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DE TAILED EXPL ANATIONS

1 .1 .1 .1 .1 . (a)(a)(a)(a)(a)
The average value of periodic signal can be calculated by considering one time period

=
0

Total area under the graph for one period
T

Total area under the graph for one period = Area 1 + Area 2 + Area 3 + Area 4
here Area 1 = Area 2 = Area 3 = Area 4 = 4
and T0 = 8 sec

Average value =
4 4 4 4 16

2
8 8

+ + +
= =

0 2 4 6

6

2

1 2 3

4

f t( )

t (sec)

2 .2 .2 .2 .2 . (b)(b)(b)(b)(b)
Before closing the switch, the circuit was not energized, therefore, current through inductor and voltage
across capacitor are zero.
After closing the switch, at t = 0+ inductor acts as open-circuit and capacitor acts as short-circuit.
Equivalent circuit at t = 0+

10 V +
– 4 Ω VL(0 )

+4 Ω

3 ΩI

+

–

I =
10

3 4 4+ 
 = 2 A

VL(0
+) = I × (4 4)

= 2 × 2 = 4 V

3 .3 .3 .3 .3 . (c)(c)(c)(c)(c)
using source transformation

+
–

+
–

+
–

5 Ω 2 Ω 3 Ω

50 V 20 V 10 V

V

i

applying KCL at V
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50 20 10
5 2 3

V V V− − −
+ + = 0

6 300 15 300 10 100
0

30
V V V− + − + −

=

31 V – 700 = 0

or V =
700

22.58 V
31

=

i =
50

5
V−

=
50 22.58

5.48 A
5

−
=

4 .4 .4 .4 .4 . (b)(b)(b)(b)(b)

⇒Req

10 Ω

1 Ω
5 Ω

4 Ω

x

y

(a)

+ 5 V –

1 Ω 10/3 Ω4 Ω

x

y

(b)

I

Req = 4 Ω + 1 Ω + (5 10)Ω

=
5 10

5
15
× Ω + Ω  

=
10 25

5
3 3

+ = Ω

Also from (b) I =
5

A
4

(in series circuit current remains same)

∴ Vxy =
5 25

10.417 V
4 3

× =

5 .5 .5 .5 .5 . (d)(d)(d)(d)(d)
Converting the network into s-domain

I2(s)I1(s)

RV s1( ) V s2( )1
Cs

V2(s) =
1

1

( )
1

 × 
 
 +  

I
R

Css
R

Cs

or 2

1

( )
( )

V s
sI

=
1

11
R

RCs s
RC

=
+  +  

∴ Z21(s) = 2

1

( ) 1 1
1( ) 1( 1)

V s
s ss

RC

= =
+ +  

I

Z21(s) =
1

( 1)s +
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6 .6 .6 .6 .6 . (c)(c)(c)(c)(c)
P = P0 + P1 + P2

=
2 2

2 5 3
4 20 20 20

2 2

   × + × + ×      
max

rms
2

 =  

I
I∵

= (16 + 12.5 + 4.5) × 20 = 660 W

7 .7 .7 .7 .7 . (b)(b)(b)(b)(b)

The resistance 6 3 and12 4Ω Ω Ω Ω  also 1 Ω is in series with 5 Ω, thus, the circuit can be redrawn as

10 Ω 1 Ω

2 Ω 3 Ω 6 Ω

Req

∴ Req = 10 2 (1 3 6 )Ω + Ω + Ω Ω

Req = 11.2 Ω

8 .8 .8 .8 .8 . (a)(a)(a)(a)(a)
ZL = jωL = jΩ

ZC =
1 1

20
(1) (0.05)

= = − Ω
ω

j
j C j

∴ Zeq = 2 ( 20) 1.98 0.802+ − = + Ωj j j
and ZL(5j) = 5jΩ

ZC(5j) = –j4 Ω

∴ Zeq( j5) = 5 2 ( 4) 1.6 4.2+ − = + Ωj j j

Now, I( jω) ∝
1
( )ωZ j

∴
( )
( 5)
I
I

o

o

j
j =

( 5) 1.6 4.2
2.104

( ) 1.98 0.802
+= =

+
Z j j
Z j j

9 .9 .9 .9 .9 . (a)(a)(a)(a)(a)

8 Ω

4 Ω

2I1

+

–

+

–

V2 = 0V1 2 ΩI1

Vx I2

I1 = 12
2 4

+ +x x I
V V

–I1 = 0.75Vx ...(i)

I2 = 12 1.5 1.25
4 4

− − = − + =x x
x x

V V
I V V
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Now, V1 = 8I1 +  V1

