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Governing Equations for Classical Electrodynamics

Integral Form Differential Form Name
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𝑄𝑄e 𝑡𝑡 = �
𝑆𝑆

𝐷𝐷 𝑡𝑡 ⋅ 𝑑𝑑𝑠𝑠 = �
𝑉𝑉

𝜌𝜌v 𝑡𝑡 𝑑𝑑𝑑𝑑 ∇ ⋅ 𝐷𝐷 𝑡𝑡 = 𝜌𝜌v 𝑡𝑡 Gauss’ Law

�
𝑆𝑆

𝐵𝐵 𝑡𝑡 ⋅ 𝑑𝑑𝑠𝑠 = 0 ∇ ⋅ 𝐵𝐵 𝑡𝑡 = 0 Gauss’ Law for Magnetic Fields

𝑉𝑉emf 𝑡𝑡 = �
𝐿𝐿

𝐸𝐸 𝑡𝑡 ⋅ 𝑑𝑑ℓ = −�
𝑆𝑆

𝜕𝜕𝐵𝐵 𝑡𝑡
𝜕𝜕𝜕𝜕

⋅ 𝑑𝑑𝑠𝑠 ∇ × 𝐸𝐸 𝑡𝑡 = −
𝜕𝜕𝐵𝐵 𝑡𝑡
𝜕𝜕𝜕𝜕

Faraday’s Law

𝐼𝐼 𝑡𝑡 = �
𝐿𝐿

𝐻𝐻 𝑡𝑡 ⋅ 𝑑𝑑ℓ = �
𝑆𝑆

𝐽𝐽 𝑡𝑡 +
𝜕𝜕𝐷𝐷 𝑡𝑡
𝜕𝜕𝜕𝜕

⋅ 𝑑𝑑𝑠𝑠 ∇ × 𝐻𝐻 𝑡𝑡 = 𝐽𝐽 𝑡𝑡 +
𝜕𝜕𝐷𝐷 𝑡𝑡
𝜕𝜕𝜕𝜕

Ampere’s Circuit Law

�
𝑆𝑆

𝐽𝐽 𝑡𝑡 ⋅ 𝑑𝑑𝑠𝑠 = −
𝜕𝜕𝑄𝑄e 𝑡𝑡
𝜕𝜕𝜕𝜕 ∇ ⋅ 𝐽𝐽 𝑡𝑡 = −

𝜕𝜕𝜌𝜌v 𝑡𝑡
𝜕𝜕𝜕𝜕 Continuity of Current

𝐷𝐷 𝑡𝑡 = 𝜀𝜀 𝑡𝑡 ∗ 𝐸𝐸 𝑡𝑡 Electric Response
𝐵𝐵 𝑡𝑡 = 𝜇𝜇 𝑡𝑡 ∗ 𝐻𝐻 𝑡𝑡 Magnetic Response Constitutive Relations
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𝑄𝑄e = �
𝑆𝑆

𝐷𝐷 ⋅ 𝑑𝑑𝑠𝑠 = �
𝑉𝑉

𝜌𝜌v𝑑𝑑𝑑𝑑 ∇ ⋅ 𝐷𝐷 = 𝜌𝜌v Gauss’ Law

�
𝑆𝑆

𝐵𝐵 ⋅ 𝑑𝑑𝑠𝑠 = 0 ∇ ⋅ 𝐵𝐵 = 0 Gauss’ Law for Magnetic Fields

𝑉𝑉emf = �
𝐿𝐿

𝐸𝐸 ⋅ 𝑑𝑑ℓ = −�
𝑆𝑆

𝑗𝑗𝑗𝑗𝐵𝐵 ⋅ 𝑑𝑑𝑠𝑠 ∇ × 𝐸𝐸 = −𝑗𝑗𝑗𝑗𝐵𝐵 Faraday’s Law

𝐼𝐼 = �
𝐿𝐿

𝐻𝐻 ⋅ 𝑑𝑑ℓ = �
𝑆𝑆

𝐽𝐽 + 𝑗𝑗𝑗𝑗𝐷𝐷 ⋅ 𝑑𝑑𝑠𝑠 ∇ × 𝐻𝐻 = 𝐽𝐽 + 𝑗𝑗𝑗𝑗𝐷𝐷 Ampere’s Circuit Law

�
𝑆𝑆

𝐽𝐽 ⋅ 𝑑𝑑𝑠𝑠 = −𝑗𝑗𝑗𝑗𝑄𝑄e ∇ ⋅ 𝐽𝐽 = −𝑗𝑗𝑗𝑗𝜌𝜌v Continuity of Current

𝐷𝐷 = 𝜀𝜀 𝐸𝐸 Electric Response
𝐵𝐵 = 𝜇𝜇 𝐻𝐻 Magnetic Response Constitutive Relations

Parameter Definitions

𝐸𝐸 V/m    Electric Field Intensity
𝐷𝐷 C/m2    Electric Flux Density
𝐻𝐻 A/m     Magnetic Field Intensity
𝐵𝐵 W/m2  Magnetic Flux Density
𝐽𝐽 A/m2      Electric Current Density
𝜌𝜌v C/m3     Volume Charge Density
𝜀𝜀 F/m         Permittivity
𝜇𝜇 H/m        Permeability
𝜎𝜎 ⁄1 Ω ⋅ m  Electrical Conductivity

Constants
Free Space Permittivity 𝜀𝜀 = 𝜀𝜀0 𝜀𝜀r

𝜀𝜀0 = 8.8541878176 × 10−12 F/m

Free Space Permeability 𝜇𝜇 = 𝜇𝜇0 𝜇𝜇r
𝜇𝜇0 = 4𝜋𝜋 × 10−7 H/m
𝜇𝜇0 = 1.2566370614 × 10−6 H/m

Free Space Impedance 𝜂𝜂0 ≈ 120𝜋𝜋 Ω
𝜂𝜂0 = 376.73031346177 Ω

Speed of Light in Vacuum 𝑐𝑐0 = 299,792,458 m/s

Lorentz Force Law

Sign Convention
Negative sign convention

exp −𝑗𝑗𝑗𝑗𝑗𝑗

𝐹⃗𝐹 = 𝑞𝑞𝐸𝐸 + 𝑞𝑞 𝑣⃗𝑣 × 𝐵𝐵
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