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DETAILED EXPLANATIONS

1. ()
Given circuit is

0 v.o30Q
AAA 1 AMA 2
vvvy \AAAJ
50 Q L
OV 1A 21000
T 30V
Applying KCL at node 1,
Vi —60+V1 -V _ 1
20 30
3V, -180+2V; -2V,
= =1
60
= 5V, -2V, =60 + 180
= 5V, -2V, =240 ..(1)
V, -V, +V2 —30+ﬁ 0o
30 50 100
10V, —10V; +6V, ~180+3V,
- 300 )
= -10V, + 19V, = 180 ...(ii)
Solving equation (i) and (ii),
V, =546V
V, =44V
V, 44 184
- 2= = SR 044A
hoo o 100 100 5
2. (b)
To calculate R, deactivate all independent sources.
9Q
—WW———
6Q 6Q
AVAVAVAV AVAVAVAV
< <
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Using star to delta transformation,
9Q

-
> %
> 1O

vyvy
180 180 3599 < Ry,
9
9Ix =
9 2 9Ix9
Ry =910 118 18] = 9l = 5 =7 =530
2
For maximum power transfer, RL = Rth =3Q
3. (b)
V(t) = 10 sin ot V
B.W =400 rad/s
10
Vrms = ﬁ = 707 V
B.W = R
L
400 = 100
L
L=025H
V. 500
Q= v =707 =707
1 |L
We have, Q= R\C
70.72 = e
27100\ C
0.25
(70.72 x 100)? = <
c= 2 > =4.99x10"F
(7072)
4. (d)
Given data, Power factor = 0.6 (lag)
cos 0 =0.6

0 = cos™1(0.6) = 53.13°
According to given circuit,

Ry (1+2j)
Zeq = Ry +1+j2
/0 = tan' 2 —tan "

Ry +1
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9_ 2
-1 R2 +1
£53.13° = tan —
1+
Ry, +1
. 2Ry +2-2
tan(53.13°) = Ry +5
4
E(Rz +5) = 2R,
4R, + 20 = 6R,
2R, =20
R, =10 Q
5.  (a)
In s-domain, the circuit can be drawn as below:
Ii(s)
io(s)
6Q 05
Vo(s)<i> - T
2s

The admittance

1 s 1 2 5+4s(s+3)
Y(s)= —5too = +=s=
6+2s 25 2(s+3) 5 10(s +3)
457 +125+5
Y) = "o +3)
1 10(s+3)
206) = Y(5) 45’ +125+5

Poles, s = -0.5, -2.5
Zero = =-3
6. (d)
For the given tree, the possible fundamental cut-sets are {1, 6, 8}, {2, 6, 8,3}, {8, 7, 5, 3} and {4, 7, 8}.
7. (o)
To calculate R, the equivalent circuit is

50 4 1Q
A

AAAA AAAA
Wy VWy
Iy
s A
330 <_> 21, y
loop-1 loop-2

KVL in loop-1
8I+2[,=0 ...(i)
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10.

11.

KVL in loop-2

Calculate V,,

AAAA
1A
w
o]

=]
sc 0
KVL in loop-1
2[, =8I,
1 ..
I = ZIO ...(ii)
KVL in loop-2
3I,=0
I,=0
Hence, I.=0
th ~ “th Isc =0V
Thevenin equivalent circuit is
—o
E% Rp=3Q
L o

()

Whenever an ideal voltage source and ideal current source are connected in series, the current
through the combination would be same as the current source. Hence, it will behave like an ideal
current source alone and if they are connected in parallel, it will behave like an ideal voltage
source alone.

(b)
(d)

Tie set matrix gives the relation between the tie set currents and branch currents. Thus, the order
of B pis (b-n+1) x b and it's rank is (b - n + 1). Further, the submatrix corresponding to twigs (B,)
is not an identity matrix and the submatrix corresponding to links (B)) is a identity matrix of order
(b-n+1).