V1 = –6Vx + Vx = –5 Vx

∴
2

1

I
V =

1.25
0.25 S

5
− = −

10.10.10.10.10. (c)(c)(c)(c)(c)
Voltage across capacitor

vc(t) = Vfinal + (Vinitial – Vfinal)e
–t/RC

= 0 + (5 – 0)e–t/RC

But given, vc(t) = /5
5 −= t RCe

e
5
e

= (0.1/40 k )5 − Ω × Ce

0.1
40 kΩ × C = 1

∴ C = 2.5 µF (or) 2.5 × 10–6 F

11.11.11.11.11. (c)(c)(c)(c)(c)
At (t = 0–)

+–10 V 
L = 2 H

C = 0.5 F

R = 4 Ω

= +–10 V 

R = 4 Ωi

VC(0–) = 10 V
iL(0

–) = 0 A
At (t = 0+)

+–
20 V
s

sL = 2 s

4 Ω

Capacitor
equivalent

I( )s

1
sC

2
s=

+–

10
s

I(s) = 2 2

10 / 10 / 10
2 4 2 2 2( 2 1)4 2

s s

s s s ss
s s

= =
+ + + ++ +

I(s) =
2

5

( 1)s +
i(t) = 5te–t u(t) A
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12.12.12.12.12. (b)(b)(b)(b)(b)

C C

C C

2C

R R

R R

R

R

R

R

+

–

V

The time constant of an RC circuit is τ = ReqCeq

Calculation of Ceq

C C

C C
C/2

2C

C/2

=
3C2C

Calculation of Req

R R

R R

R

R
A B

R R

R R

2R 2R

2R 2R

R

RP Q

Half circuit

RR

It is Wheatstone bridge.

R
R

R

2R 2Rx y

4R

2R

x y

(Req)Half circuit =
4 2

6
R R

R
×

 = 
4
3
R

Req = eq Half circuit eq Half circuit( ) ( )R R

=
4 4 2
3 3 3
R R R     =          

∴ τ = ReqCe q

=
2

3 2
3
R

C RC× =
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13.13.13.13.13. (b)(b)(b)(b)(b)
Network ‘N ’ can be replaced as

+–
+
–

3 : 1

20 V V1

+

–

4 Ω I1 3 Ω

I18I2 1 Ω

I2

+
–

+–
+
–

+
–20 V

4 Ω I1 3 Ω

I18I2 Req

I2
+

–

V2(1) (2)

Req =
23

(1) 9
1

 × = Ω  
Applying KVL at loop (1)

20 = 4I1 + 8I2
also V2 = –9I2 = I1 + 3I2
⇒ I1 = –12 I2

20 = 4(–12 I2) + 8I2
20 = –40I2

⇒ I2 = –0.5 A
I1 = –12(–0.5) = 6 A

Now,

N

3 : 1

1 Ω

0.5 A I3
primary

secondary

I
I

=
1
3

⇒ 3Iprimary = Isecondary

3(–I2) = I3
⇒ I3 = 1.5 A

Power delivered to 1 Ω = (I3)
2 × RL = (1.5)2 × 1

= 2.25 Watts

14.14.14.14.14. (d)(d)(d)(d)(d)
The h-parameter

V1 = 2I1 + 4V2

I2 = –5I1 + 2V2

Power dissipated in RL

PL =
2
2 25 W
L

V
R

=

∴ V2 = 25 4 10 V× =
∵ V2 = –I2RL

∴ I2 = –2.5 A
substituting the values
we get V1 = 2I1 + 40

–2.5 = –5I1 + 20
∴ I1 = 4.5 A and V1 =
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49 V

∵ I1 = 1 4.5
2

sV V−
=

⇒ Vs = 58 V

15.15.15.15.15. (c)(c)(c)(c)(c)
R

V

L

I

C

For series RLC circuit,

Z = 2 2( )L CR X X+ −

The circuit current

I =
V
Z

∴ The drop across the capacitor C

VC = IXC = V
Z

XC

i.e. VC
2 =

2 2 2

2 2
2 2 1

( )

CV X V

Z
C R L

C

=
  ω + ω −   ω  

For maximum voltage drop

VC max = 0CdV
d

=
ω

=
2

2

1

2

R
LC L

−  rad/sec

16.16.16.16.16. (a)(a)(a)(a)(a)
Using KCL

100 =
dQ Q

R
dt C

+

100 C = dQ
RC Q

dt
+

0
100

Q

Q

dQ
C Q−∫ =

0

1 t
dt

RC ∫

( )
0

(100 ) Q
Qn C Q− −l =

t
RC

( )
( )0

100

100

C Q
n

C Q

−
−

l =
t

RC
−

100 C – Q = (100 C – Q0)e–t/RC

dQ
dt

=i = / /0100 50 10
1

t RC t RCC Q
e e

RC
− −− −   =      

i = 40 e–t /RC

at t = 2 sec i = 40 e–2 = 5.413 A
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17.17.17.17.17. (a)(a)(a)(a)(a)
ZZZZZTTTTThhhhh : : : : :

