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DETAILED EXPLANATIONS

2.

(c)

The ideal independent current source is a two terminal element which supplies its specified current
to the circuit in which it is placed independently of the value and direction of the voltage appearing
across its terminals.

Vyf---mmmmmmmemm
Vpommm oo
0 Is current, i
(a)
When switch s is closed, the equivalent resistance
Ry xR3 | o
e«q = | Ry + Ry | less than R, or R, individually
I Vi I V2 |
Req R,
I v |
V=1IR

for constant current, V « R.
So incase of R, , the resistance is decreased so voltage V; is decreased so obviously V, is increased.

(b)

(—j40) (80 + j100)
80+ /60

Across the load Z;, Z; = =128 - j49.6 Q
For maximum average power transfer

Zy = Zmy¥

Z, =128 +j49.6 W

(a)

The given figure with current direction is shown below.

50  j10Q

wzov@ ") g0
+Vax — I
A 50 X

We can notice that no current will flow through the inductor jX;.
Thus, Viy =0V
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Now, using KVL, from mesh-1, we have:

I = 2043?0 =1.4142-15°A
1 10+ ;10
Using KVL, from mesh-2
504 - 45°
= ————=7.07£0°A
and 12 = 5_]5
Thus, Vaix = 1, (5) = (1.414 £-15°) x 5
Vux = 707 £-15°V
and Vyg = -L,(5) = =(7.07 £0°) 5
= -35.35 £0°V
Hence, Vg = Vaxt Viy t Vyp =V, - V5

= 7.07 £-15° + 0 - 35.35 £0°
Vg = -28.52-71.83 = 28.579/-176.3° V = 28.6 £183.7° V

5. (b)
Since the network is passive, current I is due to the two sources V, and V,.
By principle of superposition,
I = KV, +K,V,

1 = 4K +0
K, = 0.25
and -1 = 0+5K,
-1
K2 = ?2_0.2
Given, vV, =10V
and V, =5V

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

6. (b)
From given figure, we have:
I = ﬂ = 400 =4A
A 100Q 100
Therefore, P, = 4>x100
P, = 1600 W
For star connected resistors,
_ 2
p, = 3Ith
Vy i
— p
Now, Ith = T
_400/+3
Ith - R
Given, p, =P,
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2
400 //3
or, 1600 = (—Ié J X3%X R
or, R = 100 Q
(d)

For calculation of Ry, the circuit can be redrawn as

O
200 E§ 5V
9 I A I A
0 0
+ +
902 <>5Vx [ 9Q§E <>5vx v,
o o
B B
Figure-1 Figure-2
Using KCL in figure-2, we get,
V.
?"+5Vx =]
46V, =9I
or Ve = . 0.195 Q = 195.65 mQ
I 46

(c)
At ® — oo, Capacitor — short circuited
Circuit looks like,

At w — 0, Capacitor — open circuited
Circuit looks like

R
¢ W :
v, R v,
o o

So frequency response of the circuit will be,
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So the circuit is Band pass filter

9. (c)
Current is lagging voltage by 53.13°,
ie. ¢ = 53.13°
.. the elements will be R and L
e < 9L
an ¢ R
5000L
tan (53.13°) = 1.33 = R ...(i)
[Since w = 5000 rad/sec]
Vo 17=2 - R+ oLy
I 10
5 = R*+(oL)?
25 = R2+ (5000L)? ...(ii)
From equation (i),
Rx1.33 o o
L = 5000 substituting in equation (ii),
25 = R?+ (R 1.33)%
R =3Q
Substituting in equation (ii), we get
_ 3x1.33 0.8 mH
- 5000 o™
10. (d)
From the first circuit
\% —i{l+i§é}—3‘ i
0 - 1 3+6 - 11 (1)
From the second circuit,
Power across 10 Q = 90 W.
i2x10 = 90
i, = J9 =3A
LV 25 50
VAVAVAV VAVAVA AVAVAVAV
1Q Loy, I

