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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
 

 

Electromagnetic energy 

𝑈𝐸 =
𝜖0
2
∫ 𝐸⃗ 2 𝑑3𝑟 +

1

2𝜇0
∫ 𝐵⃗ 2 𝑑3𝑟 

 

Capacitor of capacitance 𝐶 

𝐶 =
𝑄

𝑉
  &  𝑈𝐸 =

1

2
𝐶𝑉2 

 

Fourier basis orthogonality relation 

∫ sin(𝑚𝑥) sin(𝑛𝑥) 𝑑𝑥
𝜋

0

=
𝜋

2
𝛿𝑚𝑛 

 

 



Legendre basis orthogonality relation 

∫ P𝑘(𝑥) P𝑙(𝑥) 𝑑𝑥
1

−1

=
2

2𝑘 + 1
𝛿𝑘𝑙 

 

Separation of variables: general solution forms 

for spherical symmetry 

𝑉(𝑟, 𝜃) = ∑(𝐴𝑛𝑟
𝑛 + 𝐵𝑛𝑟

−(𝑛+1))

∞

𝑛=0

𝑃𝑛(cos 𝜃) 

𝑉(𝑟, 𝜃) =

{
 
 

 
 ∑𝐶𝑛 (

𝑟

𝑅
)
𝑛

∞

𝑛=0

𝑃𝑛(cos𝜃)  for  𝑟 ≤ 𝑅

∑𝐶𝑛 (
𝑅

𝑟
)
𝑛+1∞

𝑛=0

𝑃𝑛(cos𝜃)  for  𝑟 ≥ 𝑅

 

 

Potential of an electric dipole 

𝑉(𝑟 ) =
1

4𝜋𝜖0

𝑝 ∙ 𝑟̂

𝑟2
 

 

Bound charge and polarization 

𝜌𝑏(𝑟 ) = −∇⃗⃗ ∙ 𝑃⃗ (𝑟 )    and    𝜎𝑏(𝑟 ) = 𝑃⃗ (𝑟 ) ∙ 𝑛̂ 

 

Electric displacement field: 𝐷⃗⃗ = 𝜖0𝐸⃗ + 𝑃⃗  

 

“Gauss’s law” for electric displacement field 

 ∇⃗⃗ ∙ 𝐷⃗⃗ = 𝜌𝑓𝑟𝑒𝑒   &  ∮ 𝐷⃗⃗ ∙ 𝑑𝑠 
𝑆

= 𝑞𝑓𝑟𝑒𝑒,𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 

 

Boundary conditions for dielectrics 

(𝐷1⃗⃗ ⃗⃗ − 𝐷2⃗⃗ ⃗⃗  )⊥ = 𝜎𝑓𝑟𝑒𝑒 

(𝐷1⃗⃗ ⃗⃗ − 𝐷2⃗⃗ ⃗⃗  )∥ = (𝑃1
⃗⃗  ⃗ − 𝑃2⃗⃗⃗⃗ )∥ 

 

Linear dielectrics 

𝐷⃗⃗ = 𝜖𝐸⃗   with 𝜖 = 𝜖0(1 + 𝜒𝑒) 

∇⃗⃗ ∙ 𝐸⃗⃗ =
𝜌𝑓𝑟𝑒𝑒

𝜖
 

------------------------------------------------------------ 

Magnetostatics 

 

Lorentz force law:  𝐹 = 𝑞(𝐸⃗ + 𝑣 × 𝐵⃗ ) 

 

Force on a line current:  𝐹 = 𝐼 ∫𝑑𝑙 × 𝐵⃗  

 

Biot-Savart law 

𝐵⃗ (𝑟 ) =
𝜇0
4𝜋
∫

𝐽 (𝑟 ′) × (𝑟 − 𝑟′)̂

|𝑟 − 𝑟 ′|2
𝑑3𝑟′

𝑉

 

 

Ampère’s law 

∇⃗⃗ × 𝐵⃗ = 𝜇0 𝐽   &  ∮ 𝐵⃗ ∙ 𝑑𝑙 
𝑙𝑜𝑜𝑝

= 𝜇0 𝐼𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 

 

No magnetic monopoles law:  ∇⃗⃗ ∙ 𝐵⃗ = 0 

 

Magnetic vector potential:  𝐵⃗ = ∇⃗⃗ × 𝐴  

 

Coulomb gauge definition:  ∇⃗⃗ ∙ 𝐴 = 0 

 

Vector potential in Coulomb gauge 

∇2𝐴 = −𝜇0 𝐽    

𝐴 (𝑟 ) =
𝜇0
4𝜋
∫

𝐽 (𝑟 ′)

|𝑟 − 𝑟 ′|
𝑑3𝑟′

𝑉

 

 

Magnetic dipole potential (vector) 

𝐴 𝑑𝑖𝑝𝑜𝑙𝑒(𝑟 ) =
𝜇0
4𝜋

𝑚⃗⃗ × 𝑟̂

𝑟2
 

 

Magnetic moment (current 𝐼, area 𝑎 ): 𝑚⃗⃗ = 𝐼𝑎  

 

Bound current and magnetization 

𝐽 𝑏 = ∇⃗⃗ × 𝑀⃗⃗    and   𝐾⃗⃗ 𝑏 = 𝑀⃗⃗ × 𝑛̂  

 

Auxiliary field:  𝐻⃗⃗ =
1

𝜇0
𝐵⃗ − 𝑀⃗⃗   

“Ampère’s law” for the auxiliary field 

∇⃗⃗ × 𝐻⃗⃗ = 𝐽 𝑓𝑟𝑒𝑒   &   ∮ 𝐻⃗⃗ ∙ 𝑑𝑙 
𝑙𝑜𝑜𝑝

= 𝐼𝑓𝑟𝑒𝑒,𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑  

 

------------------------------------------------------------ 

Electrodynamics 

 

Faraday’s law:      ∇⃗⃗ × 𝐸⃗ = −
𝑑

𝑑𝑡
𝐵⃗  

 

Magnetic flux:      𝜙 = ∮ 𝐵⃗ ∙ 𝑑𝑠 
𝑠𝑢𝑟𝑓𝑎𝑐𝑒−𝑆

= 𝐿𝐼 

 

Induced EMF voltage:    ℰ𝑆−𝑏𝑜𝑟𝑑𝑒𝑟 = −
𝑑

𝑑𝑡
𝜙 

 

Ohm’s law:    𝐽 = 𝜎𝐸⃗  

 

Energy stored in an inductor 𝐿:  𝑈𝐿 =
1

2
𝐿𝐼2 

 

Ampere’s improved law: ∇⃗⃗ × 𝐵⃗ = 𝜇0𝐽 + 𝜀0𝜇0
𝑑

𝑑𝑡
𝐸⃗  


