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Detailed Solutions

ESE-2026 Electrical Engineering
Mains Test Series TestNo: 1

Section A : Electrical Circuits

Q.1 (a) Solution:
For current at t = 10 ms after switch is closed, the circuit will become,

| [ J] >
i(t) = i-l1-e ™ 0.5H
200 50 Q
T 200V T
o 50 44, 05H
L 05+05 1
T = — = = —

R 50 50
- i(t) = 4[1 - e~
At10 ms, I,= i(10 ms) = 4[1 - ¢0*10ms] =157 A

After opening the switch circuit will become,

0‘I7 - Circuit1

R, =50Q

05H 110
~— Circuit 2

1
I
AAAA

C=10pF

Ideal L.1(0)
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Both the diodes will be forward biased and current will not flow in the resistance hence
current in R1 =0 A.
In circuit 1:

Lﬂ+V =0
dt
I 8ms V=07
L
I 0
_ Vv 8 OO
I-1, = —f'(f)omS L,=05

Current in inductor L,

= I = 1.57—[£x8 ms] =1.558 A
0.5
In circuit 2: 1
1 Cs
—~LI(0")+I(s)—+LsI(s) =0
Cs
LI(0")
I(s) = 7 Ls LIo
—+Ls
Cs
Solving we get, I(s) = I(0)- taking Inverse Laplace Transform
2
T+ ——

LC
1(0) - cos (w,t)

-~

—~

~~

N
Il

1
o, = = =447.21 rad/s
° JIC Vo5x10x107
At, t = 8ms
ot = 204.98°
Current in inductor L,, i(t) = 1.57 x cos (204.9) =-142 A
Voltage across C;:
8ms
1. 1 Iy .
V= —|i(t)ydt== | I,-cos(wyt)dt = = —sinwyt
=Ji) Cg o-cos(wpt)dt = 5 ~siney
= L3xsin(204.9) =-14781V
4.4721x10"
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Q.1 (b) Solution:

+

V. sinmt <~>

Using decoupled technique:

V, sin ot C~>

./M\.
00 00
Ll LZ
< +
=C V, :E R

joL, joM 1, joL, joM I

I
L1 RSV
@ Tice \@ R2V:

. . 1
Applying KVL in loop (1):  V, = joL;I; + joMIy + —(I; — 1)

In loop (2) KVL gives,

joC

joC

Taking in Laplace domain, V,(s)

Vy(s)
Also, Vy(s)
Putting this in (ii), I,R
I, [R +sL + l]

Cs
I
From equation (i), vV,

Lisly +sMI, +i(11 -1,)
Cs

—SLzIz —SMIl —i(Iz _Il)
Cs
I,-R

—sLI, -sMI, +l[12 -]
Cs

Il[i—sM]
Cs
l—sM
Il' Cs 1
R+sL+—
Cs

Ls+i [ +1, sM—i
Cs Cs

...(iii)

..(iv)
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1 (R +sL + é )x I, 1
Putting (iii) in (iv), V), = (Ls + —)x 1 +1, (SM - —)
Cs 2 _sM Cs
Cs
V,=1,-R

Alternate Solution:
Circuit in s-domain

[11(s) +15(s)] +

RZ V()
1 -
P9

V(©) = sLih(9)+ MLy () + {1 ) - (9]

<
Q)
U
)
Il

Bty KVL in loop-1,

V(s) = |sk +%]I1(S)+[8M—%]Iz(8) (i)
KVL in loop-2,
1 [ 1 1
[SLz +R +z]12(5) = _E—E]Il(s) ...(i)

Put equation (ii) in equation (i),

17 [$’LC+1-sRC| [s*MC-1]
V(s) = ||sLy+—| > + = |12(5)
sC [1 -3 MC] sC
[(°LiC+)[$*L,C+sRC+1] [s2MC-1]
V(s) = > + 1Z16)
sRC|1-5"MC | sRC
(sL,C +1)(s*LyC + sRC + 1) — (s*MC —1)°
V,(s) = 3 Va(s)
1 sRC(1 - s2MC)
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Therefore transfer function:
sRC(1-s*MC)

Va(s) _
(s2L,C +1)(s*L,C + SRC(+1) — (s2MC - 1)?

Q.1 (c) Solution:
1. The dual network is drawn as shown below,

1
I
0
\n
Y
=

VW
9]
AAA
WV
§9)

s
|
=~
AAA

2.  The dual network is drawn as shown below,

www.madeeasy.in
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The final dual network is shown below,

1
AVAVAVAV 1
2 2 0 1F
00—+ —
uE (I)10A =3F 1H 210
Q.1 (d) Solution:
Case-I: When the 8-A current source is acting alone
By KVL for the supermesh,
3i+2i-47" =0 V’+‘>
| =3Q
o _ 1 O g
= h= 5 8A \ 47
O——4,
By KCL at node x, L
il - (8 + Z/) 2925 Zl’/
11., _ 847
= 5 T 1
= i =-16A
V), =3i"=3x(-16) =-48V
Case-II: When the 2-A current source is acting alone
By KVL,
. . o +|
3@, +2)+2i,-4i" =0 v'Z30
= 5i,+6-4i" =0 4" T
2 o i, . 24
Now, 7= (i, +2) !
5i,+6-4(i,+2) = 0 2Q 2A
= i, =2A

= (i,+2)=Q2+2)=4A
V) =3"=3x4=12V

Case-III: When the 10-V current source is acting alone

By KVL, " 30
37 - 10 + 21"~ 4" = 0

— 77 =10 A 20 10V

- V)" =10x3=30V

©Copyright: NADE EASY www.madeeasy.in
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When all the sources are acting simultaneously, by the superposition theorem the voltage

is given as

Vi= i+vi+v")
(-48 +12+30) = -6 V

Q.1 (e) Solution:
By KVL for the three meshes, we get

O 5.230° (V)
2Q I &
10.£0° (V) (£ 11> 5O Iz) 2100

(7 + j3)L, - j5L, - 5I, = 10 Q)
—j51, + (12 + 3)51, - (2 - j2)I, = ~(4.33 + j2.5)
51 - (2-j2)L, + (17 - j2)I, = 0

Solving for I, from equations (i), (ii), we get

7+3)  —j5 10
L5 (124 j3) —(4.33+2.5)
5 (2-/2) 0
L="7v3 -5 5

-75 (12+73) —(2-52)
5 -2-j2) (17-2)

0.4352-194.15° (A)
Therefore, the required voltage is
1%

X

10 x I, = 10 x 0.435/-194.15°
4.35./-194.15° (V)
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Q.2 (a) (i) Solution:

This two-port network can be considered as the cascade connection of two two-port
network as show below,

