
Consider an instant when the ring 

partially overlaps with the magnetic 

field region (see Figure). At this 

instant, the speed of the ring is 𝑉𝑉, and 

the center of the ring is at a distance 𝑥𝑥 

from the magnetic field region border 

(𝑎𝑎 < 𝑥𝑥 < 𝑎𝑎).  

During time 𝑑𝑑𝑑𝑑 the ring will move 

distance  𝑉𝑉𝑉𝑉𝑉𝑉. The flux of the 

magnetic field through the ring will 

increase by 𝑑𝑑Φ = 𝐵𝐵𝐵𝐵𝐵𝐵 where 𝑑𝑑𝑑𝑑 is the area of the strip of the height 2√𝑎𝑎2 − 𝑥𝑥2 and width 𝑉𝑉𝑉𝑉𝑉𝑉: 

𝑑𝑑Φ = 2𝐵𝐵𝐵𝐵�𝑎𝑎2 − 𝑥𝑥2𝑑𝑑𝑑𝑑 

The magnitude of the EMF induced in the ring (Faraday’s Law): 

|𝜀𝜀| = �
𝑑𝑑Φ
𝑑𝑑𝑑𝑑 �

= 2𝐵𝐵𝐵𝐵�𝑎𝑎2 − 𝑥𝑥2 

The current in the ring (in counterclock direction) at this instant is: 

𝐼𝐼 =
𝜀𝜀
𝑅𝑅

=
2𝐵𝐵𝐵𝐵
𝑅𝑅

�𝑎𝑎2 − 𝑥𝑥2 

The magnitude of the force 𝑑𝑑𝐹⃗𝐹 on the current element 𝑑𝑑𝐿𝐿�⃗   (𝑑𝑑𝑑𝑑 = 𝑎𝑎 ∙ 𝑑𝑑𝑑𝑑) in the magnetic field: 

𝑑𝑑𝑑𝑑 = �𝐼𝐼 𝑑𝑑𝐿𝐿�⃗ × 𝐵𝐵�⃗ � = 𝐼𝐼𝐼𝐼𝐼𝐼 𝑑𝑑𝑑𝑑 

𝑑𝑑𝐹⃗𝐹 is directed towards the center of the circle. The “vertical” components of the forces on 

symmetrical ring elements cancel, and we are left with only “horizontal” components: 

𝑑𝑑𝑑𝑑𝑥𝑥 = 𝑑𝑑𝑑𝑑 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐼𝐼𝐼𝐼𝐼𝐼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑 

The net force on the ring is thus: 

𝐹𝐹 = 𝐼𝐼𝐼𝐼𝐼𝐼 ∫ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝜑𝜑
−𝜑𝜑   where 𝜑𝜑 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 �√𝑎𝑎

2−𝑥𝑥2

𝑎𝑎
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𝐹𝐹 = 2𝐼𝐼𝐼𝐼𝐼𝐼 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 2𝐼𝐼𝐼𝐼�𝑎𝑎2 − 𝑥𝑥2 



Since the current is 𝐼𝐼 = 2𝐵𝐵𝐵𝐵
𝑅𝑅
√𝑎𝑎2 − 𝑥𝑥2  we have: 

𝐹𝐹 =
4𝐵𝐵2𝑉𝑉
𝑅𝑅

(𝑎𝑎2 − 𝑥𝑥2) 

The direction of 𝐹⃗𝐹 is opposite to 𝑉𝑉�⃗ . By Newton’s Second Law: 
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Since 𝑥𝑥 decreases as the ring moves to the right 𝑑𝑑𝑑𝑑 = −𝑉𝑉𝑉𝑉𝑉𝑉 and  

𝑑𝑑𝑑𝑑 =
4𝐵𝐵2
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The change in the speed of the ring as it moves in the magnetic field entirely is: 
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