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Unit-III 

Experiment of Induction 

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. 
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Farday’s Law of Electromagnetic Induction 

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 

 

∮ 𝐸. 𝑑𝑙= - 
𝜕ɸ

𝜕𝑡
 = - 

𝜕

𝜕𝑡
[ʃs B.n^dS] ……………(3) 

Equation (3) represents the Integral form of Faraday’s law of electromagnetic induction. 

When the circuit remains fixed and B changes then the derivative 
𝜕

𝜕𝑡
[ʃs B.n^dS] doesn’t 

depend on path C and so 
𝜕

𝜕𝑡
  can be taken inside the integral. 

   ∮ 𝐸. 𝑑𝑙=  - [ʃs 
𝜕B

𝜕𝑡
.n^dS] ……………..(4) 

According to curl stokes theorem;    

     ∮ 𝐸. 𝑑𝑙=  ʃs ∇ x E.n^dS ……….(5) 

 From (4) and (5);  ʃs ∇ x E.n^dS = - [ʃs 
𝜕B

𝜕𝑡
.n^dS]   

   𝜵 𝒙 E  = - 
𝝏𝑩

𝝏𝒕
 …………………(6) 

This is the Faraday's law of electromagnetic induction expressed in differential form and is 

the time-dependent generalisation of the statement of  ∇ x E= 0 for electrostatic fields. 

 

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. 

 

 
(Reference Book: Electricity and Magnetism by Ahmad & Lal) 

 
 