10 Q 20 Q 50 Q
—WW———W\——o0 o MW A
50 Q2 2003 210Q
o o o )
Network (a) Network (b)

For the network (a), as this is a T-network, the z-parameter are given as

zy, = 60 €& Zy, =50 &;
Zyy = 70 Q;
Az = (21425 = Z1525;) = (60 % 70 - 50%) = 1700
A = 211 — @ — é
a Z21 50 5
g =22 170 _5 0
Z21 50
a 221 50
z 70 7
D = £22 _ ‘Y _ 1

@~ 2z, 50 5
For the network (b), as this is a m-network, the y-parameters are given as

Yn = 150720 ) 100

1
Y2 = Yn = —%mho;
1. 1) 3
2~ |50 10) 25
7 03 (1Y _ 1
Ay = WY~ Y12¥2) = 700725 | 50 | T 125

3
A = Y22 _ __45 —6
’ Y21 _150
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= -l 500

Y -1 50

1
C = _ﬂ:_A%
b Yo _150

= zmho

7
_m:_ﬁoozz
1

D, =
b Yn a 50 2

For the entire network, the ABCD parameters are given as

A B A, Ba:|x|:Ab Bb:|
C D 1C, Do) |G Dy

—

6
= 34| [ 30 1208 179
= x|2 7 |=
1 7 =z L 0.68 5.9
50 5] 0 2
Q.2 (a) (ii) Solution:
Case-I: When V, =0
The circuit is modified as shown in figure,
N
N
L 1 x Ly
+ 0 AvAvAvA' A'A'A'Av
L 3
v, R, %E V,=0
- O
By KCL at node x,
£+£+odl =1,
Ry, Rs
R>R
V.= (I-o)—2=23
- = R R
By KVL,
Vi= LR +V,

©Copyright: MADE EASY www.madeeasy.in
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= I]_Rl +(I—(X)[ R2R3 ]Il

Ry, + Ry
h, = 141 :|:R1 N (1—0€)R2R3:|
Iy, Ry + R,
By KCL at the node y,
% v
R, 2 1
= I, = -l —(1-a) RoRs [
Ry + Ry
_ Rz + OCR3
= | 2—3
Ry + Ry
b = I _ [Ry+aRs
2L V,=0 Ry + R,

Alternate Solution:

Hybrid parameters of a network is given as

[‘ﬁ] _ [hn hn][h}

I hy hyy || Va
V, = (R, + R)L, + R, ..(i)
V, = (R, + oR)L, + (R, + Ry, (i)

From equation (ii),

—(Ry + 0R3) V.
L="rr TR (i)
)+ Rj Ry + Ry

Putting equation (iii) in equation (ii),

_Ry(RptaRy), Ry

= (R{+Ry)I V.
V= (Ri+Ry)l Ry+Rs ' Ry+R; >
R{ +R5)(Ry + R3)— Ry(Ry + 0R R
v, = Ry +Ry)( 2R 3) Ry (Ry 3) L+—2_y, )
)+ Ry Ry + Ry

©Copyright: NADE EASY www.madeeasy.in
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—(R2+0‘R3)1 L

L= "R, 7R; ' RytR, (V)
(R1 + Ry)(Ry + R3) = Ry(Ry + 0R3) R,
hyy hp| —(R, + aR3) 1
Ry +R, Ry + Ry

Q.2 (b) (i) Solution:
Using the T-equivalent circuit for the linear transformer, the inductances are
X, =X +X =/9Q
X, =X, +X =j6Q
X, =X, =-1Q

L 1Q [ /9% jeL
o o o O /OO °
W\
jSQg E]SQ — = 1Q
[ 1°] [ \°

Now inserting the T-equivalent circuit in the original circuit, the modified circuit involving
no mutual coupling is shown in figure below,

4Q j9Q
— W — 50—

6290° (V)(2) 11) H1Q =

By KVL,
jo = Li(4+)9-1) + I,(-j1)
= 4 +78)L + (), = jo
0 = L(-1) + I,(10 + j6 - j1)
= (/DL + (A0 +/5)I, = 0
Solving for [, and I, , we get
o '
R U (501 =30 + j60 :30[ ~1+ 2 ]
1 ‘(4 +78) —jl ‘ 7100 +1 7100 +1
—j1  (10+ j5)
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= 0.67£27.14° (A)
(4+]8) j6
I, = 0 6 06900 (A
27 J@4+j8) -1 | jro0+1 )
—-jl (10 + j5)
Q.2 (b) (ii) Solution:
Here, o = 300 rad/sec,
R =109,
C=30x10°F
Resonance frequency, ® . = 3xw=900 rad/s
1
1. - — = 900
JLC
= L= 1 =41.152 mH

9002 x30x107°
2. For 1%t Harmonic, (® = 300 rad/s)
R =10, X, =j300 x 41.152 x 10-% = j12.3456 Q
Ko = 300><30] 106 JHLILE
10 + j(12.3456 — 111.11)
(10 - j98.77)Q = 99.27./95.78° Q

2000 2000 .
Il = Zl 9927 /95.78° =20.152-95.78 (A)

For 3" Harmonic, (® = 900 rad/s)
R =10 €,

Z

1

X, = j900 x 41152 x 1073 = j37.037 Q,
_ —j _ . _

X . = =_i37.037 Q=X
S 900%300x10° L
Z, =10 +j(37.037 - 37.037) = 10 Q

400 400
[ = —= =40.,0° (A
5 Zs  10£0° (A)

For 5% Harmonic, (» = 1500 rad/sec)

©Copyright: NADE EASY www.madeeasy.in
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R =104,
X, = j1500 x 41.152 x 103 = j61.728 Q,

_ —J _ .
X, = =_i22.220
G 1500x30x10°

5 = 10+(61.728 - 22.22)
(10 - j39.508)Q = 40.752.£75.795° Q

100 100
5 Zs  40.752£75.795°

Z

= 2.454/-75.795° (A)

.. rms value of the current,

L \/1%+1§+1§ B \/(20.15)2+402+(2.454)2
rms 2 2
31.72 (A)

. rms value of the voltage,

,o- \/Vf TV24V2 \/(2000)2 + (400)% + (100)>
rms 2 2
1443.95 (V)

Q.2 (c) Solution:
(i) Applying KVL in the left most loop,
V,-1001,-20(I,-I) = 0
V, = 1001, + 20(I, - L)

where, I, = -10I,
V, = 1001, + 20(I, + 101,
V, = 1001,+220 I,
o
o= 320
-10V, -V,
= -10I, = 0_-_"0
Also, h 7 320 32
From the theory of ideal transformer,
-1, L Vo 10V,
= — = = 4+ — 10 = —
L n ( 1 ) 32( ) 32
10
10V, ) -100
Thus, V, = -LR, = —10><( 0 )— 3 Vo

©Copyright: MADE EASY www.madeeasy.in
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V, =100
Volt in = —=——=-3125
or oltage gain Vo 32

To find power gain, first let us calculate the power supplied (instantaneous) by the
independent voltage source (V)
Yo

