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 Concept of Electromagnetic Induction:  

Electromagnetic Induction was discovered by Michael Faraday in 1831 and James 

Clerk Maxwell mathematically described it as Faraday’s law of induction. 

Electromagnetic Induction is a current produced because of voltage production 

(electromotive force) due to a changing magnetic field. 

This either happens when a conductor is placed in a moving magnetic field (when 

using AC power source) or when a conductor is constantly moving in a stationary 

magnetic field. 

Michael Faraday arranged a conducting wire as per the setup given below, attached 

to a device to measure the voltage across the circuit. When a bar magnet was moved 

through the coiling, the voltage detector measures the voltage in the circuit. 

 

Through his experiment, he discovered that there are certain factors that influence this 

voltage production. They are: 

1. Number of Coils: The induced voltage is directly proportional to the number of 

turns/coils of the wire. Greater the number of turns, greater is voltage produced 

2. Changing Magnetic Field: Changing magnetic field affects the induced voltage. 

This can be done by either moving the magnetic field around the conductor or 

moving the conductor in the magnetic field. 

Applications of Electromagnetic Induction 

Based on his experiments we now have Faraday’s law according to which the amount of 

voltage induced in a coil is proportional to the number of turns of the coil and the rate of 

changing magnetic field. 

 AC generator works on the principle of electromagnetic induction. 

 The working of electrical transformers are based on the electromagnetic induction. 

 The magnetic flow meter is based on the electromagnetic induction. 

 

https://byjus.com/physics/faradays-law/


SPPU, New Syllabus                                               HRM, Rajgurunagar, Physics Department 

Faraday’s Law of Induction and Lenz’s Law:  

Considering two neighboring circuits as shown in adjacent figure, one circuit 

connected with a battery and a key and other circuit contains only a galvanometer. 

When key K is pressed a deflection is observed in the galvanometer G. when K is 

kept pressed then deflection in G becomes zero. When suddenly key K is released 

then current in first circuit now becomes zero and due to this there is again a 

deflection is observed in galvanometer G but this time in opposite direction as 

earlier. The deflection in galvanometer is also observed if the battery circuit is held 

stationary and the galvanometer circuit is moved and vice-versa. Therefore 

deflection in galvanometer G is observed whenever the two circuits are in relative 

motion. 

 

Faraday concluded from the above experiment that “whenever there is change in the 

magnetic flux in one circuit then an induced e.m.f and hence induced current (in 

closed circuit) is produced in the neighboring circuit, the magnitude of this induced 

current depends upon the time rate of change of magnetic flux. The changing 

magnetic flux produces an induced emf ξ which is represented by: 

          ξ =∮ 𝐸. 𝑑𝑙 …………….(1) 

E.M.F may be defined as the work done by the electric field E in carrying a unit 

positive charge in the complete circuit. let us consider a circuit C enclosing a surface 

S as shown in fig 2. The magnetic field produced in the neighboring circuit is B. 

Consider a small surface element dS of the surface enclosed by the circuit. then the 

magnetic flux linked by the circuit C will be given by: 

 

         ɸ= ʃs B.n^ dS ……………(2)  

Where n ^ is a unit vector along the positive normal to dS. 

 

The Faraday's law of electromagnetic induction states that “the line integral of the 

electric field E around the circuit is equal to the negative of the time rate of change 

of the total magnetic flux through the circuit. The sign of the e.m.f is specified by 

Lenz’s law.  

Therefore 
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Lenz’s Law  

Lenz's law gives the direction of induced current. It states that direction of induced 

current in a closed circuit is such that it opposes the very cause that produces it, that 

is, the induced current produces a magnetic field which opposes the change in flux. 

Thus if the flux ɸ increases, the current produces an opposing flux and if flux 

decreases the induced current produces an aiding flux.  

The law applies only to the closed circuits. This law follows from the principle of 

conservation of energy.  

According to Lenz's law, the direction of the current should be such as to oppose the 

motion of the magnet towards the circuit. Now we know that a current through a coil 

produces magnetic field like a magnetic dipole. One face of the coil, therefore 

behaves as North Pole of a magnet and the other as South Pole. The face from which 

the lines of magnetic field emerge will obviously act as North Pole and vice versa. 
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 Displacement Current and Generalization of Ampere’s Law:  
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 Maxwell’s Equations (Differential Form and Integral Forms) and 

Their Physical Significance:  

1) Differential Form:  
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2) Integral Form:  
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 Reflection and refraction of plane waves at an interface:  
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Continuity of the tangential component of H 

 

 
Instead of applying these equations to a general incident polarization, we may treat the 

two independent linear polarization directions independently, with the general result being 

a linear combination of the two. We therefore need consider only two particular cases, (1) 

the electric field perpendicular to the plane incidence (i.e., the +y-direction), and (2) 

parallel to the plane of incidence. 

