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MAGNETIC FLUX  

The magnetic flux passing through a loop of area A is defined 

as  

ΦB =�⃗⃗� ·𝑨 ⃗⃗  ⃗     [for uniform �⃗⃗�  ]  

Or, φ = BA cosθ = 𝐵⊥A 

where 𝐵⊥ is the component of the magnetic field B 

perpendicular to the face of the loop. and θ is the angle 

between the direction of the magnetic field and the vector 

representing area. Direction of area vector is outward normal 

to the face of the loop(see Fig.1).  

 

 

   Fig-1 

If the surface is not plane, we can divide 'any surface into  

elements of area dA (as shown in Fig.2). For each element we 

determine 𝐵⊥ the component of normal to the surface at the 

position of that element, as shown. From the figure, 

 𝐵⊥ = 𝐵 cos∅ , 

where φ is the angle between the direction of B and a line  
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perpendicular to the surface. In general, this component varies  

from point to point on the surface.  

 

 

   Fig-2 

 

Faraday's Law of Electromagnetic Induction : 

On the basis of several experiment observations, Michael  

Faraday came to the following conclusions.  
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I. Whenever there is a relative motion between a magnet  

(source of magnetic field) and a closed conducting loop,  

electric current appears in the loop. It happens because of the  

change in magnetic flux associated with the loop.  

2. Since e.m.f causes current in a circuit. when loop and 

magnet  

are brought in relative motion current nows in. the loop. This  

implies that an e.m.f. is set up in the loop. This e.m.f. is 

known  

as induced e.m.f. and its magnitude is directly proportional to  

the rate of change of magnetic flux with time.  

Now, we come to the Faradays's law of electromagnetic  

induction. In mathematical form induced e.m.f. can be given 

by the expression  

           

As such, Faraday's law in itself is complete to tell the  

magnitude and polarity of induced e.m.f. But Lenz's rule is  

commonly used to determine the polarity of induced e.m.f. or  

direction of induced current.  

 

LENZ'S LAW  

Direction of the Induced Current in a Circuit  

Lenz's law states that "when the magnetic flux through a loop  
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Changes, a current is induced in the loop such that the 

magnetic field due to the induced current opposes the change 

in the magnetic flux through the loop".  

The above rule can be systematically applied as follows to  

determine the direction of the induced currents.  

• Identify the' loop in which the induced current is to be  

determined.  

• Determine the direction of the magnetic field in this loop  

(i.e., in or out of the loop).  

• The direction of flux is the same as the direction of the  

magnetic field. Determine if the flux through the loop is  

increasing or decreasing (because of change in area or  

change in B).  

Choose the appropriate current in the loop that will oppose the  

change in flux.  

• If the flux is into the paper and increasing the flux due to the  

induced current should be out of the paper.  

• If the flux is into the paper and decreasing, the flux due to  

the induced current should be into the paper.  

• If the flux is out of the paper and increasing, the flux due to  

the induced current should be into the paper.  

• If the flux is out of the paper and decreasing, the flux due to  

the induced current should be out of the paper.  

The above description is the physical interpretation of Lenz's  
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law. We can determine the direction of the induced current  

mathematically by simply applying Lenz's law 

 

with the appropriate conventions.  

The right hand sign convention used is as follows.  

• For counter clockwise current, emf. is positive.  

• For clockwise current, emf is negative.  

• Magnetic flux out of the paper is positive.  

• Magnetic flux into the plane of the paper is negative.  

• The rate of change of an increasing positive flux is positive.  

• The rate of change of a decreasing positive flux is negative.  

• The rate of change of an increasing negative flux is negative.  

• The rate of change of a decreasing negative flux is positive.  
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MOTIONAL ELECTROMOTIVE FORCE  

Fig. 8.39 shows a moving rod in uniform magnetic field �⃗�   

directed into the page. If a straight conductor is moving in a  

magnetic field electrons inside it experience a force             

𝐹 = 𝑒(𝑣 × �⃗� ) 

and accumulate at end of the conductor. Thus, an electric field 

is established across its ends. The 𝑒(𝑣 × �⃗� )  is balanced by eE 

in the opposite direction, at equilibrium.  
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   Fig-8.50 
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SELF-INDUCTANCE  

When current is present in a circuit, it sets up a magnetic field 

that causes a magnetic flux through the same circuit; this flux 

changes when the current changes. Thus any circuit that 

carries a varying current has an emf. induced in it by the 

variation in its own magnetic field. Such an emf. is called a 

self-induced emf. By Lenz's law, a self-induced emf. always 

opposes the change in the current that causes the emf. and so 

tends to make it more difficult for variations in the  

current to occur. For this reason, self-induced emf s can be of 

great importance whenever there is varying current  

Self-induced emf s can occur in any circuit, since there is  

always some magnetic flux: through the closed loop of a 

current-carrying circuit. But the effect is greatly enhanced if 

the circuit includes a coil with N turns of wire (as shown in 

Fig. 8.92). As a result of the current i, there is an average 

magnetic flux φB through each turn of the coil. In analogy to 
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equation  

 

     Fig-8.92 

 

     Fig-8.93 
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The minus sign in the equation is a reflection of Lenz's law; it  

says that the self-induced emf in a circuit opposes any change 

in the current in that circuit.  