1%
= VI =Vx-L=-0
00~ "0 350 " 320

Py

Power absorbed by the load resistor (R)) is

_100,, Y’
vy U3  10%%

2730710 "0
Power gain = llj_z = 1100;4 x 320 = 312.5
So, for the given problem
Voltage gain = -3.125
and Power gain = 312.5
(i) Given circuit,
ic E§4SQ£<t=O liR
su(-t) (1) Elo F ::+vC 1T 1 §§ 540
i % 10H

Before t = 0, a current source of 3 A is connected and the switch is open. At steady
state i.e. at t = 07, capacitor acts as open circuit and inductor acts as short circuit. The
circuit in the steady state for ¢ < 0 circuit can be drawn as below:

B
o
Q

AAAA

VWY

3A(®) Vo), 210

AAAA
\J

(07

. 3x24
L i0)=4g70a "
2. V(0)=48xi(07)=48x1=48V = V0"

1A =i, (0)
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At t > 0, the switch is closed and the current source is deactivated (open). The

circuit at t = 0* can be drawn as

ic(0) ir(07)

18v(Q®) @®1a

AAAA
LA
N
=
o)

48
(0N =—=2A
3. ig(0") Y
Using KCL, i (0")=-1-2=-3 A

To calculate V (), the circuit in s-domain for ¢ > 0 is drawn as below:

Vq(s)
240 l+
5 10s
N V(s) 2240
Ve(0) 48 A~ € . :
Cs ~ s \&J Li;(07) =10
by nodal analysis,
48
V [
)5 Ve()+10 Ve(s) _
240 10s 24
s
Vc(S)[i'i‘L'l‘i = 1_1
240 10s 24 ] 5 s
) :
Ve(s) s +24+10s _ s—5
240s ) 5s
485240 48(s-5)

V() = ——— =
o) 2 +10s+24 (s+4)(s+6)

By using partial fraction expansion

48(s-5) = A . B
(s+4)(s+6) s+4 s+6
48(s - 5) 48(—4 - 5)
A= "556 S:_4=f__216

©Copyright: MADE EASY www.madeeasy.in
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48(s -5 _6—
g o BEZO)_48(6-5 _ 0,
S+4: s=—6 -2

V() = -216e4 + 264¢%; t>0

att=20.2,
V(0.2) = -216¢98 + 264 712
02) = -1754 V
Q.3 (a) (i) Solution:
Data: V, =415 Q, f=50Hz
R =150, C=177 uF
L=01H,
For a star-connected load,
Vv, 415

Von = 5B B =239.6 V

X, = 2nfL =21 x 50 x 0.1 = 31.42 Q
1 1

C  2nfl 2rx50x177x107°

=17.98 Q

Zyy = R+jX, -jX.=15+j31.42 - j17.98
= 15 +713.44 = 20.14.£41.86° Q
Z, =2014Q
¢ = 41.86°
Power factor = cos ¢ = cos(41.86°) = 0.744 (lagging)

Von 2396
I, ==>""=119A
P Z, 2014 7

P = 3V;I; cosd

= 3x415x11.9%0.744 = 6.36 KW
Q = /3x415x11.9xsin(41.86°) =5.71 kVAR
5= V31

= /3x415x11.9 = 855 kVA
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¢ = 41.86°
If the same impedances are connected in delta,
V=V, =415V
Zy, =2014Q
Ly, = &:g =20.61 A
Zyn 2014

I, = VB3I, =~/3x20.61 =35.69 A
p \/§VLIL cosd
V3 x415%35.69%0.744 =19.09 kW

Q.3 (a) (ii) Solution:

20 200 uH
8000 Q2

AAAA
yvvy

C

"
1

)
N\

230V, 10° Hz
Data: R =20Q, L = 200 uH
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£ =106 Hg, V=230V
R, = 8000 Q
X, = 2nfL =2 x % 10° x 200 x 10-° = 1256.6 Q
_ 11 R
fo 2r\LC [2?
1 1 (20)
106 = 5 6o~ 612
21\ 200x107°xC  (200x107°)

C = 126.65 x 10”2 F = 126.65 pF
2nfl.  2mx10°x200x107°

Quality factor, Q= R 0 =62.83
Dynamic impedance, Z = L = 200 1?1_26 = 78958 Q)
CR  126.65x107“ %20
Total equivalent impedance of the circuit at resonance
= 78958 + 8000 = 86958 Q
Total circuit current = 20 2645 x10° A =265A
86958

Q.3 (b) (i) Solution:
For t <0,
Initially switch is closed, V_(0")

10000 i+ 1000 (27 ) = 12000i_

= 12000 x 10 =12V
10000
Converting circuit in laplace domain,
10° 12
5 11 D i
I
+ =
210kQ 2 1kQV
: D, Freve
3i = -V(t)
6 12
10ki, + 3ki, + gix =
s

s(13 x 103 i) + 10° i_

Il
—_
N
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12 3
—x10
. 12 _13
* 7 13x10%s+10° 10°
S+
13
i(f) = 0.923 x 1073 ¢7692
V(t) = 3i(h)
= _2.769 ¢ 7692 v
Att=0, V(0) = -2.769 volts
vi(h)
=13 x10" sec
-1.018 V I sec
-2769V

Q.3 (b) (ii) Solution:
1.

Since no voltage is applied to either inductor for ¢ <0, therefore, 7,(0) = 0, no voltage

appears across the second inductor until ¢ > 1. Hence, i,(1) = 0. Now, for 0< ¢t <1,

i(f)

i1(t)

1t
— d
Llb[vs(’c) T

t
J.COS(’C)d’C =sin(t)A
0

At t =1, the switch closes. The two inductors are then in parallel, and the source

voltage appears across each. Hence, using equation

i(t) =

We have, i,(f)

. 17
1 (to) + z J. oy, (T)dT
to

t
i} (1)+ [ cos(t)dt = sin(1) + sin(t) - sin(1) = sin(t) A
1

Using the same equation, we get

iy(f)

From KCL, the input current

i(f) =

ir(1)+ j. cos(t)dt = sin(t) —sin(1)A
1

i,(t) +i,(t) = 2sin(t) - sin(1)A for t > 1

ocopyright: [MADE EASY
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2. Using equation, for the stored energy during the interval [¢,, ¢,],

1. 1. .
Wilty 1] = S L[iE(8)~iE (ko) |Joule,

For0<t<1, W,,0,t) = 0551n2t]
W50, ) =
and, for t>1, W,,0,f) = 0.5sin’]
W,,(0, t) = 0.5[sin?(f) - 2sin(1)sin(t) + sin’(1)] Joule

Q.3 (c) Solution:
For t <0, switches S, and S, are open.
So thati(0)=0A
Since the inductor current cannot change instantly,
i(07) = i(0)=i(0%) =0A
For0<t<2, S, is closed,
S, is opened; 10 Q and 20 Q resistors are in series. Hence, assuming for now that S, is

closed forever.

