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Question 6.1: 

Predict the direction of induced current in the situations described by the following Figs. 

6.18(a) to (f ). 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 
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(f) 

 

Answer 

The direction of the induced current in a closed loop is given by Lenz’s law. The given 

pairs of figures show the direction of the induced current when the North pole of a bar 

magnet is moved towards and away from a closed loop respectively. 

 

Using Lenz’s rule, the direction of the induced current in the given situations can be 

predicted as follows: 

(a) The direction of the induced current is along qrpq.  

(b) The direction of the induced current is along prqp. 

(c) The direction of the induced current is along yzxy. 

(d) The direction of the induced current is along zyxz. 

(e) The direction of the induced current is along xryx. 

(f) No current is induced since the field lines are lying in the plane of the closed loop. 

 

Question 6.2: 

A 1.0 m long metallic rod is rotated with an angular frequency of 400 rad s−1 about an 

axis normal to the rod passing through its one end. The other end of the rod is in contact 

with a circular metallic ring. A constant and uniform magnetic field of 0.5 T parallel to 

the axis exists everywhere. Calculate the emf developed between the centre and the 

ring. 

Answer 

Length of the rod, l = 1 m 
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Angular frequency,ω = 400 rad/s 

Magnetic field strength, B = 0.5 T 

One end of the rod has zero linear velocity, while the other end has a linear velocity of 

lω. 

Average linear velocity of the rod,  

Emf developed between the centre and the ring,  

 

Hence, the emf developed between the centre and the ring is 100 V. 

 

Question 6.3: 

A long solenoid with 15 turns per cm has a small loop of area 2.0 cm2 placed inside the 

solenoid normal to its axis. If the current carried by the solenoid changes steadily from 

2.0 A to 4.0 A in 0.1 s, what is the induced emf in the loop while the current is 

changing? 

Answer 

Number of turns on the solenoid = 15 turns/cm = 1500 turns/m 

Number of turns per unit length, n = 1500 turns 

The solenoid has a small loop of area, A = 2.0 cm2 = 2 × 10−4 m2 

Current carried by the solenoid changes from 2 A to 4 A. 

Change in current in the solenoid, di = 4 − 2 = 2 A 

Change in time, dt = 0.1 s 

Induced emf in the solenoid is given by Faraday’s law as: 

 

Where,  

= Induced flux through the small loop  

= BA ... (ii) 

B = Magnetic field 
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=  

µ0 = Permeability of free space 

= 4π×10−7 H/m 

Hence, equation (i) reduces to: 

 

Hence, the induced voltage in the loop is  

 

Question 6.4: 

A rectangular wire loop of sides 8 cm and 2 cm with a small cut is moving out of a region 

of uniform magnetic field of magnitude 0.3 T directed normal to the loop. What is the 

emf developed across the cut if the velocity of the loop is 1 cm s−1 in a direction normal 

to the (a) longer side, (b) shorter side of the loop? For how long does the induced 

voltage last in each case? 

Answer 

Length of the rectangular wire, l = 8 cm = 0.08 m 

Width of the rectangular wire, b = 2 cm = 0.02 m 

Hence, area of the rectangular loop,  

A = lb  

= 0.08 × 0.02 

= 16 × 10−4 m2 

Magnetic field strength, B = 0.3 T 

Velocity of the loop, v = 1 cm/s = 0.01 m/s 

(a) Emf developed in the loop is given as:  

e = Blv 

= 0.3 × 0.08 × 0.01 = 2.4 × 10−4 V 
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Hence, the induced voltage is 2.4 × 10−4 V which lasts for 2 s. 

(b) Emf developed, e = Bbv 

= 0.3 × 0.02 × 0.01 = 0.6 × 10−4 V 

 

Hence, the induced voltage is 0.6 × 10−4 V which lasts for 8 s. 

 

Question 6.6: 

A circular coil of radius 8.0 cm and 20 turns is rotated about its vertical diameter with an 

angular speed of 50 rad s−1 in a uniform horizontal magnetic field of magnitude 3.0×10−2 

T. Obtain the maximum and average emf induced in the coil. If the coil forms a closed 

loop of resistance 10Ω, calculate the maximum value of current in the coil. Calculate the 

average power loss due to Joule heating. Where does this power come from? 

Answer 

Max induced emf = 0.603 V  

Average induced emf = 0 V 

Max current in the coil = 0.0603 A 

Average power loss = 0.018 W 

(Power comes from the external rotor)  

Radius of the circular coil, r = 8 cm = 0.08 m 

Area of the coil, A = πr2 = π × (0.08)2 m2 

Number of turns on the coil, N = 20 

Angular speed, ω = 50 rad/s 

Magnetic field strength, B = 3 × 10−2 T 

Resistance of the loop, R = 10 Ω 

Maximum induced emf is given as:  

e = Nω AB  



 
Class XII                  Chapter 6– Electromagnetic Induction                            Physics 

 

 

Page 6 of 19 

 

Website: www.vidhyarjan.com             Email: contact@vidhyarjan.com Mobile: 9999 249717 
 

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051 

 (One Km from ‘Welcome’ Metro Station) 

= 20 × 50 × π × (0.08)2 × 3 × 10−2 

= 0.603 V 

The maximum emf induced in the coil is 0.603 V. 

Over a full cycle, the average emf induced in the coil is zero. 

Maximum current is given as:  

 

Average power loss due to joule heating:  

 

The current induced in the coil produces a torque opposing the rotation of the coil. The 

rotor is an external agent. It must supply a torque to counter this torque in order to 

keep the coil rotating uniformly. Hence, dissipated power comes from the external rotor. 

 

Question 6.7: 

A horizontal straight wire 10 m long extending from east to west is falling with a speed 

of 5.0 m s−1, at right angles to the horizontal component of the earth’s magnetic field, 

0.30 × 10−4 Wb m−2.  

(a) What is the instantaneous value of the emf induced in the wire? 

(b) What is the direction of the emf? 

(c) Which end of the wire is at the higher electrical potential? 

Answer 

Length of the wire, l = 10 m 

Falling speed of the wire, v = 5.0 m/s 

Magnetic field strength, B = 0.3 × 10−4 Wb m−2 

(a) Emf induced in the wire,  

e = Blv 
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(b) Using Fleming’s right hand rule, it can be inferred that the direction of the induced 

emf is from West to East. 

(c) The eastern end of the wire is at a higher potential. 

 

Question 6.8: 

Current in a circuit falls from 5.0 A to 0.0 A in 0.1 s. If an average emf of 200 V induced, 

give an estimate of the self-inductance of the circuit. 

Answer 

Initial current, I1 = 5.0 A 

Final current, I2 = 0.0 A 

Change in current,  

Time taken for the change, t = 0.1 s 

Average emf, e = 200 V 

For self-inductance (L) of the coil, we have the relation for average emf as: 

e = L  

 

Hence, the self induction of the coil is 4 H. 

 

Question 6.9: 

A pair of adjacent coils has a mutual inductance of 1.5 H. If the current in one coil 

changes from 0 to 20 A in 0.5 s, what is the change of flux linkage with the other coil? 

Answer 

Mutual inductance of a pair of coils, µ = 1.5 H 

Initial current, I1 = 0 A 
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Final current I2 = 20 A 

Change in current,  

Time taken for the change, t = 0.5 s 

Induced emf,  

Where is the change in the flux linkage with the coil.  

Emf is related with mutual inductance as: 

 

Equating equations (1) and (2), we get 

 

Hence, the change in the flux linkage is 30 Wb. 

 

Question 6.10: 

A jet plane is travelling towards west at a speed of 1800 km/h. What is the voltage 

difference developed between the ends of the wing having a span of 25 m, if the Earth’s 

magnetic field at the location has a magnitude of 5 × 10−4 T and the dip angle is 30°. 

Answer 

Speed of the jet plane, v = 1800 km/h = 500 m/s 

Wing spanof jet plane, l = 25 m 

Earth’s magnetic field strength, B = 5.0 × 10−4 T 

Angle of dip,  

Vertical component of Earth’s magnetic field,  

BV = B sin  

= 5 × 10−4 sin 30° 

= 2.5 × 10−4 T  

Voltage difference between the ends of the wing can be calculated as: 

e = (BV) × l × v 
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= 2.5 × 10−4 × 25 × 500 

= 3.125 V 

Hence, the voltage difference developed between the ends of the wings is  

3.125 V. 

 

Question 6.11: 

Suppose the loop in Exercise 6.4 is stationary but the current feeding the electromagnet 

that produces the magnetic field is gradually reduced so that the field decreases from its 

initial value of 0.3 T at the rate of 0.02 T s−1. If the cut is joined and the loop has a 

resistance of 1.6 Ω how much power is dissipated by the loop as heat? What is the 

source of this power? 

