
Statics

Coulombs law

The force F on a point charge q1 at the point r1
caused by a point charge q2 at the point r2

F =
q1q2

4πε0|r1 − r2|2
(r1 − r2)

|r1 − r2|

Electric Field Strength

From a point charge q in r′

E(r) =
q

4πε0R2
eR

From charge distribution

E(r) =

∫
1

4πε0R2
eRdq(r

′),

dq(r′) =


ρtot(r

′)dv′ = ρ(r′) + ρp(r
′))dv′

ρtot,s(r
′)dS′ = ρs(r

′) + ρp,s(r
′))dS′

ρl(r
′)dl′

From point dipole p = pez

E(r) =
p

4πε0r3
(2 cos(θ)er + sin(θ)eθ)

From line charge ρl

E(r) =
ρl

2πε0rc
erc

From dipole line pl = plex

E(r) =
pl

2πε0r2c
(cos(ϕ)erc + sin(ϕ)eϕ)

Electrical Potential

E = −∇V

From pointsource q in r′

V (r) =
q

4πε0R

From charge distribution

V (r) =

∫
1

4πε0R
dq(r′)

From point dipole p = pez

V (r) =
p · r

4πε0r3
=
p cos(θ)

4πε0r2

From line charge ρl

V (r) =
ρl

2πε0
ln

(
1

rc

)
From dipole line pl = plex

V (r) =
pl

2πε0

cos(ϕ)

rc

Electrical flow density

Where D is defined by ∇D = ρ

Gauss law, where en is the unit normal to the vol-
ume surface pointing outwards P ,E and D:

{
D = ε0E + P (valid generally)

D = εrε0E

Polarization Charge

ρp = −∇ · P space charge density

ρp,s = en1 · (P1 − P2) surface charge density

where the unit normal en1 is directed from 1 to 2.

Boundary Conditions{
Et continuous

ρs = en2 · (D1 −D2)

where ρs is free surface charge density and en2 is
directed from volume 2 to volume 1.
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Electrostatic Energy

We =
1

2

∑
i

QiVi

We =
1

2

∫
ρV dv

We =
1

2

∫
E ·D dv

Maxwell’s voltage

|T | = 1

2
E ·D E is a bisector to en and T

Torque on Electrical Dipole

Te = p×E
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