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DETAILED EXPLANATIONS

1. (b)

Since the network is passive, current I is due to the two sources V, and V,,.

By principle of superposition,

and

Given,

and

2. (a)
We have:

Here,

and

.. Instantaneous current

[=KV,+K,V,

1=4K, +0

K, =025

1 =0+5K,
-1

K2= ?2—02

v, =10V

V,=5V

Current, I = (10 x 0.25) + (5 x -0.2)
I=25-1=15A

Iy =1 -1
6 £30° -2 220°
=4.045 £ 34.92°A

I3 max = \/EXIrms

= 2 x4.045=572A
O =34.92°

o = 2nf =21 x 60 = 377 rad/sec

iy = 5.72 sin (377t + 34.92°) A

3. (c)

At @ — oo, Capacitor — short circuited

Circuit looks like,

W

At o — 0, Capacitor — open circuited
Circuit looks like
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—AAAA

Yo
Vi

So frequency response of the circuit will be,

So the circuit is Band pass filter

4. (a)
Removing terminal C the circuit can be rearranged as,
0a
+
2V E§ 120
01A 5
ref @ Vi
5V 150 B
———o b
Vi, is the voltage dropped by 12 Q resistor
Vin=V,-V,=2-V,
Apply KCL at node b
M -01+ u =0
12 15
By solving, we get V,=4V
Vin=-2V
Ry = 232 _ 6667 0
12415
Vi
d Iy=7%_=-03A
an N7 Ry,
5 (@)
R
+‘v‘v‘v‘v_
og(t) +
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i(t) = 1-e/"
L
where, T = E
vp(t) = i(t) - R
vR(t) = 1 -e/IR
dl 1 —t/T
= L—=L-—
Z]L(t) dt Te

v, (t) = Re /"
Let t = t;, when vy(t) = v (t)

= (1—e_t1/T)R = Re /"
= e t/T =1
1

= e_tl/T = E

t 1
= —L=In- = n2

T 2
= t; = 1ln2

6. (c)

We apply KVL in the loop,
-12+4i+2V,-4+6i=0

Put, V, = -6i
12+ 4i - 12i -4+ 6i = 0

-2i =16

i=-8A

V,=-6x-8=48V

7. (c)
Current in a capacitor leads voltage by 90°,
Voltage across capacitor, V. = 10 sin 27t

V

. f 10 . 0
Capacitor current = -~ = ——sin| 2nt +—
X, 2

c

= Ecos 2mt
C

Power in capacitor = V (t) i (t)

0.5
Energy stores in capacitor = J. V. (t)i.(t) dt
0

0.5
E. = J.@sinZthosZnt
X
0 C
0.5 0.5
50 | —cos4nt
= 50 sinant ar - _[M}
Xc g Xc . |,
E. = 4:}0% [—c032n+cosO] =0]
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8. (a)
Here, Line voltage, V, = 1100 V
Line current, I, =80 A
Power supplied, P = 100 kW
. power factor of the circuit,

P 100x 10° ,
cos ¢ = NaAR = 3 x 1100 80 = 0.656 leading
Impedance of the load per phase,
v, 1100
z-h BB
In L 80

Resistance of the load per phase,
R =Zcos ¢ =794 x0.656 =5.208 Q =521 Q
Reactance of the load per phase,

X =Z2-R? = (7,942 - (5.21) =599 Q
Capacitance of the load per phase,

1
c= Q.TEfXC
1
2mx50x599 ~ 214 uF
9. (c)
The transfer function is,
1
RIl—
PTG L e
Vi) gpar|-L S'RLC+sL+R
sC
H(jm) R
or W) =
U ~®?RLC + joL + R
Since H(0) =1 and H(e) =0

. The circuit is a second-order low pass filter.

10. (d)
When all the resistances are present:

P =
R
When one of the phase resistances is removed,

2 2
po oY AV
2 R 2R

2 2
- SV_ph=3(VLJ xl - VL2
R

Vi _VE

Reduction in power = R—ZZRX 100 =50%

YL
R
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11.

12.

13.

(d)
Applying KVL in primary and secondary loops,
V, = LjoL, - [, joM
0 = -I, joM + I, (100 + joL,)

Vi I .
Input impedance = Z,_ = 1= jol; - -2 joM
m I]_ 1'1
From equation (ii), we get
I,  joM

I, 100+ jolL,

Substituting the above expression in equation (i), we get

. 2
7. = juﬂﬁ__._iﬂgégl__
m 100 + ]('OLZ
_ (j1000) + (1000)? x 4

100 + 74000
Z, =25/143° Q

(d)

The circuit that exists for t < 0 is,

L + +
4ACD >20Q =5uF = 80V T 5uF == V¢

AAAA

V=IR=4x20=80V
V(0% = V.(0) =80V
Time constant, T = RC=20x5x10°=10"%s
After t = 0, V() =V - (V_ -Vy)el"
= 0-(0-80) e/