Answer 

Sides of the rectangular loop are 8 cm and 2 cm.  

Hence, area of the rectangular wire loop,  

A = length × width  

= 8 × 2 = 16 cm2 

= 16 × 10−4 m2 

Initial value of the magnetic field,  

Rate of decrease of the magnetic field,  

Emf developed in the loop is given as:  

 

Where,  

= Change in flux through the loop area 

= AB 

 

Resistance of the loop, R = 1.6 Ω 

The current induced in the loop is given as:  
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Power dissipated in the loop in the form of heat is given as:  

 

The source of this heat loss is an external agent, which is responsible for changing the 

magnetic field with time. 

 

Question 6.12: 

A square loop of side 12 cm with its sides parallel to X and Y axes is moved with a 

velocity of 8 cm s−1 in the positive x-direction in an environment containing a magnetic 

field in the positive z-direction. The field is neither uniform in space nor constant in time. 

It has a gradient of 10−3 T cm−1 along the negative x-direction (that is it increases by 

10− 3 T cm−1 as one moves in the negative x-direction), and it is decreasing in time at 

the rate of 10−3 T s−1. Determine the direction and magnitude of the induced current in 

the loop if its resistance is 4.50 mΩ. 

Answer 

Side of the square loop, s = 12 cm = 0.12 m 

Area of the square loop, A = 0.12 × 0.12 = 0.0144 m2 

Velocity of the loop, v = 8 cm/s = 0.08 m/s 

Gradient of the magnetic field along negative x-direction,  

 

And, rate of decrease of the magnetic field, 

 

Resistance of the loop,  
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Rate of change of the magnetic flux due to the motion of the loop in a non-uniform 

magnetic field is given as: 

 

Rate of change of the flux due to explicit time variation in field B is given as: 

 

Since the rate of change of the flux is the induced emf, the total induced emf in the loop 

can be calculated as: 

 

∴Induced current,  

 

Hence, the direction of the induced current is such that there is an increase in the flux 

through the loop along positive z-direction. 

 

Question 6.13: 

It is desired to measure the magnitude of field between the poles of a powerful loud 

speaker magnet. A small flat search coil of area 2 cm2 with 25 closely wound turns, is 

positioned normal to the field direction, and then quickly snatched out of the field region. 

Equivalently, one can give it a quick 90° turn to bring its plane parallel to the field 

direction). The total charge flown in the coil (measured by a ballistic galvanometer 
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connected to coil) is 7.5 mC. The combined resistance of the coil and the galvanometer 

is 0.50 Ω. Estimate the field strength of magnet. 

Answer 

Area of the small flat search coil, A = 2 cm2 = 2 × 10−4 m2 

Number of turns on the coil, N = 25 

Total charge flowing in the coil, Q = 7.5 mC = 7.5 × 10−3 C  

Total resistance of the coil and galvanometer, R = 0.50 Ω 

Induced current in the coil,  

 

Induced emf is given as:  

 

Where,  

= Charge in flux 

Combining equations (1) and (2), we get 

 

Initial flux through the coil, = BA 

Where,  

B = Magnetic field strength  

Final flux through the coil,  

Integrating equation (3) on both sides, we have 

 

But total charge,  
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Hence, the field strength of the magnet is 0.75 T. 

 

Question 6.14: 

Figure 6.20 shows a metal rod PQ resting on the smooth rails AB and positioned between 

the poles of a permanent magnet. The rails, the rod, and the magnetic field are in three 

mutual perpendicular directions. A galvanometer G connects the rails through a switch K. 

Length of the rod = 15 cm, B = 0.50 T, resistance of the closed loop containing the rod 

= 9.0 mΩ. Assume the field to be uniform. 

(a) Suppose K is open and the rod is moved with a speed of 12 cm s−1 in the direction 

shown. Give the polarity and magnitude of the induced emf. 

 

(b) Is there an excess charge built up at the ends of the rods when 

K is open? What if K is closed?  

(c) With K open and the rod moving uniformly, there is no net force on the electrons in 

the rod PQ even though they do experience magnetic force due to the motion of the rod. 

Explain. 

(d) What is the retarding force on the rod when K is closed? 

(e) How much power is required (by an external agent) to keep the rod moving at the 

same speed (=12 cm s−1) when K is closed? How much power is required when K is 

open? 

(f) How much power is dissipated as heat in the closed circuit? 

What is the source of this power? 
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(g) What is the induced emf in the moving rod if the magnetic field is parallel to the rails 

instead of being perpendicular? 

Answer 

Length of the rod, l = 15 cm = 0.15 m 

Magnetic field strength, B = 0.50 T 

Resistance of the closed loop, R = 9 mΩ = 9 × 10−3 Ω 

(a) Induced emf = 9 mV; polarity of the induced emf is such that end P shows positive 

while end Q shows negative ends. 

Speed of the rod, v = 12 cm/s = 0.12 m/s 

Induced emf is given as: 

e = Bvl 

= 0.5 × 0.12 × 0.15 

= 9 × 10−3 v 

= 9 mV 

The polarity of the induced emf is such that end P shows positive while end Q shows 

negative ends. 

(b) Yes; when key K is closed, excess charge is maintained by the continuous flow of 

current. 

When key K is open, there is excess charge built up at both ends of the rods.  

When key K is closed, excess charge is maintained by the continuous flow of current. 

(c) Magnetic force is cancelled by the electric force set-up due to the excess charge of 

opposite nature at both ends of the rod. 

There is no net force on the electrons in rod PQ when key K is open and the rod is 

moving uniformly. This is because magnetic force is cancelled by the electric force set-up 

due to the excess charge of opposite nature at both ends of the rods. 

(d) Retarding force exerted on the rod, F = IBl 

Where,  

I = Current flowing through the rod 
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(e) 9 mW; no power is expended when key K is open. 

Speed of the rod, v = 12 cm/s = 0.12 m/s 

Hence, power is given as:  

 

When key K is open, no power is expended. 

(f) 9 mW; power is provided by an external agent. 

Power dissipated as heat = I2 R 

= (1)2 × 9 × 10−3 

= 9 mW 

The source of this power is an external agent. 

(g) Zero 

In this case, no emf is induced in the coil because the motion of the rod does not cut 

across the field lines. 

 

Question 6.15: 

An air-cored solenoid with length 30 cm, area of cross-section 25 cm2 and number of 

turns 500, carries a current of 2.5 A. The current is suddenly switched off in a brief time 

of 10−3 s. How much is the average back emf induced across the ends of the open switch 

in the circuit? Ignore the variation in magnetic field near the ends of the solenoid. 

Answer 

Length of the solenoid, l = 30 cm = 0.3 m 

Area of cross-section, A = 25 cm2 = 25 × 10−4 m2 

Number of turns on the solenoid, N = 500 

Current in the solenoid, I = 2.5 A 

Current flows for time, t = 10−3 s 

Average back emf,  

Where,  

= Change in flux  
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= NAB … (2) 

Where,  

B = Magnetic field strength  

 

Where, 

= Permeability of free space = 4π × 10−7 T m A−1 

Using equations (2) and (3) in equation (1), we get 

 

Hence, the average back emf induced in the solenoid is 6.5 V. 

 

Question 6.16: 

(a) Obtain an expression for the mutual inductance between a long straight wire and a 

square loop of side a as shown in Fig. 6.21. 

(b) Now assume that the straight wire carries a current of 50 A and the loop is moved to 

the right with a constant velocity, v = 10 m/s. 

Calculate the induced emf in the loop at the instant when x = 0.2 m. 

Take a = 0.1 m and assume that the loop has a large resistance. 

 

Answer 

 (a) Take a small element dy in the loop at a distance y from the long straight wire (as 

shown in the given figure).  
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Magnetic flux associated with element  

Where,  

dA = Area of element dy = a dy 

B = Magnetic field at distance y  

 

I = Current in the wire  

= Permeability of free space = 4π × 10−7 T m A−1 

 

y tends from x to . 
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(b) Emf induced in the loop, e = B’av  

Given,  

I = 50 A 

x = 0.2 m 

a = 0.1 m 

v = 10 m/s 

 

 

Question 6.17: 

A line charge λ per unit length is lodged uniformly onto the rim of a wheel of mass M and 

radius R. The wheel has light non-conducting spokes and is free to rotate without friction 

about its axis (Fig. 6.22). A uniform magnetic field extends over a circular region within 

the rim. It is given by, 

B = − B0 k (r ≤ a; a < R) 

= 0 (otherwise) 

What is the angular velocity of the wheel after the field is suddenly switched off? 

