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Maxwell equations in differential form 

Gauss’s law for electricity 

∮ 𝑫 ∙ 𝒅𝑺 = 𝒒𝒆𝒏𝒄𝒍𝒐𝒔𝒆𝒅 

∮ 𝑫 ∙ 𝒅𝑺 = ∫ 𝜌𝑑𝑉
𝑽

 

∮ 𝑨 ∙ 𝒅𝑺 = ∫ 𝛁 ∙ 𝑨𝑑𝑉 Divergence theorem 

𝛁 ∙ 𝑫 = 𝜌 

 

Gauss’s law for magnetism 

 

∮ 𝑩 ∙ 𝒅𝑺 = 𝟎 

∫ 𝛁 ∙ 𝑩𝑑𝑉 = 0 Using Divergence theorem 

𝛁 ∙ 𝑩 = 𝟎 

Faraday’s law  

𝜀 = −
𝑑𝜙𝐵

𝑑𝑡
 

(here 𝜙𝐵 denotes the Magnetic flux) 

∮ 𝑬 ∙ 𝒅𝒍 = − ∫
∂𝑩

∂t
∙ 𝒅𝑺

𝑺

 

Stokes theorem ∮ 𝑨 ∙ 𝒅𝒍 = ∫ 𝛁 × 𝐀 ∙ 𝒅𝑺
𝑺

 

∫ 𝛁 × 𝐄 ∙ 𝒅𝑺
𝑺

= − ∫
∂𝑩

∂t
∙ 𝒅𝑺

𝑺

 

𝛁 × 𝐄 = −
∂𝐁

∂t
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Ampere’s Law 

∮ 𝑯 ∙ 𝒅𝒍 = I 

 

Maxwell’s addition to Ampere’s Law 

∮ 𝑯 ∙ 𝒅𝒍 = I +
𝑑𝜙𝐷

𝑑𝑡
 

∮ 𝑯 ∙ 𝒅𝒍 = I + ∫
∂𝑫

∂t
∙ 𝒅𝑺

𝑺

 

∮ 𝑯 ∙ 𝒅𝒍 = ∫ 𝑱 ∙ 𝒅𝑺
𝑺

+ ∫
∂𝑫

∂t
∙ 𝒅𝑺

𝑺

 

∫ 𝛁 × 𝐇 ∙ 𝒅𝑺
𝑺

= ∫ 𝑱 ∙ 𝒅𝑺
𝑺

+ ∫
∂𝑫

∂t
∙ 𝒅𝑺

𝑺
       Applying Stokes theorem 

𝛁 × 𝐇 = 𝑱 +
∂𝑫

∂t
 

Summary 

𝛁 ∙ 𝑫 = 𝜌 

𝛁 ∙ 𝑩 = 0 

𝛁 × 𝐄 = −
∂𝐁

∂t
 

𝛁 × 𝐇 = 𝐉 +
∂𝐃

∂t
 

For linear medium 

 

𝑩 = 𝜇𝑯, 𝐉 = σ𝐄, 𝐃 = 𝛜𝐄 

 

𝛁 ∙ 𝑬 =
𝜌

𝜖
 

𝛁 ∙ 𝑯 = 0 
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𝛁 × 𝐄 = −𝜇
∂𝐇

∂t
 

𝛁 × 𝐇 = σ𝐄 + 𝛜
∂𝐄

∂t
 

 

Website 

https://phet.colorado.edu/sims/html/faradays-law/latest/faradays-law_all.html 

 

https://phet.colorado.edu/sims/html/faradays-law/latest/faradays-law_all.html

