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DETAILED EXPLANATIONS

1. (c)
Since total power absorbed or delivered in the circuit
= P = 0;

then -30x6+6x12+3V,;+28+28x2-3x10=0
72 +84 + 3V, = 210

or 3V, = 54
= V, = 18V
2. (d)
Converting Y circuit to A circuit, the circuit is as shown below,
5Q
xo a MW b
AAAA
o VYVVV &
1002 L R q S10e
- :: R2 Rs:: <
b= >
yo r S
Further simplifying the circuit we get,
273Q
xo a MW b
> >
= 3750 3750 =
b= >
Yo
d c
2%x2
R, = 2+2+ =6Q
2+0

Due to symmetry of the network inside star network,
R, =R =R;=6Q

Ry = 5—R1=2.73£2
a 5+R,
10R
R .= —2 =375Q
e 10+ Ry
R, = 19% 3750
10+ AR,
R, = Rad |l (Rap + Rec)
= 2.375Q
3. (b)
For the given circuit,
. L
time constant,t = —
Req
R = Gll20)+1=5Q
L =2H;
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T
i(t)
i(t)
For v(t); v(t)
Where iy
V(1)

4, (c)

2
—S8ecC
5

i(O)e‘t/T
10e251 A
20 i, (iy is current in 20 Q resistor)

5
5+20

20 x (2 €25) =40 25tV fort>0

[-i(t)] = -2 25 A

Before t = 0, the circuit has reached steady state so that the capacitor acts like an open circuit.
The circuit is equivalent to that shown in figure after transforming the voltage source.

i
2A<D gé 400 0.5i §§ 80Q
From circuit,
V,
05i = —4—% ()
V,
or, i = % ..(ii)
Hence, from equation (i);
0.5x Yo = 2- Yo
80 40
320
or \/0 = T = 64 \/
or i = % =0.8A
5. (a)
Consider the circuit given below.
Iy 1 s L=0
MW—T00 °
+ +
10
<
110 2 =1 1= =0
- o
For Z,, .
(113, R
I = S - +1
(O 1 1
(1|| )+1+s+ ——+1+s+—
1 s
S
]0 — s+1 I = S

17 3 2 1
s

+ 4541 S +28° +3s+1
s+1
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V. 1xI = ;
27 570 3405 +35+1
z, = . 1
L 4282 +3s+1
6. (a)
Applying KVL,
V,, —joLyi,—jo Mi; = 0
as i, =0
then, Vy—joMi; =0

applying KVL in loop 1
Vi = JoL, i
Using value of i, from equation (ii) in equation (i)

(i)

Vo o= jm/\/l[,i} - My
Y jol, L
7. (b)
The circuit can be redrawn as,
Ao
=C, T/ 24uF —— 8uF = 4uF =12uF == 16F
Bo

Coq = C,+[24+8+4+12+16]uF
Ceq = C,+064uF
-.- Energy stored in capacitor is

E- Loy
2
1 2
536 = Eceqx(4)
0 C 236%2 _ 67 uF
I = =
=T T
From equation (i), C,=67-64=3uF
8. (d)
V,, 2122 150x+2
= L= - =150.04 =150 V
e = T2 T 2
and Vo = 120V (given)
V, = 4150% -120% =90 V
1] = VR _ 1203:0.12A
R 1x10
V| = [l xoL
1%
o L Vil __ 90 15H

= wx|I] 500x012
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9. (c)
The circuit can be redrawn as,

Applying KVL, we get,

v(t) = Lﬂ+ R-i
at
Since, the unit step voltage has been given i.e.
v(t) = u(t)
or v(t) — iR = Lﬂ
at
(v(t) —iR)dt = Ldi
1 ai
or —dt =
L v(h) - iR
Integrating both sides, we get,
1 ¢ di
ot = :
L.Cl). I'|;1—IR
On solving equation (ii), we get,
o, i(0) = (1= 4 1,
L 0.632V
att:‘[: E’ l([‘:’t): R +0368IO
10. (d)
For maximum power to be transferred,
Z = Zg

Here, Z = (2 -j4)Q
Zs=(2-j4)=(2+j4)Q

11.  (c¢)
The given circuit can be drawn as,
2H
o0
b
o— —000" To——°
1H 1H

[~ O

Converting 'Y’ ‘acd’ to ‘A’, we get

()