 

Answer 

Line charge per unit length  

Where, 

r = Distance of the point within the wheel 
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Mass of the wheel = M  

Radius of the wheel = R 

Magnetic field,  

At distance r,themagnetic force is balanced by the centripetal force i.e., 

 

∴Angular velocity,  
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Question 7.1: 

A 100 Ω resistor is connected to a 220 V, 50 Hz ac supply. 

(a) What is the rms value of current in the circuit? 

(b) What is the net power consumed over a full cycle? 

Answer 

Resistance of the resistor, R = 100 Ω 

Supply voltage, V = 220 V 

Frequency, ν = 50 Hz 

(a) The rms value of current in the circuit is given as:  

 

(b) The net power consumed over a full cycle is given as:  

P = VI 

= 220 × 2.2 = 484 W 

 

Question 7.2: 

(a) The peak voltage of an ac supply is 300 V. What is the rms voltage? 

(b) The rms value of current in an ac circuit is 10 A. What is the peak current? 

Answer 

 (a) Peak voltage of the ac supply, V0 = 300 V 

Rms voltage is given as:  

 

(b) Therms value of current is given as: 

I = 10 A 

Now, peak current is given as: 
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Question 7.3: 

A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of 

the current in the circuit. 

Answer 

Inductance of inductor, L = 44 mH = 44 × 10−3 H 

Supply voltage, V = 220 V 

Frequency, ν = 50 Hz 

Angular frequency, ω=  

Inductive reactance, XL = ω L  

Rms value of current is given as:  

 

Hence, the rms value of current in the circuit is 15.92 A. 

 

Question 7.4: 

A 60 µF capacitor is connected to a 110 V, 60 Hz ac supply. Determine the rms value of 

the current in the circuit. 

Answer 

Capacitance of capacitor, C = 60 µF = 60 × 10−6 F 

Supply voltage, V = 110 V 

Frequency, ν = 60 Hz 

Angular frequency, ω=  

Capacitive reactance  

 

Rms value of current is given as: 
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Hence, the rms value of current is 2.49 A. 

 

Question 7.5: 

In Exercises 7.3 and 7.4, what is the net power absorbed by each circuit over a complete 

cycle. Explain your answer. 

Answer 

In the inductive circuit,  

Rms value of current, I = 15.92 A 

Rms value of voltage, V = 220 V 

Hence, the net power absorbed can be obtained by the relation, 

P = VI cos Φ 

Where,  

Φ = Phase difference between V and I 

For a pure inductive circuit, the phase difference between alternating voltage and current 

is 90° i.e., Φ= 90°. 

Hence, P = 0 i.e., the net power is zero. 

In the capacitive circuit,  

Rms value of current, I = 2.49 A 

Rms value of voltage, V = 110 V 

Hence, the net power absorbed can ve obtained as:  

P = VI Cos Φ 

For a pure capacitive circuit, the phase difference between alternating voltage and 

current is 90° i.e., Φ= 90°. 

Hence, P = 0 i.e., the net power is zero. 

 

Question 7.6: 

Obtain the resonant frequency ωr of a series LCR circuit with L = 2.0 H, C = 32 µF and R 

= 10 Ω. What is the Q-value of this circuit? 

Answer 
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Inductance, L = 2.0 H 

Capacitance, C = 32 µF = 32 × 10−6 F 

Resistance, R = 10 Ω 

Resonant frequency is given by the relation,  

 

Now, Q-value of the circuit is given as: 

 

Hence, the Q-Value of this circuit is 25. 

 

Question 7.7: 

A charged 30 µF capacitor is connected to a 27 mH inductor. What is the angular 

frequency of free oscillations of the circuit? 

Answer 

Capacitance, C = 30µF = 30×10−6F 

Inductance, L = 27 mH = 27 × 10−3 H 

Angular frequency is given as:  

 

Hence, the angular frequency of free oscillations of the circuit is 1.11 × 103 rad/s. 

 

Question 7.8: 

Suppose the initial charge on the capacitor in Exercise 7.7 is 6 mC. What is the total 

energy stored in the circuit initially? What is the total energy at later time? 

Answer 
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Capacitance of the capacitor, C = 30 µF = 30×10−6 F 

Inductance of the inductor, L = 27 mH = 27 × 10−3 H 

Charge on the capacitor, Q = 6 mC = 6 × 10−3 C 

Total energy stored in the capacitor can be calculated by the relation, 

 

Total energy at a later time will remain the same because energy is shared between the 

capacitor and the inductor. 

 

Question 7.9: 

A series LCR circuit with R = 20 Ω, L = 1.5 H and C = 35 µF is connected to a variable-

frequency 200 V ac supply. When the frequency of the supply equals the natural 

frequency of the circuit, what is the average power transferred to the circuit in one 

complete cycle? 

Answer 

At resonance, the frequency of the supply power equals the natural frequency of the 

given LCR circuit. 

Resistance, R = 20 Ω 

Inductance, L = 1.5 H 

Capacitance, C = 35 µF = 30 × 10−6 F 

AC supply voltage to the LCR circuit, V = 200 V  

Impedance of the circuit is given by the relation,  

 

At resonance,  

 

Current in the circuit can be calculated as: 
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Hence, the average power transferred to the circuit in one complete cycle= VI  

= 200 × 10 = 2000 W. 

 

Question 7.10: 

A radio can tune over the frequency range of a portion of MW broadcast band: (800 kHz 

to 1200 kHz). If its LC circuit has an effective inductance of 200 µH, what must be the 

range of its variable capacitor? 

[Hint: For tuning, the natural frequency i.e., the frequency of free oscillations of the LC 

circuit should be equal to the frequency of the radiowave.] 

Answer 

The range of frequency (ν) of a radio is 800 kHz to 1200 kHz. 

Lower tuning frequency, ν1 = 800 kHz = 800 × 103 Hz 

Upper tuning frequency, ν2 = 1200 kHz = 1200× 103 Hz 

Effective inductance of circuit L = 200 µH = 200 × 10−6 H 

Capacitance of variable capacitor for ν1 is given as:  

C1  

Where,  

ω1 = Angular frequency for capacitor C1 

 

 

Capacitance of variable capacitor for ν2,  

C2  

Where,  
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ω2 = Angular frequency for capacitor C2 

 

 

Hence, the range of the variable capacitor is from 88.04 pF to 198.1 pF. 

 

Question 7.11: 

Figure 7.21 shows a series LCR circuit connected to a variable frequency 230 V source. L 

= 5.0 H, C = 80µF, R = 40 Ω 

 

(a) Determine the source frequency which drives the circuit in resonance. 

(b) Obtain the impedance of the circuit and the amplitude of current at the resonating 

frequency. 

(c) Determine the rms potential drops across the three elements of the circuit. Show 

that the potential drop across the LC combination is zero at the resonating frequency. 

Answer 

Inductance of the inductor, L = 5.0 H 

Capacitance of the capacitor, C = 80 µH = 80 × 10−6 F 

Resistance of the resistor, R = 40 Ω 

Potential of the variable voltage source, V = 230 V 

(a) Resonance angular frequency is given as: 

 

Hence, the circuit will come in resonance for a source frequency of 50 rad/s. 
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(b) Impedance of the circuit is given by the relation,  

 

At resonance, 

 

Amplitude of the current at the resonating frequency is given as:  

Where,  

V0 = Peak voltage 

 

Hence, at resonance, the impedance of the circuit is 40 Ω and the amplitude of the 

current is 8.13 A.  

(c) Rms potential drop across the inductor,  

(VL)rms = I × ωRL  

Where,  

I = rms current 

 

Potential drop across the capacitor,  

 

Potential drop across the resistor,  
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(VR)rms = IR 

= × 40 = 230 V 

Potential drop across the LC combination,  

 

At resonance,  

∴VLC= 0 

Hence, it is proved that the potential drop across the LC combination is zero at 

resonating frequency. 

 

Question 7.12: 

An LC circuit contains a 20 mH inductor and a 50 µF capacitor with an initial charge of 10 

mC. The resistance of the circuit is negligible. Let the instant the circuit is closed be t = 

0. 

(a) What is the total energy stored initially? Is it conserved during LC oscillations? 

(b) What is the natural frequency of the circuit? 

(c) At what time is the energy stored  

(i) completely electrical (i.e., stored in the capacitor)? (ii) completely magnetic (i.e., 

stored in the inductor)? 

(d) At what times is the total energy shared equally between the inductor and the 

capacitor?  

(e) If a resistor is inserted in the circuit, how much energy is eventually dissipated as 

heat? 