-10%t
V (t) = 80e
The half of initial voltage,

8. 40V
5 =
4
40 = 80¢710%
nd
05=c¢"""
Time, t = 69.3 us
(a)
1, 10Q +8:11 _4Q g

[ M2=L,L,)]
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Short-circuiting port-2 i.e. V, = 0, we get
L 100, 40
L8

Vi 5Q EE
Applying KVL in both loops, we get

V, = 10I, + 51, + 51, (i)
and 41, + 51, + 51, -8, = 0
= 91, = 3,

L .
= I, = 3 ..(ii)
From equations (i) and (ii); we get

51, 5, 50I;
vV, = 10I; +5I; +T = 151, +T_T
L
— = = —mho
= Vil ~ 1750
Short circuiting port-1; i.e. V, =0, we get
I 10 Q " _4Q I
AV‘V‘V‘V
8,
50 EE Vs,
Applying KVL in both loops; we have
101, + 51, + 51, = 0
151, = -5I,
= I, = =3I, ...(1ii)
and V, = 4l, -8, + 5, +5I,
= V, =9I, -3,
= V, = 9(-3I,) -3 [Using equation (iii)]
= vV, = =30I;
L 1
e = Y,,= ——mho
Valy, o 2730
14. (b)
R v,
MWW J_ °

Applying KCL at node A, we get

VA —sinwt VA VA
R 12
joC  joC

=0
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15.

16.

v, l+ij+]wC _ sinwt _ 1£0
R 2 R R
Voo 2
A" 2+3RC-jo
Al y=Ya__ 1
50 " 2 2+3joRC
1
|A(w)| = 4 =025
1 1
4 [1+90%(RCY?
. 2
I, =
© J3 RC

(c)

rms value of the waveform,

e B

Since the line passing through origin is,

y = mx
y =
RMS =
(d)
The circuit in the steady state with switch ‘s” is closed
220 20
2V T ) .
2V
1Ay -
i(0" =i0)=1A
and VO =V0)=2V
Changing the circuit in s-domain
2Q 2Q
t o iy 1 1H= v
S
1V
2
v s Source transformation

...(i)

...(iii)
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1
=§XSL(S)=1X1=1V

KVL in the loop gives:

g+1 = (é+4+sjl(s)

S S

o) = S +2 1
€)= Ge27 “s+2
Taking inverse laplace, we get
i(t) =e?
17.  (d)
y - L. 1 +j(2m %50 X100 X 1070)
e = 50 jnx50x015) il
Yo, = 0.0224£27.01° O
= 44.64.-27.01° Q
eq 27.01°
100.£0° o v
I = =224,27.01° A

44.64 -27.01°
The input power factor = cos (27.01°) = 0.89 leading

18. (b)
When the switch is at position 1,
V07) =100 V
Voltage across capacitor at t > 0
Ve=V_-(V_ - Vet
Where, T=RC=5000x 1 x 10 =5 msec
V= (-50) - (-50 - 100)e-20%
Ve = (150 2% - 50) V
Applying KVL in the loop

50V
+
~ Vet Vg-50=0

V= Vg + 50 = 150 e20 _ 50 + 50
V, =150 20 v

Ve(0) =100V

19. (a)

AAAA
v
=

<

Vg — @

P = 20 kW and R; =50 Q

For first case,
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Power, P
or, 20 x 103
or, I,
and Vg

For second case

Power, P

I

and VTH
From equation (i) and (ii),
Vin

2R,

I,2% 50

20 A

20. Ry, + 1000

= 20 kW and R, =200 Q
P 20% 103

- J% =\ a0 10A

= 10 Ry, + 2000

we get

= 3000 V and R, = 100 Q

Thus, the maximum power transfer to the load

VZ;  (3000)

PL= YRy~ axi00 - 22O KW
20. (a)
Vi = Vi
By applying KCL,
Vi, =100 Vg,
+ =
20 ~i10 002V,
Where, V., =100 - Vg,
Vp, =100 Vg,
+ = _
20 ~i10 0.02(100 - V)
Vi = 007—+]01 =57.34,/-55°V

124
—- 7z \
> 0.02V, <2Th |
2002V, = -j10Q J? * =V
3 ]
+ 1
o- 1

\

Vv
Zmm =7
By apply KCL in the circuit gives,
1+,L—0.02Vx =1
20 -j10
and, V. =-
1+ 4 +0.02V =
20 —j1
Zoy, = LA !
mor Ll om
20 —j10
= (4.7 - j6.7)Q

.. (i)
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21. (a)
Given,
V, =4V, - 201, ...(i)
I,=01V,-2I, ...(ii)
We need to find the Thevenin impedance Z,;
At the input port, V, = -10[, .. (iii)

(For Thevenin impedance calculation voltage source is replaced by short circuit)
Put equation (iii) in equation (i),
-101, = 4V, - 201,

I, =-04V,+2I, .(iv)
Equating equation (ii) and (iv),
01V,-2I,=-04V,+2I,
05V, =4I,
Vs
Zy = E =8Q
22.  (b)
For t < (;
®sov "y,
\%
o) +Av‘v'€‘v =
© i
Ve (00) =-160 V
V,, =160V
V(0%) =210V
and VA07) = V(0%) =210V
23. (a)

Total impedance is
Z=27,+(Z,112)
(30 + jX) + (20 + 710)(10 - ]?O)
20+ 10+10- 730
500 - j500
30-;20
=30+;7X+19.23 -3.846 i
At resonance, the imaginary part is zero
X =3.846 Q =3.85Q

30+ ;X +
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24.