(i)
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O
2H
o B0 °
Lth
%Lad %Lﬂi
o] 0
1><1+1x%+1><1
Here, Loy = 2 1 =2H
1><%+1><%+1><1
Ly = 1 =2H
1><1+1><%+1><%
L, = 1 =4H
2
.. The circuit can be redrawn as
2H
[HO
4H
° T ° ° B °
LZ
%2H %2H — 1/5H 1/5H
o] 0 [ ]
o 2x4 —§—éH
where, k= 327176 3
12. (c)
To find Ay, , consider the below circuit
1200 =Req=10Q
: A'A'A'A' :
100 | 200 | A 300 b
ao MW —AMW : ob o MW o
L L b LPO <
1002 100 Z100 = 1003 © X S 100
< < < ] <

Transforming the Y-sub network to a A network.

then Ry = Ryp=1[3011(75+75]=10Q
To find V;,, we transform the 20 V .and 5 V sources.

We obtain the circuit shown as below

© Copyright: MADE EASY www.madeeasy.in
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13.

14.

——o0b

>
=10Q
>

Applying KVL in loop-1 we get
-30+50+30i,-10i, = O

or 3ij—i, = =2

Apply KVL in loop-2, we get
-50-10+30i,-107, = O

or —-i,+3i, = 6
From equation (i) and (ii), we get
i, = 0A,
i, = 2A

Now: applying KVL to the output loop,
-V,,—10i,+30-104i, = O
= -V,+30-10x2 =0
Vi, V=10V

(c)

..(ii)

Showing the corresponding currents in all the branches, the circuit is shown as below

I 1Q

Now we apply KVL in outer loop
B3+1(1)-5+V; =0
I+V, =38
Applying KVL in bridge,
S5+ V,-2([-V,)-4(-28V;)=0
142 V,-61 =5

I = 537A
V, = 262V
(c)
Applying KCL at node
%+1O+2VO =0
Solving we get,
Vo = —4.444V
Current through the controlled source
i = 2V,=-8.888A

www.madeeasy.in

© Copyright: MADE ERSY



EmAoE Ensy
India’s Best Institute for IES, GATE & PSUs

. NetworkTheoryl 13

and the voltage across it,

V.
V= (6+4)><7O =-11.111 volts

Hence, power absorbed by dependent source
P = (-8.888)(-11.111)=98.75 W

15. (c)
1st combine 10 Q and 40 Q resistors and redrawing the circuit.
2Q 150 10Q
o—MW MW MW
— Req E§ 50 Q
-<
o—MW MW MW
8Q 20Q 30Q
We now have,
(10Q+15Q) [[50Q = 16.67 Q
2Q 16.67 Q
o—AWW—
8Q 50 Q
equivalentresistance = 2Q+(50Q |[16.67Q)+8Q
= 225Q
16. (d)
The voltage across inductor is,
ai; di (1)
VL = LE = L—Cs)'[
Current across capacitor is given by,
av
i.= C=—¢
¢ at
v, =3y,
av, a%i (1)
| = 3C—L =3CL==" - _96sin4tA
= iy p” o sin
17.  (a)
From, the circuit;
I
< <
70Q 2V, <30Q
< — B
e h Iy
a b
50V _> iz
< te
200 = Vo= 50

© Copyright: MADE ERASY
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S0 50
VV . = — = =
& can get; ! (70]30) +(20]5) ~ (21+4) 2A

V, = 21x =42V, & V, =4/ =8V
= ﬁ—OGA" —ﬁ—O4A
T 70 TP MR T g T
Now, KCL atnode ‘a’, i, = i, +1,;1,=06-04=02A
Hence, Vo = 8V, I[,=02A
18. (c)
The circuit can be redrawn as
y ooz b a
Yyvvy
o L B
wov(@®) (@) Zsa 503 @ & 20v
%%%% ﬂﬂﬁf& (E:) %%%V
Y20 Y 20 v 5 d
The current in the loop 1 is given by,
. 10 .
i,= ———=1A ey
' 54342 0
V, .=2x1=2V
Vx—W = _Vw—x =-2V
Similarly the current in loop 2 is given by,
20
i) = =2A (i
27 515 (i