Answer 

Inductance of the inductor, L = 20 mH = 20 × 10−3 H 

Capacitance of the capacitor, C = 50 µF = 50 × 10−6 F 
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Initial charge on the capacitor, Q = 10 mC = 10 × 10−3 C 

(a) Total energy stored initially in the circuit is given as:  

 

Hence, the total energy stored in the LC circuit will be conserved because there is no 

resistor connected in the circuit. 

(b)Natural frequency of the circuit is given by the relation,  

 

Natural angular frequency,  

 

 

Hence, the natural frequency of the circuit is 103 rad/s. 

(c) (i) For time period (T ), total charge on the capacitor at time 

t,  

For energy stored is electrical, we can write Q’ = Q. 

Hence, it can be inferred that the energy stored in the capacitor is completely electrical 

at time, t =  

(ii) Magnetic energy is the maximum when electrical energy, Q′ is equal to 0.  
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Hence, it can be inferred that the energy stored in the capacitor is completely magnetic 

at time,  

(d) Q1 = Charge on the capacitor when total energy is equally shared between the 

capacitor and the inductor at time t. 

When total energy is equally shared between the inductor and capacitor, the energy 

stored in the capacitor = (maximum energy). 

 

Hence, total energy is equally shared between the inductor and the capacity at time, 

 

(e) If a resistor is inserted in the circuit, then total initial energy is dissipated as heat 

energy in the circuit. The resistance damps out the LC oscillation. 

 

Question 7.13: 

A coil of inductance 0.50 H and resistance 100 Ω is connected to a 240 V, 50 Hz ac 

supply. 

(a) What is the maximum current in the coil? 

(b) What is the time lag between the voltage maximum and the current maximum? 

Answer 
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Inductance of the inductor, L = 0.50 H 

Resistance of the resistor, R = 100 Ω 

Potential of the supply voltage, V = 240 V 

Frequency of the supply, ν = 50 Hz 

(a) Peak voltage is given as:  

 

Angular frequency of the supply,  

ω = 2 πν 

= 2π × 50 = 100 π rad/s 

Maximum current in the circuit is given as:  

 

(b) Equation for voltage is given as: 

V = V0 cos ωt 

Equation for current is given as:  

I = I0 cos (ωt − Φ) 

Where,  

Φ = Phase difference between voltage and current  

At time, t = 0.  

V = V0(voltage is maximum) 

Forωt − Φ = 0 i.e., at time , 

I = I0 (current is maximum) 

Hence, the time lag between maximum voltage and maximum current is .  

Now, phase angle Φis given by the relation, 
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Hence, the time lag between maximum voltage and maximum current is 3.2 ms. 

 

Question 7.14: 

Obtain the answers (a) to (b) in Exercise 7.13 if the circuit is connected to a high 

frequency supply (240 V, 10 kHz). Hence, explain the statement that at very high 

frequency, an inductor in a circuit nearly amounts to an open circuit. How does an 

inductor behave in a dc circuit after the steady state? 

Answer 

Inductance of the inductor, L = 0.5 Hz 

Resistance of the resistor, R = 100 Ω 

Potential of the supply voltages, V = 240 V 

Frequency of the supply,ν = 10 kHz = 104 Hz 

Angular frequency, ω = 2πν= 2π × 104 rad/s 

(a) Peak voltage,  

Maximum current,  

 

(b) For phase differenceΦ, we have the relation: 
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It can be observed that I0 is very small in this case. Hence, at high frequencies, the 

inductor amounts to an open circuit. 

In a dc circuit, after a steady state is achieved, ω = 0. Hence, inductor L behaves like a 

pure conducting object. 

 

Question 7.15: 

A 100 µF capacitor in series with a 40 Ω resistance is connected to a 110 V, 60 Hz 

supply. 

(a) What is the maximum current in the circuit? 

(b) What is the time lag between the current maximum and the voltage maximum? 

Answer 

Capacitance of the capacitor, C = 100 µF = 100 × 10−6 F 

Resistance of the resistor, R = 40 Ω 

Supply voltage, V = 110 V 

(a) Frequency of oscillations, ν= 60 Hz 

Angular frequency,  

For a RC circuit, we have the relation for impedance as: 

 

Peak voltage, V0 =  

Maximum current is given as: 
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(b) In a capacitor circuit, the voltage lags behind the current by a phase angle ofΦ. This 

angle is given by the relation:  

 

Hence, the time lag between maximum current and maximum voltage is 1.55 ms. 

 

Question 7.16: 

Obtain the answers to (a) and (b) in Exercise 7.15 if the circuit is connected to a 110 V, 

12 kHz supply? Hence, explain the statement that a capacitor is a conductor at very high 

frequencies. Compare this behaviour with that of a capacitor in a dc circuit after the 

steady state. 
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Answer 

Capacitance of the capacitor, C = 100 µF = 100 × 10−6 F 

Resistance of the resistor, R = 40 Ω 

Supply voltage, V = 110 V 

Frequency of the supply, ν = 12 kHz = 12 × 103 Hz 

Angular Frequency, ω = 2 πν= 2 × π × 12 × 10303 

= 24π × 103 rad/s  

Peak voltage,  

Maximum current,  

 

For an RC circuit, the voltage lags behind the current by a phase angle of Φ given as: 
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Hence, Φ tends to become zero at high frequencies. At a high frequency, capacitor C 

acts as a conductor.  

In a dc circuit, after the steady state is achieved, ω = 0. Hence, capacitor C amounts to 

an open circuit. 

 

Question 7.17: 

Keeping the source frequency equal to the resonating frequency of the series LCR circuit, 

if the three elements, L, C and R are arranged in parallel, show that the total current in 

the parallel LCR circuit is minimum at this frequency. Obtain the current rms value in 

each branch of the circuit for the elements and source specified in Exercise 7.11 for this 

frequency. 

Answer 

An inductor (L), a capacitor (C), and a resistor (R) is connected in parallel with each 

other in a circuit where,  

L = 5.0 H  

C = 80 µF = 80 × 10−6 F  

R = 40 Ω 

Potential of the voltage source, V = 230 V 

Impedance (Z) of the given parallel LCR circuit is given as: 
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Where,  

ω = Angular frequency  

At resonance,  

 

Hence, the magnitude of Z is the maximum at 50 rad/s. As a result, the total current is 

minimum. 

Rms current flowing through inductor L is given as: 

 

Rms current flowing through capacitor C is given as: 

 

Rms current flowing through resistor R is given as: 

 

 

Question 7.18: 

A circuit containing a 80 mH inductor and a 60 µF capacitor in series is connected to a 

230 V, 50 Hz supply. The resistance of the circuit is negligible. 

(a) Obtain the current amplitude and rms values. 
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(b) Obtain the rms values of potential drops across each element. 

(c) What is the average power transferred to the inductor? 

(d) What is the average power transferred to the capacitor? 

(e) What is the total average power absorbed by the circuit? [‘Average’ implies 

‘averaged over one cycle’.] 

Answer 

Inductance, L = 80 mH = 80 × 10−3 H 

Capacitance, C = 60 µF = 60 × 10−6 F 

Supply voltage, V = 230 V 

Frequency, ν = 50 Hz 

Angular frequency, ω = 2πν= 100 π rad/s 

Peak voltage, V0
 =  

(a) Maximum current is given as:  

 

The negative sign appears because  

Amplitude of maximum current,  

Hence, rms value of current,  

(b) Potential difference across the inductor,  

VL= I × ωL 

= 8.22 × 100 π × 80 × 10−3 

= 206.61 V 
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Potential difference across the capacitor, 

 

(c) Average power consumed by the inductor is zero as actual voltage leads the current 

by . 

(d) Average power consumed by the capacitor is zero as voltage lags current by . 

(e) The total power absorbed (averaged over one cycle) is zero. 

 

Question 7.19: 

Suppose the circuit in Exercise 7.18 has a resistance of 15 Ω. Obtain the average power 

transferred to each element of the circuit, and the total power absorbed. 

Answer 

Average power transferred to the resistor = 788.44 W 

Average power transferred to the capacitor = 0 W 

Total power absorbed by the circuit = 788.44 W 

Inductance of inductor, L = 80 mH = 80 × 10−3 H 

Capacitance of capacitor, C = 60 µF = 60 × 10−6 F 

Resistance of resistor, R = 15 Ω 

Potential of voltage supply, V = 230 V 

Frequency of signal, ν = 50 Hz 

Angular frequency of signal, ω = 2πν= 2π × (50) = 100π rad/s 

The elements are connected in series to each other. Hence, impedance of the circuit is 

given as:  
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Current flowing in the circuit,  

Average power transferred to resistance is given as:  

PR= I2R 

= (7.25)2 × 15 = 788.44 W 

Average power transferred to capacitor, PC = Average power transferred to inductor, PL 

= 0 

Total power absorbed by the circuit: 

= PR + PC + PL 

= 788.44 + 0 + 0 = 788.44 W 

Hence, the total power absorbed by the circuit is 788.44 W. 