> >
2 15Q 2 10Q
> >

=
O
AAAA
\AAAJ
(O8]
Q
AAAA
\AAJ
(o)}
Q
1 +
— -
(o)}
=~
AAAA

AAAA

o
<
I
2
LS
I
N
X
w
I
[@))
>

Hence 6V,

1l
(@)
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V=1V
From the figure, V. o=ix1=1q
So, LB =1A
From equation (i), Vo =3i;,=3x1=3V
11. (a)
For parallel connected 2 ports.
[Y] = [Vy] + [Y}]
4 2
il = |1 1
I 1Q I
1 2
v, v,
1 2
L = -I,
Vi=05L+V,
or L, =V -V, ...(3)
and I, =V,-V, ...(ii)
1 1
or, we can write [Y,] = 1 1
(4 2] [1 -1 51
Now Y1 =11 171 1]7]0 2
12.  (d)
The initial conditions on the inductors, since no voltage is applied to either inductor for t < 0.
io(f) t=1s
== o
i1(t)1 1iz(t)
V(t) (D §L1=1H §L2=1H
= i7(0) = i)(0) =0
Further, no voltage appears across the second inductor until ¢ > 1. Hence 7,(1) = 0.
= it)for0<t<1; igt)
) 1 t
i = b= [RAGED) | o
, V() CD % L=1H
= [cos(t)d(t)
0
www.madeeasy.in © Copyright: MADE EASY
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i(t) =i(t) = sin(t) A (fort<1)
At t =1, the switch is closed. The two inductors are then in parallel as shown below and the
source voltage appears across each.
= i(t) and i,(t) for t > 1;

ist)

i1(t)J

|
O v gin gin

it = i (1)+ Jlt cos(t)dt = sin(1) + sin(t) — sin(1) = sin(t) A
ip(f) = ia(1)+ [ cos(t)dt =sin(t) - sin(1) A
for KCL, the input current i (t) = i, (f) + i,(t) = 2sin (t) - sin(1) A (for t = 1)

13. (o)
Drawing equivalent in s-domain
1, 1/Cs

R I
+ ———»—{ +
o L]
sL, ” sL,
Vv, v,
sMI, sMI,

Applying KVL
in loop 1
1
‘/1 = E'I‘SLl Il +SMI2
in loop II

V, = sMI + (R +sL,)l,
comparing with standard equations

L L
11 - E'H 1 Zy =M
Zy = sM Z,, = R+3sL,
14. (a)
The voltage difference across capacitor is
VoV vy = 30><10_30><2
d— TaT TbT 30 20
=10-3
=7V

1 1 -
energy stored in capacitor ~CVj = E><1><10 %72

2
24.5 uJ
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15.  (d)

For current to be in phase with applied voltage imaginary part of impedance should be zero.
Redrawing the circuit

X, X

=X,

Py
AAA
vV
11
\|_II
P
Py
—AWW—
Il

o —jR-X¢ o jR-X¢ .
R+jXp +——_— R+jX; -5 R+jX
(R+jXL)+(R||—jXC)_( J2L R—jXC]_( JoL R2+Xé( jXc)

eq 2 2 - 2

equating imaginary part to zero

R%X,
Xy = 2 Cz
R+ X¢é

2

R2X. = X -(R*+X¢)

R*X¢

= X = R2x2

16. (b)
Redrawing the circuit

<000 —000
j10 j10
V1(t)<~) q v, ::—j19q
. 1 .
il =jli=h) = V()
gl = Vi)
4
= I, = j5:240° = 1.6 2-90°A

. 1 .
il +]le —-j(la=1Ly)

Il
o
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= 1 1 = 0

V, = voltage across capacitor = voltage across inductor L,
= [,xjl=jx162£-90°

1.6 £0° = 1.6 cost V

17.  (b)
att=0"
v = IXR,
'@
RZEE Cg ve(t)
att=0"%
v-(07) = v(0") = IR,
R E§ Eé R, — IR,
Req
V() = 0

(.- capacitor will discharge fully)

