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Torque on a Magnetic Dipole (Bar Magnet) in Uniform Magnetic Field:

The forces of magnitude mB act opposite to each other 
and hence net force acting on the bar magnet due to 
external uniform magnetic field is zero.  So, there is no 
translational motion of the magnet.

However, the forces are along different lines of action and constitute 
a couple.  Hence the magnet will rotate and experience torque. 
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Torque = Magnetic Force x     distance

t = mB (2l sin θ)

=   M B sin θ

t =   M x B

Direction of Torque is perpendicular and into the plane containing M and B.



Work done on a Magnetic Dipole (Bar Magnet) in Uniform Magnetic Field:
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dW = tdθ

= M B sin θ dθ

W  = ∫ M B sin θ dθ

W = M B (cosθ1 - cos θ2)
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If Potential Energy is arbitrarily taken zero when the dipole is at 90°, then P.E in rotating the dipole and 
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If Potential Energy is arbitrarily taken zero when the dipole is at 90°, then P.E in rotating the dipole and 
inclining it at an angle θ is

Potential Energy = - M B cos θ

Note:

Potential Energy can be taken zero arbitrarily at any position of the dipole.



Torque on a Magnetic Dipole (Bar Magnet) in Uniform Magnetic Field:



Determination of magnitude of magnetic field using a compass needle



Determination of magnitude of magnetic field using a compass needle
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Numerical
Question: Answer the following:
a) A magnetic needle is placed in a uniform magnetic field with its axis tilted w.r.t its position of 

stable equilibrium. Deduce an expression for the time period of (small amplitude) oscillation of 
this magnetic dipole about an axis, passing through its centre and perpendicular to its plane.

b) If this magnet is replaced by a combination of two similar bar magnets, placed over each 
other, how will the time period vary?
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MCQ Ques

1. A bar magnet is held perpendicular to a uniform field. If the couple acting on the magnet is to be halved, by 
rotating it, the angle by which it is to be rotated is
(a) 30°
(b) 60°
(c) 45°
(d) 90°

2. A magnetic needle is kept in a non-uniform magnetic field. It experiences
(a) a torque but not a force.
(b) neither a force nor a torque.(b) neither a force nor a torque.
(c) a force and a torque.
(d) a force but not a torque.
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