Polarization perpendicular to the plane of incidence:  

 

 



SPPU, New Syllabus                                               HRM, Rajgurunagar, Physics Department 

 

 
 

 

 



SPPU, New Syllabus                                               HRM, Rajgurunagar, Physics Department 

 

 
 

 

 



SPPU, New Syllabus                                               HRM, Rajgurunagar, Physics Department 

 

 
 

 



SPPU, New Syllabus                                               HRM, Rajgurunagar, Physics Department 

 

 

 

 

 



SPPU, New Syllabus                                               HRM, Rajgurunagar, Physics Department 

 

 



SPPU, New Syllabus                                               HRM, Rajgurunagar, Physics Department 

 Wave Equation in Free Space:  

Start with Maxwell's equations in derivative form for empty space. 

                             ∇ · E = 0 
  
(Gauss) 

  

∇ · B = 0 
  
(no name) 

  

                            ∇ × E =  −  
∂B   

(Faraday) 
∂t   

∇ × B =  μ0ε0  
∂E   

(Ampère) 
∂t   

These equations are first order, which usually means the mathematics should be 

easy (good!), but they're also coupled, which means it might be difficult (rats!). 

Let's separate them using this little trick. Take the curl of both sides of Faraday's 

and Ampère's laws. The left side of each equation is the curl of the curl, for which 

there is a special identity. The right side of each equation, on the other hand, is the 

curl of a time derivative. We'll switch it around into a time derivative of the curl. 

                             ∇ × E =  − 
∂B 

      
∂t 

 

 
Now if you look carefully, you'll see that one term in each equation equals zero and 

the other can be replaced with a time derivative. 
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   These equations are now decoupled (E and B have their own private equations),     

which certainly simplifies things, but in the process we've changed them from first to 

second order (notice all the squares). I know I said earlier that lower order implies easier 

to work with, but these second order equations aren't as difficult as they look. Raising 

the order has not made things more complicated; it's made things more interesting. 

       Here's one set of possible solutions. 

             E(x,t) = E0 sin [2π(ft − x / λ + φ)] ĵ    

            B(x,t) = B0 sin [2π(ft −  x/ λ + φ)] k̂ 

This particular example is one dimensional, but there are two dimensional solutions as well 

— many of them. The interesting ones have electric and magnetic fields that change in time. 

These changes then propagate away at a finite speed. Such a solution is an electromagnetic 

wave. 

Let's examine our possible solution in more detail. Find the second space and time 

derivatives of the electric field… 
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         Rearrange a bit. 

             f2λ2 =  1 /  μ0ε0 

I see a wave speed in there (fλ). We'll use c for this one since it's the first letter in 

the Latin word for swiftness — celeritas. 
c = 1 / √μ0ε0 

Very interesting. 

Given Maxwell's four equations (which are based on observation) we have shown that 

electromagnetic waves must exist as a consequence. They can have any 

amplitude E0 (with B0 depending on E0 as will be shown later), any wavelength λ, and be 

retarded or advanced by any phase φ, but they can only travel through empty space at one 

wave speed c. 

c = 1 / √μ0ε0 
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c = 299,792,458 m/s   

          In the words of Maxwell… 

         This velocity is so nearly that of light, that it seems we have strong reasons to  

conclude that light itself (including radiant heat, and other radiations if any) is an 

electromagnetic disturbance in the form of waves propagated through the electromagnetic 

field according to electromagnetic laws. 

 Poynting Theorem and Poynting Vector:  

 
Integrating this equation over a fixed volume V bounded by a closed surface S and 

applying Gauss's divergence theorem we get,  
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in Equation (5) represents the rate at which the total electromagnetic energy in 

volume Vis decreasing. Physical meaning of the term 

                                     
Now follows from the principle of conservation of energy.  

The rate of decrease of electromagnetic field energy within a certain volume is 

equal to the rate of work done by the field on the charges inside the given volume 

plus the rate of outflow of electromagnetic energy through the surface bounding 

the volume. This statement is known as Poynting' theorem.  

So the term 
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represents the rate of flow of electromagnetic energy outward through the surface s. 

 The vector ⃗s =⃗E×H⃗ represents the amount of electromagnetic energy 

flowing out normally, through unit area per unit time. This vector ⃗s is known 

as Poynting's vector. 

 

Differential form of Poynting's theorem: 

  

The work done by the electromagnetic field on the charges increases their 

mechanical energy. If we denote the mechanical energy density by uM then we can 

write 

 

∂uM  /  ∂ t  = rate of work done on charges per unit volume = ⃗E.⃗J 
 

 


	Applications of Electromagnetic Induction

