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An inductor is a device that
can store and discharge 
magnetic energy. It generates 
potential so as to oppose a change in current. 
They can generate very high voltages to do this!

Magnetostatic Materials & Devices
Classes of Materials Boundary Conditions

Diamagnetic – No permanent magnetic moment. Very 
weak response to a magnetic field. Dipoles align to
oppose applied field.
Paramagnetic – Weak magnetic response to applied 
field, but not permanent.
Ferromagnetic – Large permanent magnetic moments. 
Strongly magnetized by an applied field.
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Analysis of Inductors
1. Choose coordinate system.
2. Assume inductor carries current 𝐼𝐼0.
3. Calculate magnetic field intensity 𝐻𝐻.

a) If symmetry exists, use Ampere’s circuit 
law: 𝐼𝐼 = ∫𝐿𝐿 𝐻𝐻 � 𝑑𝑑ℓ

b) Otherwise, use Biot-Savart law
4. Calculate 𝐵𝐵 from 𝐻𝐻 using 𝐵𝐵 = 𝜇𝜇𝐻𝐻.
5. Calculate flux using 𝜓𝜓 = ∬𝑆𝑆𝐵𝐵 � 𝑑𝑑𝑠𝑠
6. Calculate inductance 𝐿𝐿 as
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The Solenoid
General Case
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Diagmagnetic
𝜒𝜒𝑚𝑚 < 0, 𝜇𝜇r ≥ 1.0

Paramagnetic
𝜒𝜒𝑚𝑚 > 0, 𝜇𝜇r ≥ 1.0

Ferromagnetic
𝜒𝜒𝑚𝑚 ≫ 0, 𝜇𝜇r ≫ 1.0

Nonlinear

𝑊𝑊m =
1
2
�

𝑉𝑉
𝜇𝜇 𝐻𝐻

2
𝑑𝑑𝑑𝑑

Inductance 𝑳𝑳

Like flux, but flux linkage 
accounts for multiple loops.
𝜆𝜆 = 𝑁𝑁𝑁𝑁 = 𝐿𝐿𝐿𝐿 = ⁄2𝑊𝑊m 𝐼𝐼
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