
 

 

Motional Electromotive Force (Motional EMF):  

Let us consider a straight conductor moving in a 
uniform magnetic field. Figure shows a rectangular 
conductor PQRS in which the conductor PQ is free 
to move. The rod PQ is moved towards the left with 
a constant velocity 𝒗 as shown in the figure. Assume 
that there is no loss of energy due to friction. PQRS 
forms a closed circuit enclosing an area that changes 
as PQ moves. It is placed in a uniform magnetic field 
B which is perpendicular to the plane of this system.  

If the length 𝑅𝑄 =  𝑥 and 𝑅𝑆 =  𝑙, the magnetic flux  
∅஻ enclosed by the loop PQRS will be,  

     ∅஻ = 𝐵𝐴 cos 𝜃 
     𝑜𝑟, ∅஻ = 𝐵𝐴       (𝜃 = 0଴) 
     𝑜𝑟, ∅஻ = 𝐵𝑙𝑥 − − − − − (1)       (𝐴 = 𝑙𝑥) 
Since 𝑥 is changing with time, the rate of change of flux ∅஻ will induce an emf given by: 
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       𝑜𝑟, 𝜀 = −𝐵𝑙𝑣 
       | 𝜺| = 𝑩𝒍𝒗 − − − − − −(𝟐) 
Equation (2) gives the required motional emf. 

In vector form:      𝜺ሬ⃗ = 𝒍(𝒗ሬሬ⃗ × 𝑩ሬሬ⃗ ) 

The direction of current is from P to Q in straight conductor and Q to P in external circuit. 

 We can induce emf by moving a conductor instead of varying the magnetic field, that is, by changing the 
magnetic flux enclosed by the circuit. 

 This gives the expression for induced emf developed in the conductor moving in the uniform magnetic 
field. Since it is due to the motion of conductor through the magnetic field, it is called motional emf. 

 The  induced emf is constant if  𝑣 is constant. Hence the emf in eq. (2) is a type direct-current. It’s not a 
very practical device because the rod eventually moves beyond the U-shaped conductor and loses contact, 
after which the current stops. 

The general form of Motional EMF: 
We can generalize the concept of motional emf for a conductor with any shape, moving in any magnetic field, 
uniform or not, 
For any closed conducting loop, the total emf is, 

𝜺 = ර൫𝒗ሬሬ⃗ × 𝑩ሬሬ⃗ ൯. 𝒅𝒍ሬሬሬሬ⃗  