 

Question 7.20: 

A series LCR circuit with L = 0.12 H, C = 480 nF, R = 23 Ω is connected to a 230 V 

variable frequency supply. 

(a) What is the source frequency for which current amplitude is maximum. Obtain this 

maximum value. 

(b) What is the source frequency for which average power absorbed by the circuit is 

maximum. Obtain the value of this maximum power. 

(c) For which frequencies of the source is the power transferred to the circuit half the 

power at resonant frequency? What is the current amplitude at these frequencies? 

(d) What is the Q-factor of the given circuit? 

Answer 

Inductance, L = 0.12 H 

Capacitance, C = 480 nF = 480 × 10−9 F 

Resistance, R = 23 Ω 
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Supply voltage, V = 230 V 

Peak voltage is given as:  

V0 = = 325.22 V 

(a) Current flowing in the circuit is given by the relation,  

Where, 

I0 = maximum at resonance  

At resonance, we have 

 

Where, 

ωR = Resonance angular frequency 

 

∴Resonant frequency,  

And, maximum current  

(b) Maximum average power absorbed by the circuit is given as: 

 

Hence, resonant frequency ( ) is  
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(c) The power transferred to the circuit is half the power at resonant frequency. 

Frequencies at which power transferred is half, =  

 

Where, 

 

Hence, change in frequency,  

∴  

And,  

Hence, at 648.22 Hz and 678.74 Hz frequencies, the power transferred is half. 

At these frequencies, current amplitude can be given as:  

 

(d) Q-factor of the given circuit can be obtained using the relation,  

 

Hence, the Q-factor of the given circuit is 21.74. 

 

Question 7.21: 

Obtain the resonant frequency and Q-factor of a series LCR circuit with L = 3.0 H, C = 

27 µF, and R = 7.4 Ω. It is desired to improve the sharpness of the resonance of the 
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circuit by reducing its ‘full width at half maximum’ by a factor of 2. Suggest a suitable 

way. 

Answer 

Inductance, L = 3.0 H 

Capacitance, C = 27 µF = 27 × 10−6 F 

Resistance, R = 7.4 Ω 

At resonance, angular frequency of the source for the given LCR series circuit is given 

as: 

 

Q-factor of the series: 

 

To improve the sharpness of the resonance by reducing its ‘full width at half maximum’ 

by a factor of 2 without changing , we need to reduce R to half i.e., 

Resistance =  

 

Question 7.22: 

Answer the following questions: 

(a) In any ac circuit, is the applied instantaneous voltage equal to the algebraic sum of 

the instantaneous voltages across the series elements of the circuit? Is the same true for 

rms voltage? 

(b) A capacitor is used in the primary circuit of an induction coil. 

(c) An applied voltage signal consists of a superposition of a dc voltage and an ac 

voltage of high frequency. The circuit consists of an inductor and a capacitor in series. 

Show that the dc signal will appear across C and the ac signal across L. 
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(d) A choke coil in series with a lamp is connected to a dc line. The lamp is seen to shine 

brightly. Insertion of an iron core in the choke causes no change in the lamp’s 

brightness. Predict the corresponding observations if the connection is to an ac line. 

(e) Why is choke coil needed in the use of fluorescent tubes with ac mains? Why can we 

not use an ordinary resistor instead of the choke coil? 

Answer 

 (a) Yes; the statement is not true for rms voltage 

It is true that in any ac circuit, the applied voltage is equal to the average sum of the 

instantaneous voltages across the series elements of the circuit. However, this is not 

true for rms voltage because voltages across different elements may not be in phase. 

(b) High induced voltage is used to charge the capacitor. 

 

A capacitor is used in the primary circuit of an induction coil. This is because when the 

circuit is broken, a high induced voltage is used to charge the capacitor to avoid sparks. 

(c) The dc signal will appear across capacitor C because for dc signals, the impedance of 

an inductor (L) is negligible while the impedance of a capacitor (C) is very high (almost 

infinite). Hence, a dc signal appears across C. For an ac signal of high frequency, the 

impedance of L is high and that of C is very low. Hence, an ac signal of high frequency 

appears across L. 

(d) If an iron core is inserted in the choke coil (which is in series with a lamp connected 

to the ac line), then the lamp will glow dimly. This is because the choke coil and the iron 

core increase the impedance of the circuit. 

(e) A choke coil is needed in the use of fluorescent tubes with ac mains because it 

reduces the voltage across the tube without wasting much power. An ordinary resistor 

cannot be used instead of a choke coil for this purpose because it wastes power in the 

form of heat. 

 

Question 7.23: 

A power transmission line feeds input power at 2300 V to a stepdown transformer with 

its primary windings having 4000 turns. What should be the number of turns in the 

secondary in order to get output power at 230 V? 

Answer 

Input voltage, V1 = 2300 
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Number of turns in primary coil, n1 = 4000 

Output voltage, V2 = 230 V 

Number of turns in secondary coil = n2 

Voltage is related to the number of turns as: 

 

Hence, there are 400 turns in the second winding. 

 

Question 7.24: 

At a hydroelectric power plant, the water pressure head is at a height of 300 m and the 

water flow available is 100 m3 s−1. If the turbine generator efficiency is 60%, estimate 

the electric power available from the plant (g= 9.8 m s−2). 

Answer 

Height of water pressure head, h = 300 m 

Volume of water flow per second, V = 100 m3/s 

Efficiency of turbine generator, n = 60% = 0.6 

Acceleration due to gravity, g = 9.8 m/s2 

Density of water, ρ = 103 kg/m3 

Electric power available from the plant = η × hρgV 

= 0.6 × 300 × 103 × 9.8 × 100 

= 176.4 × 106 W 

= 176.4 MW 

 

Question 7.25: 

A small town with a demand of 800 kW of electric power at 220 V is situated 15 km 

away from an electric plant generating power at 440 V. The resistance of the two wire 

line carrying power is 0.5 Ω per km. The town gets power from the line through a 4000-

220 V step-down transformer at a sub-station in the town. 

(a) Estimate the line power loss in the form of heat. 
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(b) How much power must the plant supply, assuming there is negligible power loss due 

to leakage? 

(c) Characterise the step up transformer at the plant. 

Answer 

Total electric power required, P = 800 kW = 800 × 103 W 

Supply voltage, V = 220 V 

Voltage at which electric plant is generating power, V' = 440 V 

Distance between the town and power generating station, d = 15 km 

Resistance of the two wire lines carrying power = 0.5 Ω/km 

Total resistance of the wires, R = (15 + 15)0.5 = 15 Ω 

A step-down transformer of rating 4000 − 220 V is used in the sub-station. 

Input voltage, V1 = 4000 V 

Output voltage, V2 = 220 V 

Rms current in the wire lines is given as: 

 

(a) Line power loss = I2R 

= (200)2 × 15 

= 600 × 103 W 

= 600 kW 

(b) Assuming that the power loss is negligible due to the leakage of the current: 

Total power supplied by the plant = 800 kW + 600 kW 

= 1400 kW 

(c) Voltage drop in the power line = IR = 200 × 15 = 3000 V 

Hence, total voltage transmitted from the plant = 3000 + 4000 

= 7000 V 

Also, the power generated is 440 V. 

Hence, the rating of the step-up transformer situated at the power plant is 440 V − 7000 

V. 
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Question 7.26: 

Do the same exercise as above with the replacement of the earlier transformer by a 

40,000-220 V step-down transformer (Neglect, as before, leakage losses though this 

may not be a good assumption any longer because of the very high voltage transmission 

involved). Hence, explain why high voltage transmission is preferred? 

Answer 

The rating of a step-down transformer is 40000 V−220 V. 

Input voltage, V1 = 40000 V 

Output voltage, V2 = 220 V 

Total electric power required, P = 800 kW = 800 × 103 W 

Source potential, V = 220 V 

Voltage at which the electric plant generates power, V' = 440 V 

Distance between the town and power generating station, d = 15 km 

Resistance of the two wire lines carrying power = 0.5 Ω/km 

Total resistance of the wire lines, R = (15 + 15)0.5 = 15 Ω 

P = V1I 

Rms current in the wire line is given as:  

 

 

(a) Line power loss = I2R 

= (20)2 × 15 

= 6 kW 

(b) Assuming that the power loss is negligible due to the leakage of current.  

Hence, power supplied by the plant = 800 kW + 6kW = 806 kW 

(c) Voltage drop in the power line = IR = 20 × 15 = 300 V 

Hence, voltage that is transmitted by the power plant 

= 300 + 40000 = 40300 V 

The power is being generated in the plant at 440 V. 

