
1Alternating Current

Topic 1
1.	 (a)	 :	The peak value of a.c. supply is given 300 V.

E0 = 300 V
So, rms value of voltage

Ev = 
E0
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(b)	 Here Iv = 10 A

Thus, peak current I0 = Iv 2  = 10 2  A = 14.1 A
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3.	 L = 44 mH
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Topic 2
1.	 (a) Condition for resonance is when applied frequency 
matches with natural frequency.
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(b)	 At resonance, impedance Z = R
	 as XL = XC

	 So, Z = 40 W

	 rms current, Iv = 
E
R
v = 230

40
= 5.75 A

	 Amplitude of current,  I0 = Iv 2  = 8.13 A

(c)	 Potential drop across ‘L’

	 VL =  Iv XL = 5.75 × (ωL)

	 VL = 5.75 × 50 × 5 = 1437.5 V

	 Potential drop across ‘C’

	 VC = Iv × XC = 5.75 × 
1

ωC
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	 = 1437.5 V

	 Potential drop across R

	 VR = Iv R = 5.75 × 40 =  230 V

	 As  VL – VC = 0, So Ev = VR = 230 V.

2.	 XL

240 V, 50 Hz

R

Inductive reactance

XL = 2πf L = 2π × 50 × 0.5 = 157 Ω

Impedance  Z = R XL
2 2+  = ( ) ( )100 1572 2+  

		                             = 186.14 Ω
(a)	 Virtual current in the coil

	 Iv = 
E
Z
v  = 

240
186 14.

 = 1.29 A

	 Maximum current, I0 = Iv 2  = 1.82 A

(b)	 V L

V RI v

φ

E v

	 Phase lag, tan φ = 
X
R
L  = 1.57

	 φ = tan–1(1.57) = 57.5°  or  φ = 0.32 π radian

	 Time lag, t = φ/ω = 3.2 ms
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3.	

110 V, 60 Hz

R = 40Ω100 Fµ

	 Capacitive reactance, X
fCC = 1

2π

	
XC =
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	 Impedance, Z = R XC
2 2+  = ( ) + ( ) =40 26 54 482 2. Ω

(a)	 Virtual current in the circuit

	 Iv = 
E
Z
v  = 

110
48

 = 2.29 A

	 Maximum current I0 = Iv 2  = 3.24 A

(b)	
Iv
φ

VC

VC

VR

Ev

	 tan φ = 
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ωCR
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	 φ = 33.56° = 0.186π radian

	 Time lag t = f/w = 
0 18

2 60
. π

π( )  = 1.5 ms

4.	

C = 80 µF

R = 40 Ω

Ev = 230 V

Iv

IL
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IC

L = 5 H

Resonating angular frequency 

	 ω = 
1

LC
 = 

1

5 80 10 6× × −
 = 50  rad s–1

∴  Resonance of L and C in parallel can be calculated
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Impedance of R and X in parallel is given by 
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At resonating frequency of series LCR, XL = XC

So, 
1 1 1

0
X X XL C

= − =

Thus,  impedances Z = R and will  be maximum. Hence, in parallel 
resonant circuit, current is minimum at resonant frequency.
Current through circuit elements 

IR = 
E
R
v  = 
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 = 5.75 A,   IC = 
E
X
v
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IC = 
E
X
v

L
 = 

230
1( / )ωC

    = 230 × 50 × 80 × 10–6 = 0.92 A
Since, IL and IC are opposite in phase, so net current,
	 Iv = IR + IL + IC
	 Iv = 5.75 + 0.92 2 sin(ωt – π/2) + 0.92 2 		
	 sin(ωt + π/2)

	 Iv = 5.75 – 0.92 2 cos ωt + 0.92 2  cosωt
	 Iv = 5.75 A

Topic 3
1.	 (a)	 Here virtual a.c. voltage is 220 V at a frequency of 50 Hz.
So, rms value of current

I
E
RV
v= = =220

100
2 2. A

(b)	 Power in complete cycle 
	 P = EvIvcosφ = EvIvcos 0°
	 P = 2.2 × 220 = 484 W

2.	 Power in the complete cycle P = EvIv cos (– π/2) = 0.

3.	 X C
X L

Ev = 200 V

Iv

R

Average power transferred to the circuit in one complete cycle  at 
resonance 
	 P = EvIv cos φ

	 P = Ev

E
Z
v cos φ

	 At resonance Z = R, cos φ = cos 0° = 1

	 P = 200 × 
200
20

 = 2000 W

4.	 L = 80 mH 60 mF

230 V, 50 Hz

R
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(a)	 Inductive reactance, XL = 2πfL

	 XL = 2π(50) 80 × 10–3 = 25.12 Ω

Capacitive reactance, X
fCC = 1

2π

	
XC =
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Impedance = XC – XL =  53.05 – 25.12  = 27.93 Ω

rms value of current, Iv = 
E
Z
v  = 

230
27 93.

= 8.235 A

Peak value I0 = Iv 2  = 11.644 A
(b)	 Potential drop across L, VL = Iv XL = 206.68 V
Potential drop across C, VC = Iv XC = 436.87 V
(c)	 Average power transferred to inductor is zero, because of 
phase difference π/2.
	 P = EvIv cosφ
	 φ = π/2,     ∴   P = 0
(d)	 Average power transferred to capacitor is also zero, because 
of phase difference π/2.
	 P = EvIv cosφ
	 φ = π/2,     ∴  P = 0
(c)	 Total power absorbed by the circuit
	 PTotal = PL + PC = 0
5.	 If the circuit has a resistance of 15 Ω, now it is LCR series 
resonant circuit.

L = 80 mH

C = 60 Fµ

R = 15 Ω

230 V, 50 Hz

Now the impedance, 

	 Z R X XL C= + −( )2 2

	 Z = + ( ) =15 27 93 31 72 2. . Ω

Virtual current, Iv = 
E
Z
v  = 

230
31 7.

 = 7.26 A

Average power transferred to ‘L’,

	 PL = Iv Ev cos π/2 = 0
Average power transferred to ‘C’,
	 PC = EvIv cos π/2 = 0
Average power transferred to ‘R’,
	 PR = VRIv cos 0°

	 PR = (IvR) Iv = Iv
2 R = (7.26)2 × 15 = 791 W

6.	

440 V 
Power 
plant

Step up
transformer

15 km

15 km
40,000 V RL

220 V

Step down
transformer

800 kW

Virtual a.c. in the time
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(a)	 Line power loss, Ploss = lv
2R = (20)2 × 15 

		                                    = 6 kW
(b)	 Power supplied by the plant 
	 PTotal = PLoss + Poutput = 6 kW + 800 kW 
		                            = 806 kW
(c)	 Voltage drop in the line,  
	 V = IvR = 20 × 15 = 300 V.
Voltage output of step-up transformer at power station 
= 40,000 + 300 = 40,300 V
So, the step up transformer at the power plant is  
220 V - 40,300 V.
Power loss in earlier arrangement,

	
P1

3
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Power loss in this arrangement, 
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So, by supply of electricity at higher voltage, 40,000 V instead by 
4000 V the power loss is reduced greatly that is why the electric 
power is always  transmitted at very high voltage.
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