– 10j  Ω

j10 Ω

10 Ω

ZTh

ZTh = (10 10) ( 10) 10 10
10 10 10

j j j
j j

+ − = −
+ −

VVVVVTTTTThhhhh : : : : :

25 0°∠

– 10 j Ω 10 90°∠

j10 Ω

10 Ω VTh

+VTh

+

+

–

25
10 10 10

Th ThV V
j j

−
+

+ − = 10∠90°

25
10 10 10 10 10

Th ThV V
j j j

− −
+ + = 10j

(VTh)j10 – 250j – 10VTh – 10j VTh = –100(10 + 10j )
j10 VTh – 250j – 10VTh – 10j VTh = –1000(1 + j )

–10VTh = –1000 – 1000 j + 250 j
–10VTh = –1000 – 750 j

VTh = 100 + j75

ZL = 10 10ThZ j∗ = +

Pmax =
( )2

2 22 100 75
390.625 W

4Re{ } 4 10
Th

Th

V
Z

+
= =

×
18.18.18.18.18. (d)(d)(d)(d)(d)

100 Ω

400 Ω100 Ω

–2 ix

0.01 Vx

ix

+

–

Vx V

800 Ω

+

–
1 A

a

b

V = 100 (1 – 2ix) + 400 (1 – 2ix – 0.01 Vx) + 800 ix
ix = 1 A and Vx = V

5V = 1300 – 1000 = 300
∴ V = 60 V
and RTH = 60 Ω
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19.19.19.19.19. (b)(b)(b)(b)(b)
Given,

f0 = 5 kHz
Z = Zsource + Zload

= 2 + j4 + 10 – jXC
= [12 + j(4 – XC)] Ω

at resonance, imaginary part of Z is zero.
∵ XL = XC

∴ XC =
0

1
4

C
=

ω
or C = 7.95 µF
As at resonance current is maximum and thus, maximum power transferred to R.

20.20.20.20.20. (c)(c)(c)(c)(c)
Condition for Transient free response is given by

ωt0 =
1tan

2
L

R
− ω π  − θ +  

here, ω =
1

,
2

θ = 45°

0

2
t

= 1

1
2

2tan
4 21

−

 × π π  − + 
  

0

2
t

=
2
π

t0 = π = 3.1416 sec

21.21.21.21.21. (a)(a)(a)(a)(a)

1 F

2 Ω Vo

+

–

I( )s

1 Ω

1 H

I1

I1(s) =
2

( ) (1 ) ( ) ( 1)
1 3 12 1

s s s s s

s ss
s

+ +=
+ ++ + +

I I

Vo(s) = 2I1(s) = 2

( ) 2 ( 1)

3 1

s s s

s s

+
+ +

I

( )
( )

oV s
sI = 2

2 ( 1)

3 1

s s

s s

+
+ +
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22.22.22.22.22. (c)(c)(c)(c)(c)

+
–

I3

I1 I2+ +

V2 6 Ω

3 Ω

3 Ω

141 V I II

N

III
–

V1

–

1

2

V
V

 
 
 

= 1 1 1 2

2 2 1 2

22 1
41 4

V
V

= +  
⇒   = +   

I I I
I I I

Applying KVL
Loop I

3(I1 + I3) + V1 = 141
3I1 + 3I3 + 2I1 + I2 = 141

5I1 + I2 + 3I3 = 141 ...(i)
Loop II

V2 = (I3 – I2) ⋅ 6
V2 = I1 + 4I2

I1 + 4I2 = 6I3 – 6I2
I1 + 10 I2 – 6 I3 = 0 ...(ii)

Loop III
3(I1 + I3) + 3I3+ 6(I3 – I2) = 141

3I1 – 6I2 + 12I3 = 141 ...(iii)
By equation (i), (ii) and (iii)
I1 = 24 A I2 = 1.5 A I3 = 6.5 A

23.23.23.23.23. (b)(b)(b)(b)(b)
At t = 0– S1 is closed. S2 is open

3 V C1 C2

C1 gets charged upto 3 V charge stored in C1

Q0 = C1V = 1 × 3 = 3C
Voltage across C2 is zero at t = 0–, so no charge stored in C2.
At t > 0, S1 is open and S2 is closed.
charge stored (Q0) initially in C1 gets redistributed between C1 and C2