0
b b AVAVAVAV AVAVAVAV .
20 Q i)
sa( 3150
n
R,
B 6x15
i) = 30+15
Ry = 15+30=45Q
. _ L _>5_1_
time constant, T = Req 45 9
Thus, i(t) = i(e0) + [i(0) = i(c0)]e*/T =2+ [0 - 2]e~**
. i) = 2-2%A,0<t<2

For t > 2, switch S, is closed, 20 Q resistor is shorted, but sudden change does not affect
the inductor current because current cannot change abruptly.

Thus, the initial current,
i2) = i2)=21-e¥)~2A
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i(e0) after S, closed is calculated as

o o AAAA AAAA
\AAAJ \AAAJ

100 0Q i)
6a() S50
<—|
R,,
i) = =B _36a
10+15
R, = 10+15=25Q
ti tant, T = = —i—lsec
1me constant, Réq 25 5

Hence, i(f) = i(c0) + [{(2) —i(c0)]e"t-2/%; £ >2

We need ( - 2) in the exponential because of the time delay.

Thus, i(f) = 3.6+[2-3.6]°¢2A
i) = 3.6-1.6e5-2A;t>2
i(t) for all t is
0 ; t<0
i(f) = 21— ; 0<t<2
3.6-1.6e7072); 52
at t =1 sec, (1) = i(t)], 1w 0<t<2=2(1-¢7)=19997 A
at t =3 sec, i3) = i(t)], 530 t>2=3.6-16e5C-2 =358 A

Q4 (a) Solution:
To calculate Thevenin equivalent, R, and V., across AB, we remove 5 Q resistor.
Calculation of Ry, :

All voltage source will be shorted,

oA
002 TR,
o B
Hence, Ry, = 10Q
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Calculation of Vi

100 V
D MW °A
20V
—MWW— |
20V 6Q 40V
Vin= Vag
10Q 7Q 20V
—MWW—1+—
50V
i} o B
30V
—WW——
4Q
Applying KVL in the path shown,
V,-100-20+50 = V,
Viph = V,-Vp=70V
Thevenin’s equivalent circuit:
Ry, =10Q
AVAVAVAV
+ >
Vi, =70V = EER=5£2

The current through 5 Q resistor is given by,

70

= —=4.667 A
I 15

Verification by superposition theorem: According to superposition theorem, in any
linear and bilateral network having multiple independent sources, the response of an
element will be equal to the algebraic sum of the responses of that element by considering
one source at a time and deactivating all other sources.

* Current dueto E_,
Il

AAAA
+ \AAAJ

100V TE

b =
> O

-<
-<
-<
<
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100
= —=6.67A

L 15

* Current due to E,,
L=0 5Q
+ AV‘V‘V‘V _
6Q

10Q

S

Current will flow through shorted branch. Hence,

I, = 0A
* Current due to E,, * Current due toE,,
I 5Q L., 5 Q
T MWW _ Rpm— J +‘v‘v‘v‘v _
i E,
i 7Q
———AMWW— Lo 10
20 V 10 Q AV‘V‘VAV
20
I = E=1'33A I,=0A
* Current due to E, * Current due to E,
5Q I
Q 15 T MW —
+ AVAVVV J_
I Fs /)
TV Sl
) 4Q
100 0
AVAVAVAV
203334 =
I; = 15 —o. I, =0A

Note: Resistance in parallel to the ideal voltage source has no effect on current I.
Applying superposition theorem:

Current through 5 Q resistor,

[
Il

L+L+ 1+, + 1+,
6.67+0+133+0-333+0=4.67 A

Thus, same results are obtained using both Thevenin and superposition theorem.
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Q.4 (b) Solution:

0 T

100£0° V (~)

Mutual inductance = kyL;L, =0.5v4x9=3H

Using the dot convention, the equivalent circuit can be drawn as below:

Thevenin voltage: To calculate Thevenin voltage V.., we disconnect the load
impedance Z, .

2Q 2Q
{l H00 °
4Q 9Q
730
Vth

10020° V(~) /D ,0
1 L =
Ba

Applying KVL in loop 1, we get,
100 = (-2 +4j +2+3)[,

L= _100 =18.57£-68.19°A
j2+5
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Vin = BL+Q2+)L

Ve = (2+j6)L,
Vy = (2+]6) x 1857 £-68.19°
V, = 117.44 £3.36°V

Thevenin impedance: To calculate Thevenin impedance Z,,, we replace the
independent voltage source by short-circuit. Applying 100 V at the terminals of Z ,
the Thevenin impedance is given by,

(: 100.£0° V

Thevenin impedance: Zy = T
2

Applying KVL in loop 1, we get
(2+j4)L + 3L+ 2+B)(I +1) = 0
2+9) = -(2+j6)L;
I, = —(2+—].5)12
Applying KVL in loop 2, we get
(2+73)(I, + 1) + ;3L +j11I, = 100
(2+j6)I, + (2 +j14)I, = 100

_(2+16 .
—(2+]6)[2+;5 JIZJF(2+]14)I2 ~ 100
; ~100
2~ 612
(22+]_6) —(2+j14)
+]5
100 L =324024]
- o o4i1a) 222
Zo = 7, =@H4) 245
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Z, = (0.068 +j6.828) Q

Thevenin equivalent circuit is

| ] 0
| S |

Z,, = (0.068 + j6.828) Q

Vi Jé) 117.44./3.36°V

0

(ii) For maximum power transfer, according to maximum power transfer theorem,

ZL = Zth
Z, = (0.068 - j6.828)Q2
| S|
Zy, = (0.068 + 6.828)) Q
+
Vi (5) 117.44.3.36°V [] 2= Zy,
- = (0.068 - j6.828) Q

The maximum power transferred to the load Z, is thus,

2
v
p o Val 11744x117.44 00 iov 5071w

max 4R, 4x0.068

Q4 (c) (i) Solution:
The given two, two-port networks are in series with the source. For the network N,
1 2

o 0

210Q

o °
1" NetworkN, 2

Zygp = Zpp = 10 Q =2y, = 2y,

12 8 10 10| [22Q 18Q

Thus, 2] = Lzl 2] = [ 8 20} ’ [10 10} - [18 Q 30 Q]
But

V, =z 0y + 2,1, = 221, + 181, (1)

V, = 2y, + 25,1, = 181, + 301, ...(it)
Also, at the input port

vV, =V, -5 ..(iii)
and at the output port vV, = =201,
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_h |
— 2= "0 ..(iv)
Substituting equation (iii) and (iv) into equation (i) gives
18
VS - 5]1 = 2211 —EVZ
= V. =27-09V, (V)
While substituting equation (iv) into equation (ii) yields
30
= 181, - —V.
Y2 2072
25 _
= L=13"2 .(vi)

Substituting equation (vi) into equation (v), we get
V. = 27)(% Vz -0.9 Vz =2.85 Vz

Ej

oo 1 o351
V. 285

Q4 (c) (ii) Solution:
By using superposition theorem,
current source. Let current due to voltage source is I,.
e _p.

