
Answer on Question #44692-Physics-Electromagnetism 

A long solenoid of turn density 'n' carries a current 'I'. The magnetic field at a point which is at a axial 

distance R from one end of solenoid? Radius is also R 

Solution 

 

Number of turns per unit length: 𝑛 =
𝑁

𝐿
. 

Current circulating in ring of width 𝑑𝑥′: 𝑛𝐼𝑑𝑥′. 

Magnetic field on axis of ring: 

𝑑𝐵𝑥  =
𝜇0(𝑛𝐼𝑑𝑥′)
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𝑅2

[(𝑥 −  𝑥′)2 + 𝑅2]
3
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 . 

Magnetic field on axis of solenoid: 

𝐵𝑥 =
𝜇0(𝑛𝐼)𝑅2

2
∫

𝑑𝑥′

[(𝑥 − 𝑥′)2 + 𝑅2]
3
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𝑥2

𝑥1

=
𝜇0(𝑛𝐼)

2
[

𝑥 − 𝑥1

√(𝑥 − 𝑥1)2 + 𝑅2
−

𝑥 − 𝑥2

√(𝑥 − 𝑥2)2 + 𝑅2
]. 

𝑥 − 𝑥1 = 𝐿 + 𝑅, 𝑥 − 𝑥2 = 𝑅. 

As solenoid is long (𝐿 ≫ 𝑅) 

𝐿 + 𝑅

√(𝐿 + 𝑅)2 + 𝑅2
→

𝐿 + 𝑅

√(𝐿 + 𝑅)2
= 1. 

That’s why 

𝐵 =
𝜇0(𝑛𝐼)

2
[1 −

𝑅

√(𝑅)2 + 𝑅2
] =

𝜇0(𝑛𝐼)

2
[1 −

1

√2
]. 

Answer: 
𝝁𝟎(𝒏𝑰)

𝟐
[𝟏 −

𝟏

√𝟐
]. 
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