(d)

According to given circuit

V, = -5,
Substituting the value of V, in the given equation,
V, = -25I, - 6l,
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v, = -31I,
I, =8 x (-51,) - 3I,
I, = (-40 - 3)I, = -431,
Input impedance
,_ B s
iT 1, 43 43
12.  (b)
o —4x107
i(t) = = —[V()-8]
. 1 3 1 3 3
i(t) = —Exlo [V(H-8] = —Exlo V(t)+4x10
2i(t)-8x10~° ,
V(t) = —————— = 2 x 10%(t) + 8
-10
Hence, R, =2x10°Q
. R _8><10‘3_4Ms
ime constant = Ry 2x10°
13. (a)

Converting the two delta network formed by resistors 4.5 Q, 3 Q and 7.5 Q into equivalent star
network, we have,

4Q

45%x75
= = —————=225Q
Ry =Rq 45+75+3
75x%3
=R.= ——=15Q
Ry =Rs 45+75+3
45%3
=R = ———=09Q
Ry=R, 45+75+3

The simplified network is

The network can be simplified as follows:
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58Q
AAAA
vvvy
225Q 2.25Q
o—AMAV—]
A B
AAAA
\AAAJ
6 Q
225Q 2.95Q 225Q
A B
7.45Q
o———MWW—o
A B
R,, =745 Q

14. (d)
From linearity,
Vou = Ky Vg + Ky i
ForV, =6V, is2 =0,V =5V, hence
out = 0Ky

5
56K = K=

For V, =0, i52 =3A,V =8V, hence

Vo = Ky x0+3xK,
8 = 3K,
8
K, = g
Therefore for V; =12 Vandi, =9 A
5 8. 5 8
Vou’t = gVSl +§lsz = gX12+§X9
=10+24=34V
15. (d)
16. (c)

The Node voltage V, = (4 + V) Volts.
Applying KCL at node A,

2 3
AR AL
2 3
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Power delivered by 2 A source

17.  (b)

k<< k<< D>< D><

Ve 4 4V
23 3

3V, -8V,

2x§=gw=1o.4w
5 5

Simplifying the circuit, and calculating the equivalent resistance,

o

R

a1l N

o Copyright: MADE EASY
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R=2KkQ
4

= —kQ
R, 5
Maximum power transferred to load R;

2 2
p = Ym _Voc

™ 4R, 4R
oc=V.=15V

_ Vic _ (15> _225x5
MO 4R 4x%kg 16 kQ

P =703125 mW

<
|

18. (a)
0.5.£0° <D E§ 400 Q g 7100 Q
Z‘R
1100
Using current division rule, ip = M( 520°) A
i= (100D 5,00) = (121.26.475.96%) mA
R 412.31./14.036°
ip = 121.26c0s(100¢ + 75.96°) mA
19. (o)
V(s sC
I(s) = ©) T =V0) 2LC( )
R+sL+— (s"LC+sRC+1)
sC
J10 ¢ 10 1
S ooy 2Ry L) 2 (2,90, 200
L LC 2 2
I 50 _ 50
5) = =
) = T 2554100 (s+5) (s +20)
_ 50 N 50
(20-5)(s+5) (-20+5)(s+20)
I(e) = 50 50
(5) = T5(5+5) 15(s+20)
Taking inverse Laplace transform,
10 , _ -
L)) = () = 5 (€ =eu()

At t =200 msec

. 10, 5x02  —20x02y_10, 1 4
l(t)lt:200x10*3s=?(3 e ) = (7 —eT)

3

= ?x0.3487 =1.162 A
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20. (a)
Att=t]

Switch S, closed, S, open
Inductor — Short circuit

2Q
AV‘VAVAV
10V Ci) i(t)
. 10
iL(ty) = =54
Att=tf
Switch S, - Open
S, - Closed
3s
10°
T s
Li(t))
Ie(s)
Lip(t{) =3 x5=15Volt
_ LiL(t{r) 155
Tl = = 06 T 32 1108
3s5+—
s
5s S
Iele) = — 5= .~
s2 +— 2 10
554 —
3 V3