Equation (iii) also states that the self-inductance of a circuit is  

the magnitude of the self-induced emf per unit rate of change 

of current. This relationship makes it possible to measure an 

unknown self-inductance in a relatively simple way: Change 

the current in the circuit at a known rate di/dt, measure the 

induced emf and take the rat io to determine L.  
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Mutual Induction: 

 

Let a current of i1 ampere flow in the primary coil. Let, due to 

this current, the magnetic flux linked with each turn of the 

secondary coil be φ2. If N2 be the number of turns in the 

secondary coil, then the number of flux-linkages in the coil be 

N2φ2. This number is proportional to the current i1 flowing in 

the primary coil, that is, 

  N2φ2 ∝ i1 

Or,    N2φ2 = M i1 , 

Where, M is a constant called the ‘coefficient of mutual 

induction’ or ‘mutual inductance’ of the two coils. 

From the above equation, we have 

  M = 
𝑁2∅2

𝑖1
 

If i1 =1, then M = N2φ2 . 

Hence, the coefficient of mutual induction of two coils is 

equal to the number of magnetic flux-linkages in one coil 

when a unit current flows in the ‘other’. 
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If, on changing the current in the primary coil, the emf 

induced in the secondary coil be e2, then according to 

Faraday’s law, we have 

 e2 = −
𝑁2∆∅2

∆𝑡
= −

∆(𝑁2∅2)

∆𝑡
 , 

Where, ∆∅2/∆𝑡 is the rate of change of current in the 

secondary coil (due to change of current in the primary coil ) 

But 𝑁2∅2 = M i1 . 

∴ 𝑒2 = −
∆(𝑀𝑖1)

∆𝑡
= −𝑀

∆𝑖1

∆𝑡
 . 

Where, 
∆𝑖1

∆𝑡
 is the rate of change of current in the primary coil. 

The negative sign indicates that the direction of emf induced 

in the secondary coil is always such that it opposes any 

change in current in the primary coil.   

From the above expression, we have  

  M = −
𝑒2

∆𝑖1/∆𝑡
 . 

If , 
∆𝑖1

∆𝑡
 =1 , then M = 𝑒2 (numerically). Hence, the coefficient 

of mutual induction of two coils is equal to the numerical 

value of induced emf in one coil when the rate of change of 

current in the other coil is unity. 

SI unit of coefficient of mutual inductance: Henry (H). 

Thus, the mutual inductance of two coils is 1 henry when an  

Induced emf of 1 volt is set up in one of them due to a current 

changing at the rate of 1 ampere per second in the other. That 

is  
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  1 henry = 
1 𝑣𝑜𝑙𝑡

1 𝑎𝑚𝑝𝑒𝑟𝑒/𝑠𝑒𝑐𝑜𝑛𝑑
 

 

Mutual Inductance of two Coaxial Solenoids : 

• Let us consider a long air-cored solenoid P (primary) of  

length l and area of cross-section A, having N1 turns( Fig-9).  

 

   Fig-9 

• Let a shorter secondary coil S having N2 be wound 

closely over the central portion of the primary coil P. 

• Let i1 be the current in the primary.  

• The magnitude of the magnetic field �⃗�  inside the primary 

is, in SI unit, given by B = 𝜇0
𝑁1

𝑙
 𝑖1. 

• The magnetic flux linked with each turn of the secondary 

is  ∅2 = 𝐵𝐴 =  𝜇0
𝑁1

𝑙
 𝑖1𝐴 , 

Where A is the area of cross-section of the secondary       

( although it is almost the same as of the primary) 

By definition, the mutual inductance of the two solenoids 

is  

 M =  
𝑁2∅2

𝑖1
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Putting the above value of ∅2, we have 

  M= 
𝜇0𝑁1𝑁2 𝐴

𝑙
 

If n1 be the number of turns per unit length in the primary, 

then n1 = N1/l , and we have 

 M = 𝝁𝟎𝒏𝟏𝑵𝟐𝑨 

 

Eddy currents : 

Induced electromotive force is produced in the coil when there is a 

change in the magnetic flux linked with that coil. Eddy currents are 

named so because the current looks like eddies or whirlpools. When a 

conductor is placed in the changing magnetic field, the induced 

current in the conductor is termed as Eddy currents. We can define it 

as: 

Eddy currents are loops of electrical current induced within 

conductors by a changing magnetic field in the conductor according 

to Faraday’s law of induction. Eddy currents flow in closed loops 

within conductors, in planes perpendicular to the magnetic field. 

Like Lenz’s law, there are lots of experiments done to explain the 

eddy currents. The first test showed that inside a solenoid a soft iron 

core is introduced and it is connected to the alternating electromotive 

force. When the metallic disc is placed over the soft iron core, the 

circuit is switched on and when the circuit is turned on the metallic 

disc is thrown up away from the iron core. 

Primarily, eddy currents will be introduced in the material, when an 

electrically conductive material is placed in the coils magnetic field 

an electromagnetic induction occurs. 
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The magnitude of the eddy currents produces a large current since the 

resistance of the metallic conductor becomes low. They may produce 

undesirable effects if the large eddy current is allowed to in the core 

of a choke coil, transformer, etc. 

By making use of a laminated core, the eddy currents produced in the 

core of a transformer are reduced. In the present day, electric brakes 

are provided on the trains in addition to those vacuum brakes. 

 

 

 