25.

26.

(a)

Transforming the dependent current source in to voltage source, the network is shown as,

2V,

Let I, be the current through 2 Q
Apply KVL in outer loop,
Vo2V + L -L,+V, =0
-V, +3V, +1,-1,=0 (1)
Also,
-Vi+ L+ L, -1,+2V,=0 ..(if)
Vi=L+1,-1,+2V,
From equation (i) and (ii), we get
5V, + 3l +4l,-41, =0

V.
Where, I, = ?2
4
V.
Hence, Zy = 1—2 =-1Q
111,=0

(c)

C,(1, 2) : This separates the node-a and direction of both branch is opposite to each other.
C,(2, 3, 5) : This separates node-C and direction of branch - 2 is opposite to branch - 3 and
branch - 5.

(a)
To determine A and C, we leave the output port open as in figure. So that I, = 0 and place a
voltage source V, at the input port.

I, 10 Q I, 31
—o— >
+
<
O 200 v,
)
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V, = (10 + 20)I, = 301,
V, =201, - 31, = 171,

Thus,
- 30 e
V, 171
C= I—1=I—1=0.05885
Vo, 171
To obtain B and D, we short circuit the output port so that,
31
I, 10 Q v,
—»—o—‘WW——<>—o—
12
Ci> v EE 20Q V,=0
But, V. =3Il
Vi-V
and 11 _ ( 110 u)
vV, =13l
Applying KCL at node a,
31
175 T
17
_I = -
201 Tk
V; -13I
Therefore, B=-—-1=—""1_-15290
I, 17
[ I].
20
20
= —=1176
D 17

A B 1.765 15.29
C D| |[0.0588 1.176

Zpy = (40 j30) | j20

27.  (b)

j20(40 — j30)

= 0+40- j30 (0412 +2235) Q

By voltage division,
j20

— = (150,30°
720+ 40 — j30 ( )

Vi =

=7276/134° V
The value of R; that will absorb he maximum average power is

o Copyright: MADE EASY www.madeeasy.in
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R, = |Zu| = {(0.412)* + (2235) =24.25Q
The current through the load is,

Ve, | 72.76/134°

1= 7. +R, 3366+ 2235

=1.82100.416°

The maximum average power absorbed by R, is

m:

1
Pow= 5l 1R = %(1.8)2(24.25)

=39.285 = 39.29 W

28. (b)
Using de-coupled technique,

10£0°V -L ~+ 10£90°V
S _

Applying KVL in loop-1,
10£0° = I,(5 + j5 - j10) + 1,(j2 - j10)
= G- )L, + () ()

Applying KVL in loop-2,

10£90° = I( 5 + j5 - j10) + I,(j2 - j10)

10£90° = I,( 5 - j5) + (- j8)I; ...(id)
Now adding equation (i) and (ii),

10 + 710 = I,(5 - j13) + I,(5 - j13)

10 + j10
L*+h="5"113
V=Xl + L)
= 10 2010 _ 1545, 040 v
5-]
29. (o)
I 0.1
D00
CN V=5sinwt =< 1F Be
S1Q

For V and I in phase imaginary part of Z(s), should be zero,
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0.1s
o [
Z(s) — =1/s Js
s1Q
[}
1><1 2
Z(s) = i +01s = 1+0.1i+10.1s
—+1 s
S

multiplying numerator and denominator by (s - 1)

(0.15% +0.1s + 1)(s - 1)

(s+1)(s-1)
B 0.1s° +0.1s* +5-0.1s* - 0.1s - 1
2 -1
Put s =jo
Zjo) 0.1(jo)’ +0.9(jw) -1 j(0.90 - 0.10%) 1
) = . =
f (jo)* -1 0?1
Equating imaginary part to zero,
09m-01w?>=0
=9
o = %3 rad/sec
Alternative Solution:
In frequency domain,
° 00
0.1 jo
Za ’—» =i E§ 1Q
[)] -<
o
7. = MEI/®) o4 jo
o 1-j/w
- —L_401jo =
j—o
1 + ) .
= —————+01jo =0
(j - w)(j + )
1-jo .
+01jo =
= 1+ 02 / 0
For V and I in phase, imaginary term = 0
-
+01w =
Thus, 1+ 02 0
= o =3rad/s
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30. (¢)
M = K\II, = 0536

=3H
The total energy stored in the system,

WI(t) = %Ll [y (B + %Lz [ (O] - M[ix (1ia (8)]
_ % x 4[5cos(50t - 30°) + % % 9[2cos(50¢ — 30°) |2
-3 [5 cos(50t - 30°) x 2 cos(50t - 30°)]
att=0,
W(t) = 285
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