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UNIT  4  
Electromagnetic Induction and Alternating 

Currents 

• In this unit, the student is exposed to  

– the phenomenon of electromagnetic induction 

– the application of Lenz’s law to find the direction of 
induced emf 

– the concept of Eddy current and its uses 

– the phenomenon of self-induction and mutual-
induction 

– the various methods of producing induced emfs 

– the construction and working of AC generators 



– the principle of transformers and its role in long 
distance power communication 

– the notion of root mean square value of alternating 
current 

– the idea of phasors and phase relationships in 
different AC circuits 

– the insight about power in an AC circuit and wattless 
current 

– the understanding of energy conservation during LC 
oscillations 



UNIT  4  
Electromagnetic Induction and AC - Syllabus 

• Electromagnetic Induction 

o Introduction 

o Magnetic flux 

o Faraday’s laws of induction – Experiments 

o Lenz’s law 

o Fleming’s right hand rule 

o Motional emf from Lorentz force 

o Motional emf from Faraday’s law and Energy conservation 

• Eddy currents 

o Explanation 

o Applications of Eddy currents 



• Self-induction 

o Introduction 

o Physical significance of inductance 

o Self-induction of a long solenoid 

o Mutual induction 

o Mutual Inductance of two long co-axial solenoids 

• Methods of producing induced EMF 

o By changing magnetic induction 

o By changing area enclosed by the coil 

o By changing the orientation of the coil with field 

• AC generator 

o Single-phase AC generator 

o Three-phase AC generator 



• Transformer 

o Construction and working of Transformer 

o Energy losses in a transformer 

o Advantages of AC in long distance power transmission 

• Alternating current 

o Mean or average value of AC 

o RMS value of AC 

o Phasor and phasor diagram 

o AC circuit with a resistor 

o AC circuit with an inductor 

o AC circuit with a capacitor 

o Series RLC circuit 

o Resonance in series RLC circuit 

 



• Power in AC circuits 

o Introduction 

o Wattless current 

o Power factor 

o Advantages and disadvantages of AC over DC 

• Oscillation in an LC circuit 

o Energy conversion during LC oscillations 

o Conservation of energy in LC oscillations 

o Analogies between LC oscillations and simple harmonic 
oscillations 



4.1 Electromagnetic Induction 

4.1.1 Introduction 
• Magnetic effects of electric current 

• Its converse effect  

• Is it possible to produce an electric current with the 
help of a magnetic field? 

4.1.2 Magnetic flux 
• the number of magnetic field lines passing through 

that area normally 



4.1.3 Faraday’s Experiments on Electromagnetic 
Induction - First Experiment  



4.1.3 Faraday’s Experiments on Electromagnetic 
Induction – Second Experiment  



Electromagnetic Induction 
• Whenever the magnetic flux linked with a closed coil 

changes, an emf is induced and hence an electric 
current flows in the circuit.  

• This current  - an induced current and the emf - an 
induced emf.  

• This is known as electromagnetic induction. 



Explanation of Faraday’s first experiment 



Explanation of Faraday’s second experiment 



Faraday’s laws of Electromagnetic induction 

• First law 

 Whenever magnetic flux linked with a closed 
 circuit changes, an emf is induced in the circuit.  

• Second law  

 The magnitude of induced emf in a closed circuit 
 is equal to the time rate of change of magnetic 
 flux linked with the circuit. 

 



4.1.4 Lenz’s law  
• It states that the direction of the induced current is 

such that it always opposes the cause responsible 
for its production. 

• This is according to the law of conservation of 
energy. 

• It says that effect always opposes the cause. 

• Causes: 

o In terms of increase or decrease of magnetic flux 

o In terms of movement of the magnets 

• Effect:  

o Induction of emf or current 

• The direction of induced current is found out. 

 



Right hand thumb rule 

Direction of magnetic field  
of solenoid  

Direction of magnetic field  
of a circular loop 

Direction of magnetic field  
of a straight conductor 



Lenz’s law - First Illustration   

If flux increases,  
opposite direction 

If flux decreases,  
same direction 



Find out the direction of the induced currents in the 3 
closed loops given below using Lenz’s law. 

(iii) Clockwise 

 

(ii) Clockwise 

(i) Anti-Clockwise 



Lenz’s law - First Illustration   



Lenz’s law - Second 
Illustration   



Lenz’s law - Second Illustration   

The magnet's 
motion 

creates a 
magnetic 

dipole that 
opposes 

the motion. 



4.1.5 Fleming’s right hand rule 



4.1.6 Motional emf from Lorentz force 

Motional emf is 



4.1.7 Motional emf from Faraday’s law and Energy 

conservation 

Motional 
emf 



Energy conservation 

The rate at which 
thermal energy is 

dissipated or power 

The rate of 
doing 

work or power 





4.2 Eddy currents 



Eddy currents - Demonstration 



i. Induction stove 



ii. Eddy current brake 



iii. Eddy current testing 



iv. Electromagnetic damping 



4.3 Self-induction 

4.3.1 Introduction 
• Inductor is a device used to store energy in a 

magnetic field when an electric current flows 
through it. 

Self – induction  
• If flux linked with the coil is changed by changing 

the current, an emf is induced in that same coil. 
This phenomenon is known as self-induction. 

• The emf induced is called self-induced emf. 



Physical significance  
• L plays same role as 

mass and MI. 

• Thus, inductance of the 
coil opposes any 
change in current and 
tries to maintain the 
original state. 



4.3.3 Mutual induction 
• When an electric current passing through a coil 

changes with time, an emf is induced in the 
neighbouring coil.  

