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Formula Study Sheet 
(i.e. formulas that you should know) 

 

 

Gradient theorem 

∫ (∇⃗⃗ 𝑓) ∙ 𝑑𝑙 
𝑟 𝑏

𝑟 𝑎

= 𝑓(𝑟 𝑏) − 𝑓(𝑟 𝑎) 

path P 
 

Divergence Theorem 

∫ (∇⃗⃗ ∙ 𝐹 ) 𝑑3𝑟
𝑉

= ∮ 𝐹 ∙ 𝑑𝑠 
𝑆(𝑉)

 

 

Stokes’s Theorem 

∫ (∇⃗⃗ × 𝐹 ) ∙ 𝑑𝑠 
𝑆

= ∮ 𝐹 ∙ 𝑑ℓ⃗ 
𝐶(𝑆)

 

 

Divergence of 1/r2 - point source 

∇⃗⃗ ∙
𝑟̂

𝑟2 = 4𝜋𝛿3(𝑟 )    &  ∇2 1

𝑟
= −4𝜋𝛿3(𝑟 ) 

 

Coulomb’s law 

𝐹 =
1

4𝜋𝜖0

𝑞1𝑞2

𝑟12
2  

 

Electric field of a point charge 𝑞 at 𝑟 ′ 

𝐸⃗ 𝑞 =
1

4𝜋𝜖0

𝑞

|𝑟 − 𝑟 ′|2
(𝑟 − 𝑟′)̂  

 

Electric field of a charge distribution 𝜌(𝑟 ) 

𝐸⃗ (𝑟 ) =
1

4𝜋𝜖0
∫

𝜌(𝑟 ′)

|𝑟 − 𝑟 ′|2
(𝑟 − 𝑟′)̂ 𝑑3𝑟′

𝑉

 

 

Potential of a point charge 𝑞 at 𝑟 ′ 

𝑉𝑞(𝑟 ) =
1

4𝜋𝜖0

𝑞

|𝑟 − 𝑟 ′|
 

 

Potential of a charge distribution 𝜌(𝑟 ) 

𝑉(𝑟 ) =
1

4𝜋𝜖0
∫

𝜌(𝑟 ′)

|𝑟 − 𝑟 ′|
𝑑3𝑟′

𝑉

 

 

 

Electric field and potential 

𝐸⃗ = −∇⃗⃗ 𝑉  &  𝑉(𝑟 ) = −∫ 𝐸⃗ ∙ 𝑑ℓ⃗ 
𝑟 

𝑟 0
 

 

Electric field of a plane of charge 

𝐸⃗ =
𝜎

2𝜖0
𝑛̂ 

 

Electric field across a plane of charge 

∆𝐸⊥ =
𝜎

𝜖0
   &  ∆𝐸∥ = 0 

 

Gauss’s law 

∇⃗⃗ ∙ 𝐸⃗⃗ =
𝜌(𝑟 )

𝜖0
  &  ∮ 𝐸⃗ ∙ 𝑑𝑠 

𝑆
=

𝑞𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑

𝜖0
 

 

Electrostatic field has no curl 

∇⃗⃗ × 𝐸⃗⃗ = 0 

 

Laplace’s equation 

∇2𝑉(𝑟 ) = 0 

 

Poisson’s equation 

∇2𝑉(𝑟 ) =
𝜌(𝑟 )

𝜖0
 

 

Electrostatic energy 

𝑈𝐸 =
𝜖0

2
∫ 𝐸⃗ 2 𝑑3𝑟 

 

Capacitor of capacitance 𝐶 

𝐶 =
𝑄

𝑉
  &  𝑈𝐸 =

1

2
𝐶𝑉2 

 

 

 