Hence, the rating of the step-up transformer needed at the plant is 

440 V − 40300 V.  
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Hence, power loss during transmission =  

In the previous exercise, the power loss due to the same reason is . 

Since the power loss is less for a high voltage transmission, high voltage transmissions 

are preferred for this purpose.  
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150east, what is the true direction of the ship?                                                                                       2    
Ans: 750 west of north.  

  
IMPORTANT TERMS IN MAGNETISM 

1 A magnetising field of 1600 A/m produces a magnetic flux of 2.4 x 10 -5 Wb in a bar of iron of 
cross section 0.2 cm2. Calculate permeability and susceptibility of the bar.  
Ans: Permeability = 7.5 x 10-4 T A -1 m, Susceptibility =596.1                                                            2 

2 The maximum value of permeability of µ-metal is 0.126 Tm/A. Find the maximum relative 
permeability and susceptibility.                                                
Ans: 105 each.                                                                                                                                            2                                                                  
 

 
 

MAGNETIC PROPERTIES OF MATERIALS 

1 The susceptibility of para magnetic material at 300K is 1.2 x 105. At what temperature will the 
susceptibility be equal to 1.44 x 10-5 .                                                                                                 1                                                                                                                                                                                   
Ans: 250 K  

2 An iron bar magnet is heated to 10000C and then cooled in a magnetic field free space. Will it 
retain its magnetism?  Ans: No it is above curie temperature.                                                         1                                                                                                                           

3 What is the net magnetic moment of an atom of a diamagnetic material?                                     1 
Ans : Zero 

4 Which materials have negative value of magnetic susceptibility?                                                      1 
Ans : Diamagnetic materials. 

5 Why permanent magnets are made of steel while the core of the transformer is made of soft 
iron?                                                                                                                                                               1                    

6* An iron rod of volume 10-4 m3 and relative permeability 1000 is placed inside a long solenoid 
wound with 5 turns/cm. If a current of 0.5A is passed through the solenoid , find the magnetic 
moment of the rod.                                                                                                                                     2 

7* The susceptibility of a magntic mateial is 0.9853. Identify the type of the magnetic material.Draw 
the modification of the field pattern on keeping a piece of this material in a uniform magnetic 
field.                                                                                                                                                               2                                                                                 
Ans : paramagnetic 

8 Two similar bars, made from two different materials P and Q are placed one by one in a non 
uniform magnetic field. It is observed that (a) the bar P tends to move from the weak to the 
strong field region. (b) the bar Q tends to move from the strong to the weak field region. What is 
the nature of the magnetic materials used for making these two bars?                                            2                                                                                                                                                                                                                              

 
 
 
 
 
 
 

4. ELECTROMAGNETIC INDUCTION AND ALTERNATING CURRENTS 
GIST 

1 
 

The phenomenon in which electric current is generated by varying magnetic fields is called 
electromagnetic induction. 

 

 

2 Magnetic flux through a surface of area A placed in a uniform magnetic field B is defined as  
      ΦB = B.A = BACosθ    where θ is the angle between B and A. 
 

 

3 Magnetic flux is a scalar quantity and its SI unit is weber (Wb).  Its dimensional formula is [Φ] 
= ML2T-2A-1. 

 

4 Faraday’s laws of induction states that the magnitude of the induced e.m.f in a circuit is 
equal to the time rate of change of magnitude flux through the circuit. 
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ε  
   

  
 

5 According to Lenz law, the direction of induced current or the polarity of the induced e.m.f is 
such that it tends to oppose the change in magnetic flux that produces it. (The negative sign 
in Faraday’s law indicates this fact.) 
 

 

6 Lenz law obeys the principle of energy conservation. 
 

 

7 The induced e.m.f can be produced by changing the (i) magnitude of B (ii) area A (iii) angle θ 
between the direction of B and normal to the surface area A. 

 

 

8 When a metal rod of length l is placed normal to a uniform magnetic field B and moved with 
a velocity v perpendicular to the field, the induced e.m.f is called motional e.m.f produced 
across the ends of the rod which is given by ε  = Blv. 

 

 

9 Changing magnetic fields can setup current loops in nearby metal bodies (any conductor). 
Such currents are called eddy currents. They dissipate energy as heat which can be 
minimized by laminating the conductor. 

 

10 Inductance is the ratio of the flux linkage to current. 
 

 

11 When a current in a coil changes it induces a back e.m.f in the same coil. The self induced 

e.m.f is given by ε    
  

  
where L is the self-inductance of the coil. It is a measure of 

inertia of the coil against the change of current through it. Its S.I unit is henry (H). 
 

 

12 A changing current in a coil can induce an e.m.f in a nearby coil. This relation,            

ε      
   

  
, shows that Mutual inductance of coil 1 with respect to coil 2 (M12) is due to 

change of current in coil 2. (M12 = M21). 

 

13 The self-inductance of a long solenoid is given by L = µ0n
2Al where A is the area of cross-

section   of the solenoid, l is its length and n is the number of turns per unit length. 
 

 

14 The mutual inductance of two co-axial coils is given by M12 = M21 = µ0 n1n2Al where n1& n2 are 
the number of turns per unit length of coils 1 & 2. A is the area of cross-section and l is the 
length of the solenoids. 
 

 

 
15 Energy stored in an inductor in the form of magnetic field is 2

max

1

2
BU Li  and   

        Magnetic energy density 

0

2

2B

B
U


  

 

16 In an A.C. generator, mechanical energy is converted to electrical energy by virtue of 

electromagnetic induction.  

            * Rotation of rectangular coil in a magnetic field causes change in flux (Φ = NBACosωt). 

            * Change in flux induces e.m.f in the coil which is given by  

              ε= -dΦ/dt = NBAωSinωt                    ε  = ε0Sinωt  

          * Current induced in the coil I = ε/R = ε0Sinωt/R = I0Sinωt 

 

17 An alternating voltage ε=ε0Sinωt, applied to a resistor R drives a current I = I0Sinωt in the 

resistor, I0 = ε0 /R where ε0& I0 are the peak values of voltage and current. (also represented by 

Vm & Im)     
 

 

18 The root mean square value of a.c. may be defined as that value of steady current which 
would generate the same amount of heat in a given resistance in a given time as is done by 
the a.c. when passed through the same resistance during the same time. 
 
 Irms = I0/√2 = 0.707i0                  
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 Similarly, vrms = v0/√2 = 0.707v0. 

For an a.c. ε = εm Sin ωt applied to a resistor, current and voltage are in phase. 
 

19  In case of an a.c. circuit having pure inductance current lags behind e.m.f by a phase angle 

90°.             ε = εm Sin ωt and i = im Sin (ωt-Π/2) 

                 Im = εm/XL; XL = ωL is called inductive reactance. 

 

 

20 In case of an a.c. circuit having pure capacitance, current leads e.m.f by a phase angle of 90°. 

           ε = εmSinωt and I= ImSin(ωt+π/2) where  

           Im = εm/XC and XC = 1/ωC is called capacitive reactance. 

 

 

21 In case of an a.c. circuit having R, L and C, the total or effective  

resistance of the circuit is called impedance (Z).  

           Z = εm / Im = 2

LC

2 )X-(X +R   

           tanΦ =
c LX X

R


 where φ is the phase difference 

between current and voltage. 

           ε = εmSinωt, I= ImSin(ωt+Φ)  

 

 

23  Average power loss over a complete cycle in an LCR circuit is  

          P = εrmsIrmsCosΦ 

          * In a purely resistive circuit Φ = 0; P = VRMSIRMS.  

          * In a purely inductive circuit Φ = Π/2; P = 0.     

          * In a purely capacitive circuit Φ = Π/2; P = 0. 

 

 

24  In an LCR circuit, the circuit admits maximum current if XC = XL, so that Z = R and  resonant 

frequency    
 

   
        

 

     
 

 

 

25 Q factor of series resonant circuit is defined as the ratio of voltage developed across the 
inductance or capacitance at resonance to the applied voltage across ‘R’, 

Q=
    

 
    

  

    
 also   

  

   
 where     is bandwidth. 

 

 

26 
for a transformer, 

ps s

p p s

iE N
K

E N i
    

         In an ideal transformer, εPIP = εSIS.  i.e 

If NS>NP; εS>εP& IS<IP – step up.         If NP>NS; εP>εS & IP<IS – step down. 