Q1 C1 C23 V V

Let Charge stored in C1 = Q1

Charge stored in C2 = Q2
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According to conservation of charge
Q1 + Q2 = Q0 = 3 ...(1)

Voltage across C1 = Voltage across C2

1 2

1 2

Q Q
C C

= ⇒ 1 2

1 2
Q Q

=

Q2 = 2Q1 ...(2)
from (1) and (2)

Q1 = 1 C
and Q2 = 2 C

∴ Voltage across the combination = 1

1

1
1V

1
Q
C

= =

24.24.24.24.24. (d)(d)(d)(d)(d)
Applying KCL on supernode

1 Ω

jΩ
– +

6 0°∠ 1 Ω

1 Ω2 0°∠

Io

–jΩ

V1 V2

1 2 22
1 1 1

− + +
+ −
V V V

j j = 0

and V1 + 6 = V2

∴
1

2

0.5 0.5 1.5 0.5

1 1

− +   
  −   

Vj j
V =

2

6
 
 − 

∴ V2 =

0.5 0.5 2

1 6

0.5 0.5 0.5 0.5

1 1

− 
 − 
− + 

 − 

j

j j j

V2 =
5.83095 149.036

2 180
∠

∠ °
V2 ≈ 2.915∠–30.96°

Thus, Io =
2 2.915 30.96

1
= ∠ − °

Ω
V

25.25.25.25.25. (b)(b)(b)(b)(b)

ZAB =
23

(3 4) (3 4)
6

   + + −    
j j

=
(3 4) (3 4)23 23 25 48

8
6 6 6 6

+ − ++ = = Ω = Ωj j

∴ ZAB = 8 Ω

26.26.26.26.26. (c)(c)(c)(c)(c)
At t = 0, switch is closed
For t > 0, the circuit in s-domain becomes,
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3 Ω s

2
s

i t( )

+
–

2
s

– +

5
s

+

–

2

Applying KVL, we get,

5 2
2− +

s s
=

2
3 ( ) + +  

Is s
s

I(s) =
2 3

( 1) ( 2)
+

+ +
s

s s

Using partial fractions, I(s) =
1 1

( 1) ( 2)
+

+ +s s

or i(t) = 1 2( ) ( ) A ; for  > 0− − −= +  I t tL s e e t

27.27.27.27.27. (d)(d)(d)(d)(d)
Given, f = 1.5 MHz

C = 150 pF
BW = 10 kHz

For series RLC circuit, Q =
6

3

1.5 10
150

BW 10 10

×= =
×

of

Q =
1

ωRC

1
150

= 6 122 1.5 10 150 10−π × × × × × R

R =
610

4.71
2 1.5 150 150

= Ω
π × × ×

28.28.28.28.28. (c)(c)(c)(c)(c)

For a capacitor i(t) = 6 3( ) ( )
10 10 10 A−= × ×cdv t dv t

dt dt

= 2 ( ) ( )
10 A = 10 mA− dv t dv t

dt dt

29.29.29.29.29. (d)(d)(d)(d)(d)

+

–

1 Ω

1 : a

V1

1 Ω

+

–

V2

I1 I2( )A I1′V1′

1 Ω

Now, applying KCL at node A, we get,
I1 = V1 + (V1 – V1′)

= 2V1 – V1′

I1 = 1 2
1

2 −V V
a

For I2, we can write

I2 = 1 1 1 1
1 1

( ) − = − − + −  
′ ′ ′I V V V

a a
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= 1 22
1 2− +V V
a a

∴
1

2

 
 
 

I
I =

1

2
2

1
2

1 2

 −   
   
   −  

Va
V

a a
For the Z-parameter to not exist.

Y = 0

∴ Y = 2 2 2
4 1 3− =
a a a

∵ Y ≠ 0
Thus, no such value exist for which Y = 0.

30.30.30.30.30. (a)(a)(a)(a)(a)

IR L1

45°
30°

IR C2
From phasor, we can write

tan30° =
2

CX
R

⇒ R2 =
3

3 =
ωCX

C

tan45° =
1

LX
R

⇒ R1 = XL = ωL

R1R2 =
3

3× ω =
ω

L
L

C C

R1R2 = 3 1.732=
we know

1 2

2
+R R

≥ 1 2R R

as arithmetic mean ≥ geometric mean ; (for non-negative real numbers)

R1 + R2 ≥  2 3

R1 + R2 ≥ ( )1/42 3

Minimum value of R1 + R2 = 2.63 Ω