• This is mutual induction  

• Emf is mutually induced emf 



4.3.4 Mutual inductance between two long co-axial 
solenoids 







4.4. Methods of producing induced emf 

Induced emf can be produced by changing magnetic flux 
in any of the following ways. 

• By changing the magnetic field B 

• By changing the area A of the coil and 

• By changing the relative orientation θ of the coil 
with magnetic field 



4.4.4 Induction of emf by changing relative 
orientation of the coil with the magnetic field 

B m  cos tB m  







4.5 AC generator 

4.5.1 Introduction 

• AC generator or alternator is an energy 
conversion device.  

• It converts mechanical energy used to rotate the 
coil or field magnet into electrical energy. 

4.5.2 Principle 

• Principle - Electromagnetic induction  

• Magnitude of the induced emf - Faraday’s law 

• Its direction - Fleming’s right hand rule 









4.5.3 Construction 
• Two major parts: 

• Stator – stationary   

• Rotor – rotates inside the stator   

• In any standard construction of commercial alternators, 

• the armature winding – stator  

• the field magnet – rotor 



• Stator: 
 Stationary part  

 It has three components namely, Stator frame, 
Stator core and Armature winding  





Stator winding of a generator at a hydroelectric power 
station 



• Rotor:  
 It rotates inside the stator 

 It contains magnetic field windings 

 DC source –  To magnetize the field windings   

 Slip rings –  Two ends of the winding are connected 

 Two brushes - To maintain connection between DC 
source and field windings 

 2 types of rotors  

 Salient pole rotor and  

 Cylindrical pole rotor.  



• Salient pole rotor:  



• Cylindrical pole rotor: 







Rotor of a generator at a hydroelectric power station 











4.5.4 Advantages of stationary armature-rotating field 
alternator 

• The current is drawn directly from fixed terminals on 
the stator without the use of brush contacts. 

• The insulation of stationary armature winding is 
easier. 

• The number of sliding contacts (slip rings) is 
reduced. Moreover, the sliding contacts are used for 
low-voltage DC Source. 

• Armature windings can be constructed more rigidly 
to prevent deformation due to any mechanical 
stress. 



4.5.5 Single phase AC 
generator 
• Armature conductors are 

connected in series so as 
to form a single circuit  

• This generates a single-
phase alternating emf  

• Hence it is called single-
phase AC generator 



Working: 







4.5.5 Three phase AC 
generator 

 

• Poly-phase generators – 
more than one coil 

• Two-phase generators –     
2 coils and 2 emfs 

• Three-phase generators 
– 3 coils and 3 emfs 



4.5.5 Three phase AC generator 



4.5.5 Three phase AC generator 



Cross-sectional view of hydroelectric power station 





4.7 Alternating Currents 

4.7.1 Introduction 
• An alternating voltage is the voltage which changes 

polarity at regular intervals of time and the direction 
of the resulting alternating current also changes 
accordingly. 



Sinusoidal Alternating voltage: 
• If the waveform of alternating voltage is a sine 

wave, then it is known as sinusoidal alternating 
voltage.  



Mean value of AC: 
• the average of all values of current over a positive 

half-cycle or negative half-cycle 





RMS value of AC: 
• the square root of the mean of the squares of all 

currents over one cycle 









Phasor: 
• A rotating vector to represent sinusoidal alternating 

voltage (or current)  

• A phasor is drawn in such a way that  

o the length of the line segment = (or )  

o its angular velocity ω = the angular frequency of 
AC voltage (or current)  

o the projection on any vertical axis gives 
instantaneous value 

o the angle between the phasor and the axis of 
reference (positive x-axis) indicates the phase of 
the alternating voltage (or current). 

Phasor diagram: 

o the diagram which shows various phasors and their 
phase relations 



Phasor diagram: 



Phasor diagram: 



Phasor diagram: 



Phasor diagram: 



4.7.3 AC circuit containing pure resistor 

sinmV t 

The applied alternating voltage is 

The circuit current is  

sinmi I t





4.7.4 AC circuit containing only an inductor 

sinmV t 

The applied alternating voltage is 

The circuit current is  

 sin 2mi I t  





4.7.5 AC circuit containing only a capacitor 

sinmV t 

The applied alternating voltage is 

The circuit current is  

 sin 2mi I t  









4.7.6 Series RLC circuit 

sinmV t 

The applied alternating voltage is 

The circuit current is  

 sinmi I t  









4.8 Power in AC circuits 

4.8.1 Introduction 
• the rate of consumption of electric energy in that 

circuit.  

• It is given by the product of the voltage and current.  

• In an AC circuit, the voltage and current vary 
continuously with time.  





4.8.2 Wattless current 



4.8.3 Power factor 





4.9 LC oscillations 



4.9.2 Conservation of energy in LC oscillations 





4.9.3 Analogies between LC oscillations and simple 

harmonic oscillations 

Qualitative Treatment: 



Analogies between LC 
oscillations and simple 

harmonic oscillations 



Quantitative Treatment:  
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The general solution of equation is of the form 

   cosmq t Q t  



Current in the circuit: 
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Oscillations of electrical and magnetic energy:  

The electrical energy of the LC system is  

The magnetic energy is 

Total energy is 
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Oscillations of electrical and magnetic energy:  

















14. A long solenoid having 400 turns per cm carries a current 2A. 
A 100 turn coil of cross-sectional area 4 cm2 is placed co-axially 
inside the solenoid so that the coil is in the field produced by the 
solenoid. Find the emf induced in the coil if the current through the 
solenoid reverses its direction in 0.04 sec. 







Thank you !!! 