 

 

27 A circuit containing an inductor L and a capacitor C (initially charged) with no a.c. source and 
no resistors exhibits free oscillations of energy between the capacitor and inductor. The 
charge q satisfies the equation  

2

2

1
0

d q
q

LCdt
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CONCEPT MAP 

 

 

 

 

EMI  and application 
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QUESTIONS 

 

 MAGNETIC FLUX, INDUCED E.M.F,  
 

 

1 Two concentric circular coils are perpendicular to each other. Coil I carries a current i. If this 
current is changed, will this induce a current in the coil II?    
 

 

 

 

 

   
 
 
 
[No- Field due to one coil is parallel to the plane of the second coil. So                                                                                                    
flux does not change.]  
 

1 

2  A closed loop of wire is being moved with constant velocity without changing its orientation 
inside a uniform magnetic field. Will this induce a current in the loop? 
 [Ans: No there is no change in ΦB]   
 

1 

3 A cylindrical bar magnet is kept along the axis of a circular coil and near it as shown in the fig. 
Will there be any induced current at the terminals of the coil when the magnet is rotated a) 
about its own axis b) about an axis perpendicular to the length of the magnet? 

 

 

 
 

     N                 S   
 

                Fig (i)                                                                                        Fig(ii) 

 

 

Ans Fig. (i) No e.m.f will be induced, as these is no change in flux. 

                Fig (ii) Yes, Φ changes continuously. So e.m.f is induced in the coil.                                                                                                    

 

1 

4  A conducting wire is kept along the N→S direction and is allowed to fall freely. Will an e.m.f 
be induced in the wire?                                                                                                                           
(Yes) 

1 

5 A conducting wire is kept along the E→W direction and is allowed to fall freely. Will an e.m.f 
be induced in the wire?                                                                                                                                                        
(Yes)                 

1 

6 A vertical magnetic pole falls down through the plane of magnetic meridian. Will any e.m.f be 
induced between its ends?  
Ans: No, because the pole intercepts neither Bv or BH 
 

1 

II I 
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7 A wheel with a certain number of spokes is rotated in a plane normal to earth’s magnetic field 
so that an emf is induced between the axle and rim of the wheel, keeping all other things 
same,   number of spokes is changed. How is the e.m.f affected?    
 (Hint: Number of spokes does not affect the net emf) 
 

1 

8 What are eddy currents? 
 

1 

9 Explain any two applications of eddy current. 
 

2 

10 The magnetic flux linked with a coil passing perpendicular to the plane of the coil changes with   
time Φ = 4t2 + 2t + 3, where “t” is the time in seconds.   What is magnitude of e.m.f induced at 
t = 1 second?                                                                 

                                                 Ans: (e = dΦ/dt =  24 2 3
d

t t
dt

  ,e = 8t +2     If    t = 1s      e= 10V) 

3 

11  A wheel fitted with spokes of radius ‘r’ is rotating at a frequency of n revolutions   per second 
in a plane perpendicular to magnetic field B Tesla. What is the e.m.f induced between the axle 
and rim of the wheel?                                                             
  [2] 
Φ = BA 

e = d(BA)/dt= B dA/dt, dA/dt= Πr2x n 

e = B. Πr2n 

 

3 

12  Two coils P and S are arranged as shown in the figure.    
 (i) What will be the direction of induced current in S when the switch is closed? 
(ii) What will be the direction of induced current in S when the switch is opened?     

  

 

 

Ans: (i) anticlockwise   (ii) clockwise 

 

2 

13  A conducting circular loop is placed in a uniform magnetic field B = 0.020T with its plane 
perpendicular to the field. Somehow, the radius of the loop starts shrinking at a constant rate 
of 1mm/s. Find the induced current in the loop at an instant when the radius is 2cm.                             
Ans. (Ф= Πr2B    d Ф/dt = 2ΠrB dr/dt               e= 25μV 

2 

14  A 12V battery is connected to a 6Ω; 10 H coil through a switch drives a constant current in the 
circuit. The switch is suddenly opened. Assuming that it took 1ms to open the switch calculate 
the average e.m.f induced across the coil.                                                                                                       
 
Ans. (I initial=2A    I final= 0      =-Ldi/dt  =   20000V)    

2 

15 A coil of mean area 500 cm2 having 1000 turns is held perpendicular to a uniform magnetic 
field of 0.4 G. The coil is turned through 180 o   in 1/10 seconds. Calculate the average induced 
e.m.f.                                                                  
Ans. (0.04 V)         
 

2 

S 

P 
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16  A conducting rod of length l with one end pivoted is rotated with a uniform angular speed ω 
in a Vertical plane normal to uniform magnetic field B. Deduce an expression for e.m.f induced 
in this rod.    
 

2 

17  Two identical co-axial coils carry equal currents. What will happen to the current in each loop 
if the loops approach each other?        
  (2) 

 

Ans. (Acc to Lenz’s law current in each coil will decrease) 

2 

18  Obtain the direction of induced current and e.m.f when the conductor AB is moved at right 
angles to a stationary magnetic field (i) in the upward direction (ii) in the downward direction.       
(i)  B to A    (ii)  A to B) 

 
 

2 

19  A fan blade of length 0.5 m rotates perpendicular to a magnetic field of 5x10 -5 T. If the e.m.f   
induced between the centre and the end of the blade is 10 -2 V .  Find the rate of rotation.         
  
  Ans. (e=B dA/dt ; dt= 1/n ; n=254.7 rev/s) 

 

3 

20 The figure  shows a square loop having 100 turns an area of 2.5x10 -3  m2  and a resistance of 
100Ώ . The  magnetic field has a magnitude of B= 0.4 T. Find the work done in pulling the loop 
out of the field  slowly and uniformly in 1 second.                 
    

              P           Q                              R 

*    *   *   *   *   *   *                       

              *   *   *    *    *    *                

*   *  *     *   *    *  * 

Also draw graph showing the variation of power delivered when the loop is moved from P to Q 

to R.     (1x 10-6J) 

3 

21 Two coils have a mutual inductance of 0.005H. The current changes in the first coil according 
to the equation I= I0 Sin ωt where   I0 =10A and ω=100∏ rad/s. Calculate the maximum value 
of e.m.f in the second coil.                                                                                             (5 π volts) 

3 

22 A long rectangular conducting loop of width L mass  m and resistance R is placed partly above 
and partly below the dotted line with the lower edge parallel to it. With what velocity it should 
continue to fall without any acceleration?  

3 

G 
N 

S 

A 

B 

v 
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*  *  *  *  *  *  *  *  *                                                                                 

  

*  *  *  * *  *  *  *  * 

-*--*--*----------*---*----   

 

(mg = B2l2v/r ;  v=mgr/ B2l2 ) 

 

 
 INDUCTANCE  

1 Two conducting circular loops of radii R1 and R2 are placed in the same plane with their 
centres coinciding. Find the mutual inductance between them assuming R2<< R1. 
 (M=µ0 πR2

2  /2R1)                

2 

2 
 Prove that the total inductance of two coils connected in parallel is 

1 2

1 1 1

TL L L
   

2 

3 Two circular loops are placed with their centres at fixed distance apart. How would you 
orient the loops to have (i) maximum   (ii) minimum Mutual inductance?    
 

2 

4  A coil of wire of certain radius has 600 turns and inductance of 108mH. What will be the 
inductance of another similar coil with 500 turns?                                                            (75mH) 
 

2 

5 Obtain the mutual inductance of a pair of coaxial circular coils kept separated by a distance 

as shown in fig:- 

 

2 

      

 ALTERNATING CURRENT - RMS CURRENT AND VOLTAGE      
 

 

1 Find the RMS value of A.C shown in the figure.                                                        

 

 

1 

R 
r 
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2 The instantaneous value of e.m.f is given by ε= 300sin 314t. What is the rms value of emf ? 

         Ans:-  0=300 units  rms=212.1 units                     

1 

3 Why a 220 V AC is considered to be more dangerous than 220 V DC? 

Ans: peak value of AC is more than rms value which is equal to 311V. 

1 

4 An AC current flows through a circuit consisting of differerent elements connected in series.  
(i) Is the applied instantaneous voltages equal to the algebraic sum of instantaneous 
voltages across the series elements of the circuit?   (ii) Is it true for rms voltages? 
   
 Ans: (i) yes (ii) no       

1 

5 A capacitor blocks DC. Why?         
 
Ans: XC=1/(2πfC ),  for D.C  f=0, therefore Xc=∞ 

1 

6 What is the phase relationship between e.m.f across L and C in a series LCR circuit connected 
to an A.C source?          
  
Ans:-The phase difference between VL and VC=1800           

 

1 

7 Two alternating currents are given by I1=I0Sinωt and I2= I0Sin(ωt+π/3).  Will the rms value 
ofI1 & I2 be equal or different?        

Ans: The rms value will be equal.                    