AAAA
\AAAJ

tirst considering voltage source and open circuiting

40 80
5020°V (%)

5Q /:j6§2

yvvy l
5020°V (&) 4L %j 80

Let, z, = 6-)(8-6)
(5- j4)x j2
5—j4+ 2
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_ 8+710
@ 5-j2
50£0° 50£0°
Current[01 = = -
10+zeq 10+8+]10
5-j2
I. = 4575 /-12.019° A

01
Now, considering current source and short circuiting voltage source. Let the current
due to the current source be I,.

By redrawing the above bridge circuit, we get

-j6 Q
/ 10 Q
2/0°A Cf) B MW / A
5Q 24 Q
C

By using Thevenin’s theorem,

2200A (1)
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Voo = 5I'-(-j4)l”
2.£0°x (j4)

7 = ———=>=1.485/111.80°A
where, I 56+ 4

220°%(5—job)
5-j6+j4

=290£-28.4°A

Voo = 7425 Z111.80° - 11.60 £ ~118.4°A
Voo = 17.32.£80.83°V

Thevenin’s resistance, Zth:

-6 Q 8Q
-4 Q

Zyn = (21G-74)
Z, = 2378 £73.141°Q

Zth

AAAA
\AAAS

lIo2

=10 Q

Voc®

AAAA
v

L~ Voo __ 17328083
2 = 7,+10 (2.378£73.141°)+10

I, = 1.584 £68.81°A
According to superposition theorem,
Iy = Iy *+ 1
4.575 £ -12.019° + 1.584 £ 68.81°A
o = 5.0752£593°A

—~
Il
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Section B : Systems & Signal Processing
Q.5 (a) Solution:

The Fourier transform X(e/®) of the sequence x(n) is given by

X(e/®) = 2 x(n)e™ /" = 2 e /"
Nn=—oco n=—N1

A change of variables is performed by letting m = (n + N,), which also yields n = (m - N,),
m=0asn=-N,and m = 2N, as n = N,. Therefore,

2Ny
m=0
. 2N1
X(ej“’) _ e]o)Nl Z e jom
m=0
_ eijl 1_e—jm(2N1+1)
1—¢ /@
0N, e—jm/z(ejco/Z _e—jm(2N1+1/2)
= € - - -
o io/2 (efw/ 2_ o/ 2)

(eJ'w(N1+1/2) _e—]'OJ(N1+1/2))

‘ sin(w(N +1/2))
X)) = " sin(w/2)
B 1, n‘ < Nl x oy _ O‘)%
xn) = 0, |n|>N; e XE)= sin(w/ 2)

The Fourier transform is sketched in figure (b) below for N, = 2. Since X(¢/®) is real, the
magnitude and phase spectrum are given by

‘ |sin (o(N; +1/2))|
| XE@) | = sin(m/2)
| 0, X(e/®)>0
and ZX(e®) = r, X(el®)<0

The magnitude and phase spectrum are plotted, respectively, in figure (c) and (d) for
N, =2.
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x(n) X(°)

I NAPVA

N, 0 N, n /2n\/~7t\/0 \/ \/Zn\“)

(@) (b)

il
Nl L

(©) (d)

Q.5 (b) Solution:

(i) Given that, x(t) = cos (100mt)
Comparing with x(f) = cos(w,t)
We have, o, = 100 or f =50Hz

Therefore, the Nyquist rate is given by
o, = 20, =200t or f =2f =100Hz
(i) If the signal is sampled at f, = 200 Hz, the discrete-time signal is

x(t)‘tznTs = x(nT,) = x(n) = cos(100mnT,)
1007

cos n
200

T
COS| —n
5

(iii) If the signal is sampled at f, = 75 Hz, the discrete-time signal is

x(n)

x(t)‘t=nTS = x(nT)) = x(n) = cos(100mnT,)

1007
cos n
75
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x(n) = cos(4—3nn) = Cos(Znn—zes—nn)
2n
x(n) = cos(?n)

The frequency of the discrete-time signal x(n) is f, = 1/3 cycles/sample.

(iv) For the sampling rate f, = 75 Hz, we have

fa = é
Jafs

f= %75:25Hz

or, equivalently, we have f

Clearly ,the sinusoidal signal
y(t) = cos(2nft)
y(t) = cos(50mt)
sampled at f, = 75 Hz yields identical samples. Hence, f= 50 Hz is an alias of f= 25 Hz
for the sampling rate f, = 75 Hz.
Q.5 (c) Solution:

By taking the first derivative by X(z), we can convert the given z-transform to a rational
expression. Therefore, by taking the first derivative of X(z), we obtain

dX(z) —az ™2

dz 1+az !

dx —az !

Thus, -z (2) = e =
dz 1+az

Taking the inverse z-transform yields

z7 [—zm] 7| =

dz | 1+az |
_ 4
1| —az
nx(n) = Z
) _1+az_1_
We know that
1
a"u(n)«— — |z| > |al
1-az

©Copyright: NADE EASY www.madeeasy.in



A4 | ESE 2026 : MAINS TEST SERIES MADE EASY

1
1+az”

Therefore, (—a)" u(n)«— T/ |2 >|al

a
a(—a)" u(n) %m, |z| > |al

Using the time-shifting property, we obtain

a(-a)" tu(n-1)«—> az”

1+az V' ‘Z| g |a\

az !

L

—(-a)"u(n-1)¢— "
+az

2|>|al

Consequently, nx(n) = —(-a)"u(n -1)

Q.5 (d) Solution:
Conditions for existence of Fourier transform:

(i) 1. Signal x(¢) should be absolutely integrable i.e.,

i [ e(t)]dt <oo

then ‘X(O))‘ < oo

2. Signal x(t) should be deterministic over any finite interval.

(a) It should have finite number of maxima and minima within any finite
intergal.

(b) The signal must have a finite number of discontinuous within any finite
interval, and each discontinuity must be finite.

These conditions are sufficient but not necessary. If a signal satisfies these, it
will have a transform, however some signals that violate these conditions can
still possess a Fourier transform.

Examples:

* Energy signals like eI*| satisfies Dirichlet conditions.

* Signals like a DC constant (A) or a sine wave (i.e., sinw,t) are not absolutely

integrable. However, they possess a Fourier transform in the form of impulse
functions.
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* A signal that is neither an energy nor a power signal, such as x(t) = tu(t),
does not have a defined Fourier transform because it grows indefinitely.