V,_4=5x2=10V
Thus, the circuit can be redrawn with respective polarities of the voltage drops as,
5Q

y AAAA z b a
yvvy
< <
1ov<i) =30 502 Cﬁ)zov
< <
2V
_AvAvAvAv+ MW oA ) . ‘l‘g‘x_
w
Y20 20 ¢ 50 9
5V
By inspecting the respective polarities, we get,
Vx—d =V_,* Vw—c + Vc—d
=-2+5+10=13V
19. (c)
By redrawing the circuit, we get,
I a
+O0———9
-
2 o01A
200V bege———]
> Circuit
J 25v X
—o -
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Let us assume the tap position at ‘b’
Let,
Also,

The circuit current,

We can also write,

R, =500Q (given)
Ro=xQ

R, = (500 - x)Q
V,=200-25=175V

a

I= §+O.1
X

V,, =1x(500-x) = (§+0.1)(500—x)
x

or 0.1x2 + 150x — 12500 = O

By solving, we get,

By consideringx = 79.16 Q,

x=79.16Q and -1579.16 Q
25V

X

I= +0.1A=0416 A

Total power supplied = 200V x I =200V x 0.416 A =83.2 W

20. (a)

The circuit can be redrawn as,

23
o I }
L
(B0+X)Q
o U= -
°

Total impedance of this circuit,

Using factorization, we get,

Z=2Z+(Z,11 Z)
20 + j10) (10 - /30
= (30 + /%) + [(20+;10):10_§30)}
200 - j600 + /100 + 300
30- /20
500 —jsooj
30 - j20

= (30 + jX) +

=(30+jX)+(

=30 + X + {500(1 - /) (30 + 120)}

(30)? + (20)?

- 304K+ >
BT

5 . 5
—-/10)=| 30+ — x50 X-—x10
(50-/10) ( +13>< )+/( 13>< )

At the resonant condition, the imaginary part of the total impedance expression is zero.

5

X-—x10 =0
13

or,

X=@ =3.85Q
13

© Copyright: MADE ERASY

www.madeeasy.in



16 | EC+EE £MADE ERSY

Indie's Best Institute for IES, GATE & PSUs

21. (c)
In order to determine Z, for maximum transfer, we find Thevenin’'s equivalent impedance Z;, across the
terminals of Z,. For this, the voltage source should be replaced by a short circuit and element values
should be expressed in terms of their respective impedances.
Thus, by redrawing the circuit, we get,

j1Q a b
o0 o o
10 —H2Q
AAA |
1: \AAAL 1
1QS
S
-2 Q==

As the two capacitors are connected is parallel, the equivalent impedance of their combination is
—H2Qll-2Q)=-1Q

a b
O [
10 H1Q
—MWW—]
aQ 1Q
—— 00— W——
A+H0-j) 2
Th f ’ Zy = < 1 L -== 1 Q
eretore ™ A e 2
For maximum power transfer, Z = Zp=1Q
22. (c)
i(07) =i,(0")=0A
v,(07) = v (0*) =100V
The circuit can be redrawn in s-domain as,
sL
IO
? Vc(0+)_ u
s T s
a1
S
100
or I(s) = s _100 !
sL+ 1 Lls?s 1
sC LC
1
- 100/ | —ALC
L 1
S+ —
JLC
Taking inverse Laplace transform of the above equation, we get,
c . 1
i(f) = 100,/—sin—t
L JLC

