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Magnetostatic Fields & Currents

Governing Eqs. Magnetic Fields Around Current Elements
Biot-Savart Law

𝑑𝑑𝐻𝐻 =
𝐼𝐼𝐼𝐼ℓ × �𝑎𝑎𝑅𝑅
4𝜋𝜋𝑅𝑅2

=
𝐼𝐼𝐼𝐼ℓ × 𝑅𝑅

4𝜋𝜋 𝑅𝑅
3[ ]

0
H J
B

B Hµ

∇× =
∇• =
=

 



 

Conditions
1. 𝜔𝜔 = 0
2. Size ≪ 𝜆𝜆

Magnetic Dipole Moment
𝑚𝑚 = 𝜋𝜋𝑎𝑎2𝐼𝐼 �𝑎𝑎n

𝐹⃗𝐹 = 𝑄𝑄𝐸𝐸 + 𝑄𝑄 𝑢𝑢 × 𝐵𝐵
Lorentz Force Law

Magnetic Dipole

Differential Force

𝑑𝑑 𝑑𝑑𝐹⃗𝐹1 =
𝜇𝜇
4𝜋𝜋

𝐼𝐼1𝑑𝑑ℓ1 × 𝐼𝐼2𝑑𝑑ℓ2 × �𝑎𝑎21
𝑅𝑅212

Acts to reduce 𝛼𝛼 and put 𝑚𝑚
and 𝐵𝐵 in same direction.

Line Current

𝐻𝐻 = �
𝐿𝐿

𝐼𝐼𝐼𝐼ℓ × �𝑎𝑎𝑅𝑅
4𝜋𝜋𝑅𝑅2

Surrface Current

𝐻𝐻 = �
𝑆𝑆

𝐾𝐾𝑑𝑑𝑑𝑑 × �𝑎𝑎𝑅𝑅
4𝜋𝜋𝑅𝑅2

Volume Current

𝐻𝐻 = �
𝑉𝑉

𝐽𝐽𝑑𝑑𝑑𝑑 × �𝑎𝑎𝑅𝑅
4𝜋𝜋𝑅𝑅2

Magnetic Field

𝐻𝐻 =
𝑚𝑚

4𝜋𝜋𝑟𝑟3
2 cos 𝜃𝜃 �𝑎𝑎𝑟𝑟 + sin 𝜃𝜃 �𝑎𝑎𝜃𝜃

Force Magnetic Fields Put on Current Elements
Differential Current
𝑑𝑑𝐹⃗𝐹 = 𝐼𝐼𝐼𝐼ℓ × 𝐵𝐵

Line Current

𝐹⃗𝐹 = �
𝐿𝐿
𝐼𝐼𝐼𝐼ℓ × 𝐵𝐵

Surrface Current

𝐻𝐻 = �
𝑆𝑆
𝐾𝐾𝑑𝑑𝑑𝑑 × 𝐵𝐵

Volume Current

𝐻𝐻 = �
𝑉𝑉
𝐽𝐽𝑑𝑑𝑑𝑑 × 𝐵𝐵

Force Between Two Current 
Elements

Magnetic Torque & Moment

Total Force

𝐹⃗𝐹1 =
𝜇𝜇𝐼𝐼1𝐼𝐼2
4𝜋𝜋
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𝑑𝑑ℓ1 × 𝑑𝑑ℓ2 × �𝑎𝑎21
𝑅𝑅212

Torque
𝑇𝑇 = 𝑚𝑚 × 𝐵𝐵 Angle Dependence

𝑇𝑇 = 𝐵𝐵𝐼𝐼𝐼𝐼 sin𝛼𝛼
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𝐻𝐻∞ =
𝐾𝐾 × �𝑛𝑛

2𝐻𝐻∞ = ⁄𝐼𝐼 �𝑎𝑎𝜙𝜙 2𝜋𝜋𝜋𝜋

𝐻𝐻 𝐼𝐼𝐼𝐼ℓ Right 
Hand 
Rule
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Magnetic Dipole Moment
𝑚𝑚 = 𝑆𝑆𝑆𝑆 �𝑎𝑎n A/m
𝑆𝑆 is area of loop
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