Q.5 (e) Solution:

The given signal x(f) = sgn(t) can be rewritten as

sgn(f) = u(t) - u(-1)
This signal is not absolutely integrable. So, we approach this problem by considering
sgn(t) to be a sum of exponential e™u(f) - e*'u(-t) in the limit as a — 0.

x(#)

+1

N e ——————

Thus, sgn(t) = lim[e_”tu(t)—e”t (—t):|

a—0

lim F[ e u(t) - " u(-t)

a—0

and X(w) = F[sgn(t)]

= lim (F [e_”tu(t)] -F [e_”tu(—t)])

a—0
. 1 1

= lim —— -
a—0| a+jo a-jo

. —2jm -2jo
= hm( 5 5 ) = >

=0\ a” + ®
X(w)=F ] = =z
(0) = Flsgn()] = =
s n<—%i
& o
The magnitude spectrum is
2
X(@) = [
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and the phase spectrum is

T
© _E' 0>0
ZX(w) = —tan™! (—):
T
—, o<0
2
Figure below shows the magnitude and phase spectrum.
X <X
/2
0 ®
-1/2
0 (0]
(a) (b)
Q.6 (a) (i) Solution:
y(t) = (2-3e + e u(t)
2.3 1
%) = s s+1 s+3
_ 2(52+4s+3)—3s(s+3)+s(s+1)_ 6
() = S5+ 1)(s+3) S5+ 1)(5+3)

Consider the given unit step response
s(t) = (1 -et - tetyu(t)
s(f) = u(t) - etu(t) - tetu(t)

The Laplace transform of this equation yields

1 1 1
We know that, H(s)=s5(s) = S(E s+1 (s+1)2J
s 5
Hs) = 1=———-—
) s+1 (s+1)

(s+1)> —s(s+1)—s
(s+1)
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s2+25+1—52

—5—5
) (s+1)°
1 Y(s)
H(s) = (S+1)2 - X(s)
_Y(s) _6/s(s+1)(s+3))  6(s+1)
Therefore, X(s) = H(s) 1/((s+1)*)  s(s+3)
2 4
X0 =553

The inverse transform of this equation yields
x(H) = 2u(t) + 4e>tu(t)
Q.6 (a) (ii) Solution:
x(f)

| | t
-2 -1 0 1 2

x(t) =u(t+2)+u(t+1)-u(t-1)-u(t-2)

. L 1
Fourier transform of the step function is u(t)i),— +nd ()

jo
Time shifting property is x(t — t) )«———e /®0 X (jo)
So, the Fourier transform of x(#) is

X(jay = [0+ e~ 720 1 MS((D)]

) pJ20 _ ,mj20 N ejw_e—j(o— 2j
2] 2]

X(jo) = (sin2m+ Sin(z))(%+ j27t5((0))

_ 2sin2m N 2sin® _ 2[511(203) + 511(03)]
® ()
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Q.6 (b) (i) Solution:

The waveform is periodic with period T = 2 and fundamental frequency w, = 2/ T = .

The given waveform for one period may be written as

B t, O<t<1
x(t) = 0, 1<t<?2

Since the wave is neither even nor odd, the series will contain both sine and cosine terms.

= —jx [jtdt+j0dt)
Now, we determine a, and b, :

g4 = —I COS n(DOt t

2
= %[J.tcos(mtt)dt + IO cos(nmt)dt }
1

1
= ftcos(nnt)dt +0
0

: 1 1
_ |:t s1n(nnt):| +|:cos(nnt)] _
o | (m)? |, (nm)

5 (cos(nm)—1)

nm
_Lz' n=1,3,5,..
a, = nm
0, n=2,4,6,..
5T
b = —Ix(t)sin(nwot)dt
T
0
7 (1 2
= E[J.tsin(mtt)dt+IOsin(mtt)dtJ
0 1
1 1 . 1
_ ftsin(mtt)dt+0 _ [—t cos(mtt):| +{sm(n7;t):| :—icos(mt)
0 nt (nm) 0 nmw
i, n=1,3,5,..
b,=1 "7
-——, n=2,4,6,...
nm
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Substituting the values of a, a, and b, gives

a9+ Y, [a, cos(nwyt)+b, sin(nwyt)]

x(t) = =
- 1—icos(mf)— cos(3mt) - cos(5mt) —....
~ 4 g (3m)? (5m)°

+lsin(1rt) - isin(21rt) + isin(31rt) —...
T 2n 3r

The line spectrum is shown in figure below. The even harmonic amplitudes are given
directly by |b, | since there are no even-harmonic cosine terms. However, the odd-

harmonic amplitudes must be computed using ¢, =+/a> +b>,n>1 and ¢, = 4, Thus,

2 2
(2] (2] -0
TT T

c, =
1
= —20159
= 2n
c, = 0.109
c; = 0.064
Cn
0.377
1
| ‘
01 2 3 4 5 6 7 8. n
Q.6 (b) (ii) Solution:
4 11
Given that, x[n] = (g) u(n)
. 1
So, X)) = —5——
1-—¢/®
4Y DTFT d 1
an yln] = n (5) uln] de[l_élejw}
5
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_]%e—jw %E—J(D
Y(e/®) = ] 2 |~ 2
5
4 _
, jo
J —e
So, H(el®) = Y(e .w) __>5
X(e®) 1_% o
5

Q.6 (c) (i) Solution:
Consider the given difference equation
y(n) = 0.5y(n - 1)+ x(n)
Taking its z-transform, we obtain
Y(z) 1
X(z) = HE =205,
This system has a pole at z = 0.5. Taking the z-transform of the input,

1 4

1011-—~=
10(1-z " cos(n/4) [ \/EZ :|
1-2z 7 cos(n/4)+z2 1-2z71+272

The output of the system is given
10[1-(1/+2)z" ]
(1-0.5z71)(1-v2z71 +272)
10[1-(1/42)z" |
(1-05z1)(1-e/™ 4271 -/ 4571y

Y(z) = H(z)X(2) =

Using partial fraction expansion, we obtain

6.3 6.78¢ 1287 . 6.78¢/287
Y@ = 10571 1—eim/4, 1 1 in/41
[ — \ "

pole of the system  poles of the forcingvfunction, ie, input
The inverse z-transform of this equation yields

y(n) = 63(05)”1/1(1’1) +[6_786_j28-7ej”n/4 +6-78€j28'7€_jmc/4]u(n)
ransient respons ' L

transient response

steady—statYe response

The system is initially relaxed, i.e., all the initial conditions are zero. Therefore, the natural
or transient response is
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y,(n) = 6.3(0.5)"u(n)

and the forced or steady-state response is

o o
6.78¢7 1270 4 4+6.78¢71%87¢ T 4 |y(n)

yf(”) =
= 13.56 cos(gn —-28.7° )u(n)
Q.6 (c) (ii) Solution:
Given  y[n] = x[n] + by[n - 1] ()
Initial condition y[-1] = P ...(it)

