles must be symmetric

X(s) =

about the jQ-axis. Therefore, ¢ = -a*

A
Therefore, X(s) = (s—a)(s—a*)(s+a")(s + )

.

1 =
Itis given that the location of one of the poles is (E) ¢'+. If we assume that this pole

is a, we have

Also, we are given that

oo

[ x(tyat = x(0)=4

1

Substituting in the above expression for X(s), we have A = 1
H
4
Therefore, X(s) =
(sz —i+1)(52 +i+1)
V24 V24
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Q.8 (a) Solution:

To use a Radix-2 DIT FFT, No. of samples in x(1) and h(n) must be equal and multiple of

2, so we add the required number of zero’s to the x(1) and h(n).

and

x(n) = {2,2,4,0}
T
h(n) = {1,1,0, 0}

X(0)

X(O) SlO
W°>< S
4 11
x(2) =

X(1)

~
DS

X(2)

S
x(l) 12
0
x(3) W4>1< =i

Stage - 1

_jk2n
We have, Wy = e

Output of stage-I:

Output of stage-II:

Similarly, lets find H(k)

N. Thus, W0 =1 and Wj = e 2=

-1
Stage - 11

.TC

S0 = x0)+x(2)=6

S11 = x(0) -x(2) = -2

S, = x(1) +x(3) =2

S5 = x(1) -x(3) =2
X(@0) = §;+S5,=8
X(1) = 5y -jS;3=-2-2j
X(2) = 5,,-5,=4
X@B) = S5, +jS;;=-2+2
X(k) = {8,-2-2j,4,-2+2j}

-]

X(3)
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h(0) 210 H(0)
h(2) i - o y H(1)
sl <
h(1) -~ HQ)
W A
h(3) — -~ E - H(3)
Stage -1 Stage - 11
Output of stage-I
S0 = h0)+h(2)=1
S;; = h(0)-h(2)=1
S, = h(1)+h(3)=1
513 = h(1)-h(@3) =1
Output of stage-II
HQO) = §;;+S5,=2
H(1) = 5,,-jS;3=1-]
H2) = 5,-5,=0
HE) = S;;+jS;3=1+]
Hk) = {2,1-7,0,1+j}
We know that,
y(n) = x(n) * h(n)
Therefore, Y(k) = X(k) - H(k)
={8,-2-2/,4,-2+2j}-{2,1-j,0,1+j}
A Y(k) = {16, -4, 0, -4}
Now lets find y(n) using inverse DIT FFT,
1.1
O il ¥(0)
1.1
Y@ 4>1< = y y)
1 1 -
vy N4 5 |7 1>&>< el
= S | W =] y
MO - By 4 - o)
Stage -1 Stage - 11
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Output of stage-I

Output of stage-II

Q.8 (b) Solution:

1 1
—1Y(0)+Y(2)| = =x16 =4
YO +YQ)] = x

1 1
—1Y(0)-Y((2)| = —x16 =4
HYO-Y@)] = 5

1 1
—Y(1)+Y(3)| = =x—-8 =-—
4[() (3)] 78 =2
1 1
—1Y(D)-Y(3)| =—=x0=0
Y -YE)] = 5

St 5,=2
Si1tiS3=4
S50-5,,=6
S51-J5;3=4

(i) The zero input response is the response due to initial conditions only. So we make

input x(n) = 0. Now the difference equation becomes

¥0) - y(n-1)+<y(n-2) = 0

Taking z-transform on both sides, we have

V(@)=Y @+ y D[ Y+ 2y +y(-2)] =0

-

Y(z) =

ie. Y(z)(l —%z_l +

1

8

=0

1/8

(1/8)z2

1-G/ 42 +(1/8)22 22-(3/4)2+(1/8)

(1/8)z*
[z-(1/2)][z-(1/4)]

The partial fraction expansion of Y(z)/z gives
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1

Y(2) _ (1/8)z __A B _ 4 1/8

NCH EHEURHE B

) = 5 3 w003 5] v

(ii) To find the zero state response due to a step input, x(n) = u(n). Thus, we have

V) =21+ y(n=2) = u(n) + u(u - 1)

We know that the zero state response is due to the input alone. So for zero state
response, the initial conditions are neglected. Taking Z-transform on both sides of
the above equation and neglecting the initial conditions, we have

Y(z)—%z‘l Y(z)+%z‘2 Y(z) = U(z)+ 21 U(z) = Z%+i
ie. Y(z)(l—%z‘1+%z_2j = %
Yo = z+1 _ 2 (z+1)
& DG/ 07+ (1/82 D] (-2 (3/ 92+ (1/8)]

2(z+1)
" (z-Dlz-(1/2)][z-(1/)]
Taking partial fraction of Y(z)/z, we have
Y(z) _ z(z+1) _ A N B N C
z  @E-D-1/))[z-(1/4)] 2z-1 z-(1/2) z-(1/4)
16/3 6 N 5/3
z-1 z—-(1/2) z-(1/4)

Yo = [ 2 )| 2|42 2
or (2) 3 (Z—lJ z—(1/2)| 3|z-(1/4)

Taking the inverse z-transform on both sides, we get zero state response for a step

input as,

1 5(1

ot = St =6[ 3| um+3[ 5]
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Q.8 (c) Solution:

Direct form-I

Given, y(n) = —%y(n—1)—2—94y(n—2)—iy(n—3)+x(n)+ 4x(n—-1)+3x(n-2)
Taking Z-transform on both sides, we get
Y(2) = —%z—l Y(2) —2342—21/(2) —2—142—31/(2) £ X(2)+ 421X (2)+ 322X (2)

The direct form-I structure can be obtained from the above equation as shown in Figure

(D)

W (z)
21 41
-1 \ (. ~13 -1
z7 X(z) 4/ \D <+ T z7 Y(2)
21 41
272 X(2) > 22Y(2)
z-1
27 Y(2)
Figure-1 : Direct form-I realization structure
Direct form-II
Taking Z-transform of the given difference equation, we have
Y(z) = —%z—l Y(2) —%Z_ZY(Z) —21—42_31/(2) £ X(2)+ 427X (2)+ 322X (2)
ie. Y(z) B Y(z) 2 2Y(z) +iz—3Y(z) = X(z) + 4271 X(z) + 322 X(2)
12 24 24

ie. Y(Z)|:1+—Z_1 +—2z72 +—z_3} =X(z) [1 +4z71 + 3272

Therefore, the transfer function of the system is
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-1 -2
HE) = Y(z) _ - 1+429+3z :
X(2) 1+ 2 |27+ = 2724 — |27
12 24 24
Y
Ll (1) _ Y() W)
X(z)  W(z) X(z)
h W(z) 1
where,
X(z) 1+ 13 714 9 224 |27
12 24 24
W(z)
X(z) ® @ W, Y(2)
(7]
-1
13 zZ W)
<& >0
[=7]
<+ < 272W(2) >
24
[=7]
et
_\ﬂ ZSW(Z)
Figure-2 : Direct form-II realization structure
Y(z) o 5
and W) =1+4z7'+3z

On cross multiplying the above equations, we get

W(z) [1+Ez_1 +iz_2 +iz_3} = X(2)
12 24 24

ie. W(z) = X(z)——z‘ll/v(z)——

and Y(z) = W(z) + 4z P W(z) + 322 W(z)

The above equations for W(z) and Y(z) can be realized by a direct form-II structure as
shown in figure (2).

Q000

ocopyright: [MADE ERSY www.madeeasy.in