1 

8 An alternating current is given by i=i1Cosωt+i2Sin ωt. Find the rms current in the circuit.  (2) 

Ans: 
   

    
  

 
 

2 

9 An alternating current having a peak value of 14A is used to heat a metal wire. What is the 
value of steady current which can produce the same heating effect as produced by AC? 
Why?   Ans: irms=10A  
 

2 

10 If a constant current of 2.8A exists in a resistor, what is the rms value of current? Why?  (2) 
Ans: 2.8A          

2 

11 Sketch a graph showing the variation of impedance of LCR circuit with the frequency of applied 

voltage.           (1) 

 

   

  
 

 

1 

12  If resistance R in circuit ‘a’ be decreased, what will be the direction of induced current in the 

circuit ‘b’.           

 

2 

 

 

Z 

ϑ ϑr 
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 AC CIRCUITS 
 

 

1 What is meant by wattless current?   1 

2 Define: Q factor in LCR series circuit 1 

3 Why is choke coil preferred over resistor to reduce a.c? 1 

4 How do R, XL and XC get affected when the frequency of applied AC is doubled?    

Ans:    a) R remains unaffected 
            b) XL=2πfL, so doubled 
            c) XC=1/2πfC, so halved          
 

3 

5 For circuits for transporting electric power, a low power factor implies large power loss in 
transmission line. Why?         
 (2) 

  Ans:  rms

rms

P
i

V Cos
  

2 

6 In an AC circuit there is no power consumption in an ideal inductor. Why?    
Ans:  P= Vrms Irms Cos π/2 =0                     
 

2 

7 An LCR series circuit is connected to an AC source. Which of its components dissipates 
power?  
L or C or R? Justify your answer.         

Ans: Resistance, Power in L and C = 0                      

2 

8 An electric lamp connected in series with a capacitor and an AC source is glowing with 
certain brightness. How does the brightness of the lamp change on reducing the 
capacitance? 
Ans: Brightness decreases. (As C decreases, XC increases. Hence Z increases and I decreases.) 

2 

9 The power factor of an AC circuit is lagging by a factor 0.5.  What does it mean?   (2) 
Ans: CosФ=0.5, ie, Ф =600.  This implies that the current lags behind applied voltage by a 
phase angle of 600 

 

2 

10  The peak value of an AC is 5A and its frequency is 60Hz. Find its rms value. How long will the 
current take to reach the peak value starting from zero? 
Ans: Irms= 3.5A .  Time period T=(1/60)s . The current takes one fourth of the time period to 
reach the peak value starting from zero.    t =T/4 =(1/240)s. 
 

2 

11 The voltage and current in a series AC circuit are given by V= V0 Cosωt  &   I= I0 Sinωt. What is 
the power dissipated in the circuit?        
  
Ans:- I=I0Sinωt  &  V=V0Sin(ωt+π/2),  since V leads current by a phase angle  π/2, it is an 
inductive circuit .  So, P=0      

2 

12 When an AC source is connected to a capacitor with a dielectric slab between its plates, will 
the rms current increase or decrease or remain constant?    
   
Ans: The capacitance increases, decreasing the reactance Xc . Therefore the rms current 
increases.       
 

2 

13 Can peak voltage across an inductor be greater than the peak voltage supplied to an LCR? 
  

2 
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Ans: Yes, at the time of break of a circuit, a large back e.m.f is set up across the circuit.    

 
14 Write any two differences between impedance and reactance.   2 

15 A 100 Ω resister is connected to 220V, 50 cycles per seconds. What is (i) peak potential 
difference (ii) average potential difference and (iii) rms current?  
 Ans.  o=311.08V,    m =197.9V,  Iv= 2.2 A 
 

2 

16 Define and derive the root mean square value of a.c voltage  3 

      

 RESONANCE  in  LCR Circuits 

 

 

1 An inductor of inductance 100mH is connected in series with a resistance, a variable 
capacitance and an AC source of frequency 2 kHz. What should be the value of the 
capacitance so that maximum current may be drawn into the circuit?    
      
Ans: 1/ωC=ωL ;  C=1/ω2L=63nF.                                                                                  

2 

2 In the circuit shown below R represents an electric bulb. If the frequency of the supply is 
doubled, how the valves of C and L should be changed so that the glow in the bulb remains 
unchanged?                                                                                                                             

 
        Hint:        XL=2πfL                   XC=1/2πfC 

 

2 

3 Draw phasor diagram for an LCR circuit for the cases (i) the voltage across the capacitor is 
greater than that across the inductor (ii) voltage across inductor is greater than that across 
the capacitor. 
 

2 

4 Does current in AC circuit lag, lead or remain in phase with voltage of frequency υ applied to 
a series LCR circuit when (i) υ = υ r 
(ii) υ< υ r   (iii) υ > υ r, where υ r resonant frequency? 
 

1 

5 11kw of electric power can be transmitted to a distant station at (i) 220V and (ii) 22kV.  
Which of the two modes of transmission should be preferred and why?    
 

2 

6 In an AC circuit V and I are given by V=100Sin100t volts and I= 100 Sin(100t+π/3)mA 
respectively. What is the power dissipated in the circuit?     
    
Ans: V0=100V        I0=100A        Ф= π/3   P=Vrms Irms Cos Ф=2500W                    

 

2 

7 The potential across a generator is 125V when it is suppling10A. When it supplies 30A, the 
potential is 120V. What is the resistance of the armature and induced e.m.f?      
  
Ans: E=127.5V                                                                                                                

2 

8 In an LCR circuit the potential difference between terminals of inductance 60V, between 
terminals of capacitor 40V and between the terminals of resistor is 40V. Find the supply 
voltage.   (3) 
Ans:  In series LCR circuit voltage across capacitor and inductor are in opposite phase, so net 
voltage across the combination of L and C becomes 60-30=30V.  Total voltage across R and L 
= 50V                                                                                      

3 
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9 The natural frequency of an LC circuit is 1,25,000 Hz. Then the capacitor C is replaced by 

another capacitor with a dielectric medium k, which decreases the frequency by 25 KHz. 
What is the value of k?                                                                          
   
Ans: υ1=1/2π√LC     υ2=1/2π√kLC     k=( υ1/ υ 2)

2=(1.25)2=1.56. 

 

3 

10 Obtain the resonant frequency and Q factor of a series LCR circuit with   L= 3H,   C= 27µF and     
R= 7.4 Ώ.  Write two different ways to improve quality factor of a series LCR circuit   
  
Ans: Q=45,ω0=111rad/s                                                                            

 

3 

11 An A.C source of voltage V= Vm Sinωt is connected one-by-one to three circuit elements    
X, Y and Z. It is observed that the current flowing in them                                                                       

i. is in phase with applied voltage for X 
ii. Lags applied voltage in phase by π /2 for elements Y. 

iii. Leads the applied voltage in phase by π /2 for element Z. 
     Identify the three circuit elements.       
   
 

5 

 TRANSFORMER 
 

 

1 Why is the core of a transformer laminated?                                1 

2 Why can’t a transformer be used to step up dc voltages?                   1 

3 The graph below shows the variation of I with t. If it is given to the primary of a transformer, 
what is the nature of induced e.m.f in the secondary?      
  

 

(Hint: e has constant positive value in the first part and a constant negative value in the 

second part) 

1.  The turn ratio of a transformer is 10. What is the e.m.f in the secondary if 2V is supplied  
to primary?             
 
2.  A transformer has an efficiency of 80% It works at 4kW and 100V. If the secondary voltage  
     Is240V find the primary current.                              
   
     (40 A )                         
 

3 

4 When a voltage of 120V is given to the primary of a transformer the current in the primary is 
1.85mA. Find the voltage across the secondary when it gives a current of 150mA. The 
efficiency of the transformer is 95%                                       

(1406V) 

3 

I 

t 
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 GENERATOR 

 

 

1 If the speed of rotation of armature is increased twice how would it affect the (a) maximum 
e.m.f produced (b) frequency of the e.m.f?                                 
  (e=NBAω ;f=ω/2Π) 
 

1 

2 A coil of area 0.2m2 and 100 turns rotating at 50 revolutions per second with the axis 
perpendicular to the field. If the maximum e.m.f is 7kV determine the magnitude of 
magnetic field.           (1.1 Tesla)      
 

2 

3 An ac generator consists of a coil of 50 turns and an area of 2.5m2 rotating at an angular 
speed of 60 rad/s in a uniform magnetic field of B= 0.3T between two fixed pole pieces. The 
resistance of the circuit including that of the coil is 500Ώ      
 
(i) What is the maximum current drawn from the generator?          
(ii)What is the flux through the coil when current is zero?    
(iii)What is the flux when current is maximum?              

(4.5A, 375Wb, zero)             

3 

 

  