Taking unilateral z-transform on both the sides of equation (i) we get

Y() = X(2)+ b 27V (2) + y1-1] |

(1-b2)Y(2) = X(2) + bP (i)
and x[n] = " u[n]
B 1
X(z) = (1 o, 1) (iv)
1
O e e

B 1 bP
Y@= A—e™ 0 (1—pbz ) (A-bz )

Taking inverse z-transform we have

Sl 1 bP
= ZT™ . +
yln] (1— ey (1—bz ) 1—bz‘1}

According to linearity property of z-transform

_ 2| ! o[ e
vl = 21 z—l)(1—bz—1)]+ZT [(1—bz—1)]

L

1 1 . 1

(1-b/e/™)(1—-e/® 271y (1-e/™ /b)(1-bz)
1 +ZT7 1

(1-b/e™)(1-e/™ 271y (1-e/™ /b)(1-bzh)

yln] = 2T ] +bP-(b)" uln]

y[n] = zr! +b" 1 Puln]
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y[n] = (/)" un]+ b" u[n]+ 5"+ Puln]

(1-b/ e/™) (1-e/™ /b)
el b"

y[n] = (1—b/ej°’0)+(1—ej(”0/b)

+b" TP | un]

Q.7 (a) Solution:
(i) Given that,
x,(f) = e u(t)
|x1(1.‘)|2 = e u(f)

Therefore,

. 2 . 4
p = lim~ [ ) de= lim [ e*upt
-T/2 -T/2
T/2
— lim — j e Mt
T=ed )0
4t|T/2
= lim —— —11m1|:e_4T 1:|:0
ToewT —4 0 T —o0

Since, P, = 0 and 0 < E_ < oo, x,(¢) is an energy signal
(i) Given that,

xZ(t) = ej(2t+rt/4)
2 _
ot =1
Therefore, E = _[ (1)dt = oo
T/2
.1
P, = lim - | ey (1) it
T=ed 1o
T/2 ,
= lim j dt = lim =T =1
o g Toe
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Since, E, = e0and 0 < P, < oo, x,(t) is a power signal

(iii) Given that,

Therefore, E = 2 ‘x3(n)‘2 = z

. 1 2
=1
P, nglo 2N +1 n§N|x3(n)|

1 N 1+cosl§!n

2

= lim
N—-=2N+1 ==

1 1

= | im ——— (2N +1) |+ 0=
N—=2 (2N +1)

Since E, = o and 0 < P, < o, x,(1) is a power signal.
Q.7 (b) Solution:
Using the partial fraction expansion, we obtain

1_2+1
s+1 s—-1 s+2

X(s) =
X(s) has poles at -1, 1, and -2.

(i) The ROC and the locations of the poles are depicted in figure (a). The ROC, R{s} >1,

is to the right of the rightmost pole, so all the three poles correspond to causal (right-
sided) signals. Therefore,
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For ROC > 1;
Here, x(t) = (e_t—26t+e_2t)u(t)
Y 1
e “u(t —_—
®) s+2
joO ! jO
X—% % X——x *
2 1 o 1! 6 -2 -1 0 1 G
(a) (b)
| J® \ : : jo
s | ">k x
5 -1)5( 0 x1 c 20 10 1 ©
(©) ()

and hence
x(t) = etu(t) - 2etu(t) + e >u(t)

(ii) The ROC and the locations of the poles are depicted in fig. (b). The ROC %R{s} < -2,
is to the left of the leftmost pole, so all the three poles correspond to anticausal (left-
sided) signals. Therefore,

, 1

—e u(—t)%—1
s+
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—Zetu(—t)<—>i
s—1
o 1
—t —_—
e u-H) s+2
and hence, x(t) = —e"tu(-t) + 2etu(-t) - e*tu(-t)

(iii) The ROC and the locations of the poles are depicted in figure (c). The ROC
-1 <R{s} <1, is a strip. The pole of the first term is at -1. The ROC lies to the right of
this pole, so this pole corresponds to a causal (right-sided) signal. Therefore,

e‘tu(t)ML
s+1
The second term has a pole at s = 1. Here the ROC is to the left of this pole, so this
pole corresponds to an anticausal (left-sided) signal. Therefore,

—2¢'u(~t) ML
s—1
The third term has a pole at s = -2. Here the ROC is to the right of this pole, so this
pole corresponds to a causal (right-sided) signal. Therefore,

e_Ztu(t)%L
s+2
and hence we obtain
x(t) = etu(t) + 2etu(-t) + eu(t)

(iv) The ROC and the locations of the poles are depicted in figure (c). The ROC,
-2 <R{s} <1, is a strip. The pole of the first term is at -1. The ROC lies to the left of
this pole, so this pole corresponds to an anticausal (left-sided) signal. Therefore,

—e fu(~t)e—> L
(s+1)

The second term has a pole at s = 1. Here the ROC is to the left of this pole, so this
pole corresponds to an anti-causal (left-sided) signal. Therefore,

—2¢'u(-t) ML
s—1
The third term has a pole at s = -2. Here the ROC is to the right of this pole, so this

pole corresponds to causal (right-sided) signal. Therefore,

e u(t) %)L
s+2
and hence we obtain x(t) = —e7tu(-t) + 2etu(-t) + e?tu(t)
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Q.7 (c) Solution:

(i) Determine the Discrete-time Transfer Function H(z)

The Bilinear Transformation maps the s-plane to the z-plane using the substitution:
2(z-1
T T z41

2
Given, T = 0.2 seconds, the substitution factor is — =10

0.2
10(2—1)
z+1
10

o3 o e

Divide numerator and denominator by 10 to simplify:

Substitute s into H (s):

H(z) =

(z+1)?
H(z) = 2 2
10(z=1)"+7(z-1)(z+1)+(z+1)
22+22+1
T 10(z% - 22+ 1)+ 7(2% 1) + (22 + 2z +1)
B z2+2z+1
1022 =20z +10+72%> -7+ 2> +2z+1
22+22+1
H(z) = 2
1822 —18z+4

(iij) Difference Equation:

To find the difference equation, express H(z) in terms of z7! :

. Y(z) 1+ 2271 4272
B = X)) 18-182 1 +427

Cross-multiplying:

Y(z)(18 - 18271 + 4z72) = X(z)(1 + 2z71 + z72)
Taking the Inverse Z-Transform:
18y[n] - 18y[n - 1] + 4y[n - 2] = x[n] + 2x[n - 1] + x(n - 2)
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(iii) Poles and Stability:
The poles are the roots of the denominator
1822 -18z+4 = 0

Dividing by 2:
922-9z+2

Using the quadratic formula,

1l
(@)

(9 £(-9’ - 4(9)(2) _ 9+ BI-72

“7 2(9) 18
943
“7 18
12
* Polel(z): 18 - 0.667
6
* Pole2(z,): 18 0.333

Stability comment: Since both poles |Z1| <1and |Z2| <1 lie strictly inside the unit

circle, the digital filter is stable.

