
Force and Torque on a Current Loop 
 
We can represent current carrying loops as a series of straight line segments. Even 
curved segments can be approximated as straight line segments. Recall that while 
the total force on any current carrying loop is zero, the force on any particular 
segment of such a loop is θsinBIF l=  
 
Force on a Semicircular Conducting Loop in a Uniform B Field 
 
Consider: 
 
 
 
 
 
 
 
 
 
 
 
 
 
We’ll treat this as two connected conductors: the (1) straight current-carrying 
element along the bottom and the (2) curved element along the top.  
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Given that kIRBF ˆ21 =

r
and kIRBF ˆ22 −=

r
 the forces are equal and opposite but 

constitute a torque couple.  
 
In this case it might be slightly problematic to easily choose an axis to convert this 
torque into smooth rotation. But it we were more judicious in choosing the shape of 
our current loop this would be easier.  
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Torque on a current loop in a Uniform Magnetic Field 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Consider a rectangular loop with a uniform magnetic field as shown above. Let’s 
first examine the force on right side (ℓ = a) of the loop due to the current moving 
ccl around the loop.  
 
The RHR gives the direction. The magnitude is IaBIaBFa == θsin  
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On the left side of the loop, IaBFa = but in the 
opposite direction  
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It is clear from looking at both of the a sides of the loop that netaaa FFF ==+− 0 .  
 
Again even though the forces are equal an opposite in the situation shown they 
constitute a torque couple with the given axis around which the loop is free to 
rotate. We shall exploit this presently.  
 
Now let’s consider the b sides of the loop (top and bottom where ℓ = b) 
 
 
This is a view of a b side from the bottom of the loop. A “side” view. 
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The first condition of equilibrium is met for both sides of the loop but the second 
condition of equilibrium is not because while Fb and –Fb lie along the same line Fa and 
–Fa do not.   
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Consider the sketch above. The perspective is the plane of the loop viewed from 
the bottom 
 

• The current is coming out of the page on the lower left side of the loop 
• The current goes from lower left to upper right along the bottom side of 

the loop (view) 
• The current goes into the page at the upper right side of the loop 
• The current goes from upper right to lower left along the top of the loop 

(hidden) 
• Fa and –Fa are equal and opposite everywhere along side a but do not share a 

common line of action 
• Fb and –Fb are equal and opposite everywhere along side b and do share a 

common line of action 
• Recall that when the second condition of equilibrium is not met that a torque 

is produced 
• FR

rr
×=Γ = F × distance 

• Fa and –Fa produce a couple that exerts a torque about the rotational axis of 
the loop  
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• The torque produced by Fa and –Fa about the rotational axis of the loop is 
equal to either both forces multiplied by ½ d or either force multiplied by d.  

• The torque will have a maximum value when the loop is vertical and a minimum 
value when the loop is horizontal (as d → 0). Be sure to verify this for 
yourself.  

• Recalling that the force on either side a of the loop is IℓB or in this case 
IaB 
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• The torque has a maximum value when α = 900 (plane of the loop parallel to 

B) and a minimum value when α = 00 (plane of the loop perpendicular to B) 
• The torque tends to rotate the loop in the direction of decreasing α 
• Since the area of the loop is ab, A = ab and 
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• The quantity IA is known at the magnetic moment of the loop, 
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The magnetic moment is a vector that is parallel to A.  
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We define vector A 
perpendicular to the 
plane of the loop.  
 
The magnitude of A is 
the area of the loop 
and direction is 
determined by RHR 

 
For a circular loop of radius r it can be shown that: 
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For multiple loops of any geometry the total torque is equal to the sum of the 
torque contributions from the individual loops, hence απα sinsin 2 BrnInIAB ==Γ  
or Bn

rr
×=Γ µ where n is the number of loops. 
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Example 5   
 
A solenoid of 30 turns with a radius r =0 .05m has a 5 amp current in its coils. It is 
placed in a B field of 1.2T as shown below. Find the magnetic moment and the torque 
generated by the B field on this coil.  
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     30 turns 
 
 
  
  
To find the magnetic moment 
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218.1 mA ⋅=µr  in the + k̂  direction 
 
To find the torque 
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30 loops 

Rotates the loop 
as shown 
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or we can use the magnetic moment 
 
 αµ sinB=Γ  
 
 ( )( )( ) mNTmA ⋅=⋅=Γ 41.112.118.1 2  
 
What force would be required to hold the coils ⊥ to the field if applied to opposite 
edges of the coil? 
 
 ( )( )( ) ( )( ) NFFmNFm 1.141.41.105.02 =→=⋅→=Γ  
 
An interesting way of looking at this current carrying loop in a magnetic field is 
from the perspective of energy. Is there any change in kinetic or potential energy 
here? Even though magnetic forces do no work in displacing particles traveling in B 
fields, here work is obviously done because the loop has a higher potential energy 
when α = 900 than it does when α = 00 .  
 
We will define the potential energy of any current carrying loop in a magnetic field 
to be: 
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So for this particular loop 
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