
Static Fields Equation Sheet Instructor’s guide

Student handout Gauss’s Law: ∮
E⃗ · n̂ dA =

1

ϵ0
Qenc

Ampère’s Law: ∮
B⃗ · dr⃗ = µ0 Ienc

Potentials:

E⃗ = −∇⃗V

B⃗ = ∇⃗ × A⃗

Maxwell’s Equations:

∇⃗ · E⃗ =
ρ

ϵ0

∇⃗ · B⃗ = 0

∇⃗ × E⃗ = 0

∇⃗ × B⃗ = µ0 J⃗

Superposition Laws:

V (r⃗) =
1

4πϵ0

∫
ρ(r⃗′) dτ ′

|r⃗ − r⃗′|

E⃗(r⃗) =
1

4πϵ0

∫
ρ(r⃗′)(r⃗ − r⃗′) dτ ′

|r⃗ − r⃗′|3

A⃗(r⃗) =
µ0

4π

∫
J⃗(r⃗′) dτ ′

|r⃗ − r⃗′|

B⃗(r⃗) =
µ0

4π

∫
J⃗(r⃗′)× (r⃗ − r⃗′) dτ ′

|r⃗ − r⃗′|3

V (B)− V (A) = −
∫ B

A

E⃗ · dr⃗

1



Static Fields Equation Sheet Instructor’s guide

Position Vectors

r⃗ = xx̂+ yŷ + zẑ

= sŝ+ zẑ

= rr̂

The distance between two position vectors
1. In cylindrical coordinates:

|r⃗ − r⃗′| =
√

s2 + s′ 2 − 2s s′ cos(ϕ− ϕ′) + (z − z′)2

2. In spherical coordinates:
|r⃗ − r⃗′| =

√
r2 + r′ 2 − 2r r′ [sin θ sin θ′ cos(ϕ− ϕ′) + cos θ cos θ′]

Derivatives in Rectangular Coordinates:

∇⃗f =
∂f

∂x
x̂+

∂f

∂y
ŷ +

∂f

∂z
ẑ

∇⃗ · F⃗ =
∂Fx

∂x
+

∂Fy

∂y
+

∂Fz

∂z

∇⃗ × F⃗ =

(
∂Fz

∂y
− ∂Fy

∂z

)
x̂+

(
∂Fx

∂z
− ∂Fz

∂x

)
ŷ +

(
∂Fy

∂x
− ∂Fx

∂y

)
ẑ

Derivatives in Cylindrical Coordinates:

∇⃗f =
∂f

∂s
ŝ+

1

s

∂f

∂ϕ
ϕ̂+

∂f

∂z
ẑ

∇⃗ · F⃗ =
1

s

∂

∂s
(sFs) +

1

s

∂Fϕ

∂ϕ
+

∂Fz

∂z

∇⃗ × F⃗ =

(
1

s

∂Fz

∂ϕ
− ∂Fϕ

∂z

)
ŝ+

(
∂Fs

∂z
− ∂Fz

∂s

)
ϕ̂+

1

s

(
∂

∂s
(sFϕ)−

∂Fs

∂ϕ

)
ẑ

Derivatives in Spherical Coordinates:

∇⃗f =
∂f

∂r
r̂ +

1

r

∂f

∂θ
θ̂ +

1

r sin θ

∂f

∂ϕ
ϕ̂

∇⃗ · F⃗ =
1

r2
∂

∂r

(
r2Fr

)
+

1

r sin θ

∂

∂θ
(sin θFθ) +

1

r sin θ

∂Fϕ

∂ϕ

∇⃗ × F⃗ =
1

r sin θ

(
∂

∂θ
(sin θFϕ)−

∂Fθ

∂ϕ

)
r̂ +

1

r

(
1

sin θ

∂Fr

∂ϕ
− ∂

∂r
(rFϕ)

)
θ̂

+
1

r

(
∂

∂r
(rFθ)−

∂Fr

∂θ

)
ϕ̂
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Lorentz Force Law:

F⃗ = qtest
(
E⃗ + v⃗ × B⃗

)

Step and Delta Functions:

d

dx
θ(x− a) = δ(x− a)∫ ∞

−∞
f(x)δ(x− a) dx = f(a)

Vector Calculus Theorems:

∮
F⃗ · dA⃗ =

∫
∇⃗ · F⃗ dτ∮

F⃗ · dℓ⃗ =

∫
(∇⃗ × F⃗ ) · dA⃗

Total Charge and Current:

Q =

∫
ρ(r⃗′)dτ ′

I =

∫
J⃗(r⃗′) · dA⃗′
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