Q.8 (a) Solution:
(i) By definition,
x(n) * h(n)

oo oo

S x(Rh(n—-k)y=Y (0.8 u(k)(0.4)" *u(n-k)

k:—°° k:—oo

—~
S
N—"

Il

The power limit on the convolution sum simplifies to k = 0 [because u(k) = 0, k < 0],
the upper limit to k = n, and we get

y(n) = i (0.8 (0.4)™* — (0.4)" i 2k = (0.4)" 1+l
k=0 k=0 1-2
= (0.4)" (2" *1-1)
= 2(08)” _ (04)n:|u(n)
(i) Given that,
= 1L, n=1
v m = {0, n<l
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and

By definition,

where k1 =1 and k2 =1

and

or, more compactly

(iii) Given that,

and

By definition

where k1 = (0 and k2 =1

1 n-2 o
oo 2 o (M =
m=0

au(n-1)

o, n=>1
0, n<l1
n—kz

n=>1+1=2

n-1 ' n-2 1
Ocn Z ok = an Z a—(m+ )
k=1 m=0

aﬂ

1-o

n=2

n<0

_O(; u(n—2)

n, n=20
0, n<0

_ a", n>1
0, n<l1

ﬂ—k2

x(n) * hiny = 2 X()h(n—k)

k=k1

n<(k,+k)—->n<l1
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n—k2
and y(n) = Z x(k)h(n — k)
k=k;
n=(k, +k,)
n-1 (=)
—(n—
= Dka n=0+1)=1
k=0
n-1 -n+1
a -1 n
=a "y ka* = 1-na"""+(m—-1)a
=N [ |
a—n+1 1 ;
- - >
Therefore, y(n) = <(1-a)? [1 nat =+ (n=1)a ]’ n=1
0, n<l
a—n+1 1 ,
or, more compactly, y(n) = (1—a) [1 —na "+ (n=Ta ]”(” -1)

Q.8 (b) Solution:
(i) Trigonometric Fourier Series Coefficients:
The square wave is an even signal, centered at t = 0, with a period T and fundamental

frequency,

_2n
Wy =
1. DC Coefficient (a,):
The average value over one period:

T/4

- 2] a1

T_T/4 TL2] 2
2. Cosine Coefficients (a,)):

5 T/4

a, = = j Acos(nwyt)dt
T—T/4

. T/4
2A| sin(nwyt) " 24 (mm
= —|— =—sin| —
T nwy |, N0
* Formneven:
a =0
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e Forn=1,509..:

_24
O = nmw
e Forn=3,711...:
_ 24
O = nmw

3. Sine Coefficients (b,)
Since x(t) is an even function,
b, = Oforalln
(i) Gibbs Phenomenon:

The Gibbs Phenomenon describes the behavior of the Fourier Series at a point of

discontinuity.

* Observation: When approximating a square wave with N harmonics, an overshoot
occurs at the edges of the pulse.

* The 9% Rule: As N — o the frequency of the oscillations increases, but the
amplitude of the overshoot does not go to zero. It settles at approximately 8.95%
of the total jump height.

* Significance: It proves that the Fourier series converges to the midpoint of the
jump at the point of discontinuity, but produces “ringing” artifacts in the vicinity.

(iii) Duality Property Application:
Duality property: If x(t) <> X(®), then X(t) <> 2nx (-w).
1. Standard Pair: We know that a rectangular pulse x(t) = rect(zi) has the Fourier
a
2sin(aw)

transform X(w) = °

2. Apply Duality: Swap the variables t and ®

2sin(at)
It x(t) = ———
t
th X(w) = 2m-rect 0
en (@) Y

3. Adjust for Constants: Divide both sides by 2n

o))
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4. Final Result:

The Fourier transform G() is a Rectangular Function with a height of 1 and a
width of 2a (from -a to a).

Q.8 (c) Solution:

@ 1. We may redraw the block diagram as shown in Figure (1).

W~ o(t) - V(e ~
O/ T T N
i i
O-F T
- L
. 5 s P
Figure (1)
_ V) _ Y
Let H,(s) = m and H,(s) = V)
H(s) = H,(s)-H,(s) (i)
Now, consider the left half section of the Figure (1).
V) = XE+TVE2)+H )5
s
V(s) l:l + % + sl2:| = X(s)
V(s) 52
X(s) T (s*+2s+1)
V(s) s .
X~ MO T -
Now, from the right half section of Figure (1).
Y6) = VO+VEED+VE-6)
1 6
Y(s) = V(s)l:l —3 —5—2]
2 —Qq —
% _ Hy(s)=C S; 6) .. (i)
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Now, from equation (i), (ii) and (iii), we get

_ 52 (s2 —5-06)
HE) = (sz+2s+1) 52
(s2 -5-6)  Y(s)
HE) = (2 52s11) X(s)

Y(s)[s? + 25 + 1] = X(s)[s? - s - 6]
The inverse Laplace transform of the above equation yields the differential
equation of the system relating x(f) and y(#).

Py, 2dy) |y PO A0 g

a2 dt a?  dt
(s> —5—6) _(s—3)(s+2)
H(s) = (s+1)° - (s+1)°

We know that for a system to be stable, all the poles must lie in the left half of
the s-plane. The two poles of the system are at s = -1. We may conclude that this

system is stable.
(ii) Given differential equation is
d2y(t) | 6dy(t)
a2 dat
Taking Laplace transform of equation (i), we get
s2Y(s) + 6sY(s) + 8Y(s) = 2 X(s)
Y(s) 2

+ 8y(t) = Zx(t)

X(s) s?+6s+8
Y(s) 2

HE) = X)) " (s+2)(s5+ 4)

(o) = 1
) (s+ 2)2
since, Y(s) = X(s).H(s) = ! o 2
(s+2) (s+2)(s+4)
3 2
Ye) = (s +2)3(s +4)
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Breaking into partial fractions

and

also,

and

_ A B3 Bz Bl
Y s+4+[(5+2) (s+2)2+(5+2)3}
a2 _2_-1
= (s+2)3 s -8 4
142 5.2
B3_ st [(s+2) (S+2)3(5+4):Is=—2
1x2| d*( 1
T2 |:d52(5+4):|s=_
=i 1 :2(s+4)
ds (S+4)2 s=—2 (S+4)4s=—2
1
B3=Z
Cldfap 2 | L
B2— ll S|:(S+2) (S+2)3(S+4):|52 2
w2 |
B, = (s+2) (S+2)3(S+4)|s:_2 1
(1) 1 1/4 (1)1 !
Y(s) = 4)(5+4)+(5+2)+(2)(s+2)2+(5+2)3

-2t
L L u(t)
4 2 2

= [€721(0.25 - 0.5¢ + 0.5t2) — 0.25¢ 74 ]u(t)

Q000
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