R R

R, = i e’
7 Ry +R,
_t
v(t) = [0c(0)~vc ()] © +vc ()
—t(R1 +Rp)
v(t) = IRy-e RiRC yolts
18. (b)
Redrawing the circuit
20
+
V,(s) 02Vy(s)<,,. 1 > 101,(s) |:z] Viy(s)

15sx1 155
Z=155|1=75..7 = 15s+1

Applying KVL in loop /
Vi(s) = 2I,(s) = 0.2 V(s) ...(i)
1.5s
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—15sI4(s) B
Vz(s) = 15s+1 ...(ll)
From equations (i) and (i)

Ii(s) 15s+1
Input admittance = Vi(s) = 65+2

19. (0
. B, R,
+ VYVY I.
[1 Ra 2 *
12 ;D Rc %E Q v,
o )
Applying KVL
in loop 1

B+ (R, + R)I + R1, =V,
Vl = (Ra + Rc)ll + (B + RC)IZ
Comparing this with standard equation
Vi=2Zph+ 2yl

= Z,=B+R,
20. (b)
When the switch is at position 1,
V(0") = 100V

Voltage across capacitor at t > 0
= V_-(V_ - Vet

c
Where, T = RC=5000 x 1 x 10 =5 msec
Ve = (-50) - (-50 - 100)e-200¢
Ve = (150 e2% - 50) V
Applying KVL in the loop

50V =
+

|

Ve (0) =100 V

~ Vet Vy=50 = 0

Vg = V-+50
= 150 200t _ 50 + 50
Vi = 150 200t/
21. (d)
The circuit that exists for £ < 0 is,
AAAA
yvvy
0
< + +
4A<D S20Q T5uF =80V T 5uF =V,

www.madeeasy.in © Copyright: MADE EASY
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\%

vV (07)

Time constant, T

After t =0, V.(t)

Vi(®)

The half of initial voltage,
80

2

40

0.5
Time, ¢t

22.  (a)

Vab
By applying KCL,
Vr, —100 N Vi,
20 -j10
Where, V.
Vr, — 100 N Vi
20 -j10

VTh

Th

IR=4x20=80V

V(0) =80V
RC=20x5x10°=10"s
V. -V -Vy)e'
0-(0-80)et/"

80 e—104t

40V

v
od
o100

69.3 us

VTh

0.02 V,

100 - Vi,

0.02(100 - V)

7
= m =57.34/-55°V

By apply KCL in the circuit gives,

%4 1%

—+——-0.02V,
20 -j10
and, V.
v + L +0.02V
20 -j10
Zn

0-------3
%
P , 0.02V, < ZTh
2003V, =102 x
+3
°. _______
_Vv
I
=]
= .y
=]
_V_ 1
L B
20" /10
- @7 - j67)Q
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23. (b)

AAIEA VA
\AAAJ
oL
sin(cot)CD c= }o
C
T
Applying KCL at node A, we get
V4 —sinwt =0 ...(1)
R L
joC  joC
v, F”mc LJOC]  sinot _1£0°
R R R
2 y
= 213RC-jo (i)
Va__ 1
Also =5 = 2+ 3joRC ...(iii)
-1l 0.25
=7 =0
B 1
J4+ 902 (RC)?
2
or, = J3RC
24, (a)
Redrawing the circuit in s-domain
R+ L1
sC
| S|
Y 1
V(s) CND 1(s) [R I f) Vo(s)
1
_ (R+i)1(s)+—scl(s)
sC R+ L
sC
_ LSRR gy
sC 1+sCR '
(1)
=V, cos(t/RC)
So h - L
o here, = RC
(1+ joCR) R
= I(s)+ I
Now, o Ot T jecr)
, oL
ut, = RC
www.madeeasy.in © Copyright: MADE EASY
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(S A
J 1+]

3R

So, V(s)
Vi(s)

I(s)
I(s)
Now, V(s)
= Vy(s)
= Vy(s)
= Vy(s)
= Vi(s)

In time domain,
0,(t)
= v,(t)
25. (a)

T (1+))

%%?x(1+ﬁ

(RH?%)H@
1

M iy

R+—
sC

R

RLONEY)