Taking inverse Laplace of I-(s)
3

L I(s)] =i(t) = 5COS|:%(t—t1):|A
ic(t) = 5cos[ 0577x10°(t~t;) |A fort=t
21. (a)

v(t) =sin(2t) = (1 L0°) V
i(t) =ig+i-+1,

= o(t) l+,L+ !
R joL _ ]
oC
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140° 1200 20) )

i(t) = +
® 1 ]'2[1) J
3 4
i(t) =3£0°+22£-90° + 6£90°
i(t) = 3sin(2f) + 2sin(2t - 90°) + 6sin(2t + 90°)
= 3sin(2t) - 2cos(2t) + 6¢cos(2t)
= 3sin(2t) + 4cos2t

= \/32 +42 cos[Zt—tan_l(%H

i(t) = 5cos(2t - 36.86°) A = 5sin(2t - 36.86° + 90°)
i(t) = 5sin(2t + 53.14°) A

22. (a)
For series RC circuit, Z=R--L
oC
v(t) consists of two frequencies,
N . 50
t w =0 rad/sec, i(t)pe = ~
Ato=5x10rad/sec, () = 2 =112/634°
Z
2] = 1157+ = 0
Also tan_l[ij =63.4°
! oRC '
1
oRC
1
2R = oC put in equation (i)
JRZ+(2R)? = 4.464
Squaring both sides, 5R? =19.93
R? =3.985

R=199Q~2Q

23, (d)

Equivalent impedance of the circuit is Zog

1
Admittance, Y, = Z =Y1+Y,

www.madeeasy.in © Copyright: MADE EASY
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v - 1
17 Ry +sL
1
Y, 1
Re+—
€7sC
1 (Rp —joL)  Rp —joL
Y, =

" (Rp+joL) (R; - joL)  R? + @’

1 (Rc+jj RC+L

Yz = R _i RC +i Ré n 1
C wC oC ®>C?

RL—jﬂ)L +RC +]/(DC

Y =Y+Y,=
eq 1772 Rf +0’I? RZ + 212
o C
At resonant frequency o = w,,
Imaginary part of admittance is zero.
1
-w,L ,C —0
2 272 =
R +o;l* 24 21 S
w;C
,C ,L

w2(RELC-1?%) = R}

1+ REw2C?  R? +w’I?

L,

EmoRéLc = R? +w?I?

_L
L'c
L
R} -
2 _ L c
0
W = rad/sec

Puttting the values of R, R. L and C

24. (o)

1 [100-2 [98
- A00=2 B g s rad
© = 2\ 25-2 Va6 rad/sec

f,=2MHz
_ Resonant frequency
- Bandwidth

_ S 2x10° _10° _
T BW  20x10° 10°

100

o Copyright: MADE EASY
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1
Resonance frequency, f.= T

Quality factor for series RLC circuit,

_l\ﬁ

Q= R\ C

0= L[ 1
© R\ (2nf,)*C?

1 1

R = =

100(2nf,)C 100x2mx2x10°%0.5%10~°
R=00_5_ 150

200t ©

25. (d)
Using Thevenin’s theorem,

(200.£45%) V C~>

<
-
<
R
=
<
< <
D <
<
o—
+
=
=
AAAA
\AAAJ
[uy
()

(2002459 -V, _ V, .V,

Using KCL, 20 T 710730

1 1 1 j3+6+72

°c=V/| —=t—+—|=V,| ———

10245 “(20 j10 30) ”( 60 J

VvV = (102457 (60290%) =(76.8495.2°) V

a 7.81.,39.8°

. 10) V
Thevenin voltage, V.=V|=—=|=22
8 Th ”(30) 3

Vi, = (25.6£95.2°) Volt
Finding Thevenin’s equivalent impedance, Z,

200
"""" l
200 §§ poa < §§ 100
T Zyy,
7 = j1o||zo=m
20+ 510
Zy, = 10](Z’+20)
20 7 = 204 1200 _ 400+ j400