Now by putting the values of L and C, we get,

www.madeeasy.in © Copyright: MADE EASY
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-6
itt) = 1001219 g L _(10sin10°) A
1x10 \/1O><1><1O_9
23. (a)
We apply a Y'to A transformation,
jaQ
B[O
Zab b
? | °
< Zac Zbc Zeq
1= RH2Q ~—
¥ ©
C
2-j2+j4 j2+2
Zap = o T =0-)e
2+ 2 .
Z_ = Tj=(1+/)9
2+ j2 .
Z,, = =2+ 20
jallz, = jall(1-p=(1.6-j08) Q
11z, =111(1+)=(06+j02)Q
(Allz)y+(111z,) = (22-j0.6)Q
1 i+ 1 N 1
Zoq T -2 2+j2 22-06
= j0.5-0.25-/0.25 + 0.4231 +j0.1154
= 0.173 +j0.3654 = 0.404£64.66°
Zeq = 2.473/-64.66° Q = (1.06 — 2.23) Q
24, (b)
Let V;, represent the voltage across the current source and then we apply KCL at that node,
420N B W
50 -j20 40+ j30
(0.36 +/0.38) V, = 88
Vo= — B 16813, -4655°V
°© "~ 036+,0.38 ' '
Now current through inductor,
V
I = 0__ -3.363£-8342°A
! 40+ j30
Total power delivered in inductor,
S = VI, =168.13£-46.55° x 3.633£83.42°
= (452.34 + j339.25)
reactive power ininductor = 339.25 VAR
25. (c)
2R, R,
FOFT<O, VH= H1+R2,
Vg(07) = 10= R, +R,

© Copyright: MADE ERASY
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R/IIR, = 5Q
. 2R,
W0 = 5 rR
Fort>0; i) = i (0)x et/ [Where 1, = L/R,=1/50R,]
lL(t) — 2H1 9_50R2t
R+ R,
2R1RZ —50Rot
- ——=e "
Val = R 1R,
V.(1ms) = 5=10e 010"
5 = 106—0.05,‘?2
0.06 R, = 0.6931,
R, = 13.863 Q
26. (b)
Short circuiting V, and redrawing the circuit
(o] b 12_0.511 Av‘v‘v‘v Z
it
J 50
Vi 1OQ§§ 1051,
.
V, =0V
V, = 10(1,-0.51, + L)
V, = 51, + 101,
Vi = =51,
1 1
Y,, = 2=—=-020
21 v, 5
V1 = 511_"|O><k/l
5
3V, = &I
1
Yy = —1=3=O.625
v,
27. (b)

For maximum power transfer, let us calculate the Thevenin’s equivalent resistance,

Using KCL at node A, we get,
V-4i, V

5 10

A g

O
O

i

Ov

5Q
<
=10Q
>

AAAA

4,

o O

=

(1)

www.madeeasy.in
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2V-8i,+V = 10i
2V -8 v +V = 10i
10
(20 + 10-8)V = 100/
R v @Q 4.545 Q
o (LR,
Finding V4,
A iy
50 % 10Q
VTh
4iy T 20V
B
Using KCL at node A, we get,
VTh_411+VTh_20 -0

5 10
2V + Vi, —20 = 8,

Vi, =20
BVTh — 8(T)+20

8Vp, 160
Wm=20= T "0
3V, -0.8V;, = 4
4
Vo = 55 =1818V

.. Maximum power transferred will be,

V2 2 ) 2
p- —h _ Vi _ (L818)° e 81 mw
ARy, ~ 4Ry, 4x4.545

28. (a)
At steady state,

/ = £=1A
R

When switch moves from position ‘a’ to 'b’, the tapped energy in L starts discharging through ‘C".
By KVL in the circuit

—+—Jldt =0

or, sLI(s)—Li; (0%)+ I()+ (£+) =0

and v.(0) = v (0%) =
Thus,

© Copyright: MADE EASY www.madeeasy.in
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29.

30.

1 E
a[(s)+sLI(s) (_E] =0
or, I(s) = LRl
L[sz+}
LC

taking inverse Laplace transform of the above equation, we get,

H l.ECOS L

0= TR\ Ve
By putting the values of parameters, we get,

i(f) = costA

(c)

In case of charging,
v = o(0")[1-e"7]
20 = 50[1-¢7/7]

20
50 1 = _gb5n
5
. -0.510
or, T = 9.788sec
| T = RC=Rx50x10%=09.788 sec
R = 195.76 kQ

(c)

Referring the secondary side, towards the primary, we get,
48 Q

AAAA
yvvy

4cos30t Ci“) |z

W | =

Where, Z, = 8—0)]—C=(8—]'4)Q and n=

Z ,
7] = n—§=9zL =(72-j36) Q

4200 4L0P°
48+72-36 12528/-16.70°
I, = 0.0319£16.70°

2
I; x72 =0.5088x 1072 x 72

Py = 36.63mW

www.madeeasy.in

© Copyright: MADE ERSY