= 1+sCR 3R

~ 1+ 3R

Vils)
3

=10

7 {e)
——cos| —
3 RC

L 10Q

R G

Vi E: 5Q V,
L I J’

L=Y,Vi+Y,V,

Short-circuiting port-2 i.e. V, = 0, we get

+O_”” 2
8L
1% s ]
£ SQ::

Applying KVL in both loops, we get

Vi
and  4[, + 5I, + 51, - 8],
= 9I2
= I, =

101, + 51, + 51,
0

31,

L
3

From equations (i) and (ii); we get

o Copyright: MADE EASY
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Vl = 1011 +5[1 +ﬂ
151,430 %00
3 3
I b
37 = = — mho
= Vi Vy=0 Yy 50
Short circuiting port-1; i.e. V, =0, we get
I 10 Q " 4Q I,
AVAVAV‘V
8
50 EE ‘I
Applying KVL in both loops; we have
101, + 51, + 51, = 0
151, = -5I,
= I, = =3I ..(iii)
and V, = 4I, - 81, + 51, + 5I,
= V, =9I, -3,
= V, = 9(-3L) -3,
[Using equation (iii)]
= vV, = -30I;
L 1
a _ I SN
V, Vi =0 12 30 mho
26. (b)
The current lags the voltage by 50° - 5° = 45°
[ s L
@ oC
oL - %
45° = 1= @
tan R
V. 2
and o \/RH(wL—i) =VR? + R?
Im oC
100
0 - V2R
or R =707 Q
1
= oL-——
R oC
1
— = 314 x40 x 103 - 7.07
oC
1
— = 1256 - 7.07 = 5.49
oC
C = ;~580 F
ot T Blaxs49 o h

www.madeeasy.in
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27, (d)
R(=jXc) _ R(=jXc) R+ jXc
R-jX- R-jXo R+jXc

N
Il

L = Rf(=iXc) =

RXZ . R*Xc
T RAx2 R4 x2
For maximum power transfer Z, = Z*
Z, = 100 +;200

Z, = 100 - j200 ...(ii)
On comparing equation (i) and (ii), we get,
2 R*X

% =100 and —5—=5 =200

R* + X2 R* +X¢
on solving, we get, X = 250 Q

1
= ——=8UuF
c 500X :

and R =500 Q

28. (b)
Following switching, the differential equation representing the circuit is,

Ri(t)+%fi(t)dt = V=10

Taking Laplace transform, we get,

I(s) Qo 10
I(s) + + = — " Q, =-250 uC
Ot 1065 T ax10%s T s Q K
Therefore,
1)+ —& 20 _ 10
2x107%s 2s S
I(s) 135
I(s)+——2 - ==
) 2x107%s s
e = 135
o ®) = er5x10%)

Taking inverse Laplace transform, we get,
i(f) = (135¢73 %10t A

© Copyright: MADE EASY www.madeeasy.in
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29.  (¢)
Let us first calculate z,; and z,, by open circuiting the output port,
L 10 1Q |,
+ +
14 I, 210 v,
<>
_ I, =0
.. The circuit can be redrawn as
I 1Q 1Q
+o——MWWN—FWW\—~o0+
vV, = 2L 0A
and vV, =1 v, EE 10 v,
Vi T
z = —= 2 Q
11 I o o
Va
= —==1Q
and T

Similarly z,, and z,;, can be obtained by open circuiting the input port as,

=0  1Q 1Q g,
+o AW AW o+
. L
vy <f I 2121 §: 1Q v,
V, = I,+2I,=3I,
and V, = I,+2I,=3I,
z = ﬁ = 3 Q
2 I,
and Z, = n =3Q
I
) 2Q 3Q
z-parameter matrix = 19 30
30. (b)
For an RLC circuit,
1 /1 .
fo = 2\ ..(1)
1 R
and f, - fi = Bandwidth (BW) = 2_an ...(ii)
from equation (i) and (ii)
1 R
BW 2L
— = ————=21RC
1 1
fo EEIRV
4n? LC
BW 7.2x10°

or C = =3.978 pF

21X RX f& T 2xmx45x8x10° x8x10°
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