(20+710) 20+ 10

www.madeeasy.in © Copyright: MADE EASY
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400 + j400
, - ( 20+ 10 ] _4000(1+ ) _ 4000+/2.245°
T 400+7400 5 600+ 500 781.02.£39.8°
(20 + j10)

Zy, = (7.24/5.2°) Q
Zy =724 /520

| |
| S—

G 25.6./95.2 ’D

. 25.6.295.2
T 724/52+7.24
P = PR, = I¥(7.24) = 22.67 Watt

= R, =7.24Q
>

AAAA

26. ()
The given circuit can be drawn as,
2H
OO
b
o OO T00™ o
1H 1H
1
g
o] O
d
Converting Y’ “acd’ to ‘A’, we get
OO
2H
o THO o
LIZC

1><l+1x1+1><1
2 2

Here, L,= 1 =2H
1x%+1x%+1x1
L,= 1 =2H
1><1+1><%+1><%
L= 1 =4H
2

© Copyright: MADE EASY www.madeeasy.in
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.. The circuit can be redrawn as

2H
B0
4H
o B[O o o HHO o
LZ
%ZH %ZH — 1/5H 1/5H
[+ 0 0
2x4 8
=—=—=—H
where, L, 214 6 3

27. (d)
At t = 07, switch is closed, circuit is in steady state, inductor acts as short circuit

\AAAJ

-<
20Q =
-<

@ +

mgg wgﬁmv
, 30 30 . .
1L(0—) = %+E_3+1_4A

At t = 0" switch is opened
i(07) =i (0) =4 A
At t — oo, switch is open, circuit is in steady state, inductor acts as short circuit

i (=)

003
mVCD —o0 o—
wgﬁ wgg
. 30
i;(0) = —=3A
(=) = I
. . . . 7t
iy () = i (o) +[i.(07) =g (=) |/
. L
Time constant, T=—"
Req
002 -—
Req
wgﬁ 100
R, =10 Q
05 1
1= —=—-5€ecC
10 20
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ip(t) =3+ 4-3)e2 t20
= (3 + ) t20
~20%40
At t =40 ms, i (8], - jox108¢ = 3+e 1000 =34,708 23449 A
28. (a)
3A
o)
-/
10 Q Vy 1
Vx A'A'A'A' AAVAVAV oa +
L 3A
100 L
S5Q Vay
mv(?
ob -
. Vx -24 Vx - Vy
+ =
Using KCL, 10 10 3
30+24-V, =V, -V,
2V, -V, =54
V.-V, %
Using KCL, ’(10 LA ?Ms
Vi-V, _ V, +15
10 5
V,-V,=2V, +30
V,-3V, =30
2V, -6V, =60
From equation (i) and (ii),
5V, =-6
6
= —— Volt
v, 5 o
Using KVL, Vy =3x16+ Vo
V=V, -48=-12-48=-492V
29. (a)

At t = 0~ switch closed.
Circuit is in steady state,
Inductor acts as short circuit

i 3Q 53
AAAA
\AAAJ
51V<i> 4Q§E 8Q§E
8x4 8
84 =573
8 17
= %+3="0
Req 3+ 3

o Copyright: MADE EASY
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i= 2L o5l 3 3x3-9A
Req 17
- 4 _9 p—
i(07) = X5 =3=
Att=0"
Switch is open.
00 .
N in(0)
§§4Q §§ 8Q

Using KVL at t = 0%,
V,(0%) +i,(0) (8 +4) = 0
V,(0%) = -i,(0) 12
i (0" =i, (0)=3A

- Nt
M=—12x3

V. (0*) =
dip (0%) _ _%z_gA/s
dt 4
30. (b)
_____________ R
i T
10A D 2300 Two Two E§
30%20
30||20 50
R’ = 12"40: 12x40 _ 12x40 :gg
40+12 52 13
iy
> 120 s
10 A SR="SQ0 S10Q
D > ST s
Using current division rule,
120
i, = 10 R =10x 502 —= Ox—120
R’+10 Y10 120+130
13
S 10x220 2y ga
250 5
[ 1] ]|
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