
EM-110A Cheat-sheet (a lot of it might not be needed)∫
V

~∇ · ~g dτ =
∮
Σ

~g · ~da ;
∫
Σ
(~∇× ~g) · ~da =

∮
C

~g · ~dl

~∇ ·
(

~r

r3

)
= −4πδ(~r) ; ~∇f(r) = r̂

df

dr

~∇ · (f~v) = f(~∇ · ~v) + ~∇f · ~v ; ~∇× (f~v) = f (~∇× ~v) + ~∇f × ~v

Electrostatic fields:

~E(~r) =
1

4πε0

∫ ρ(~r′)(~r − ~r′)

|~r − ~r′|3
dτ(~r′) ; V (~r) =

1

4πε0

∫ ρ(~r′)

|~r − ~r′|
dτ(~r′)

Magnetostatic fields:

~B(~r) =
µ0

4π

∫ ~J(~r′)× (~r − ~r′)

|~r − ~r′|3
dτ(~r′) ; ~A(~r) =

µ0

4π

∫ ~J(~r′)

|~r − ~r′|
dτ(~r′)

Forces:
~F = q( ~E + ~v × ~B) ; ~dF = I ~dl × ~B

Maxwell’s equations:

~∇ · ~B = 0 ; ~∇ · ~E =
ρ

ε0

;
(
~∇ · ~D = ρfree

)

~∇× ~E = −∂ ~B

∂t
; ~∇× ~B = µ0

~J + ε0µ0
∂ ~E

∂t
;

~∇× ~H = ~Jfree +
∂ ~D

∂t


Constitutive relations:

~D = ε0
~E + ~P = ε ~E ; ~P = ε0χe

~E

~B = µ0( ~H + ~M) = µ ~H ; ~M = χm
~H

Bound charges/currents:

ρb = −~∇ · ~P ; σb = ~P · n̂ ; ~Jb = ~∇× ~M ; ~Kb = ~M × n̂

Discontinuities:

∆ ~E‖ = 0 ; ∆ ~B‖ = µ0
~K × n̂ ; ∆ ~H‖ = ~Kfree × n̂

∆E⊥ =
σ

ε0

; ∆D⊥ = σfree ; ∆B⊥ = 0 ; ∆V = 0 ; ∆ ~A = 0

Flux:

Φ11 = L1 I1 ; Φ12 = M12 I1 ; emf = −dΦ

dt

Dipoles:

~p = α~E ; ~p =
∑

i

qi~ri ; ~m =
1

2

∮
~r × I ~dl = I ~A

1



V (~r) =
1

4πε0

~p · ~r
r3

; ~A(~r) =
µ0

4π

~m× ~r

r3

~E(~r) =
1

4πε0

1

r3
[3(~p · r̂) r̂ − ~p ] ; ~B(~r) =

µ0

4π

1

r3
[3(~m · r̂) r̂ − ~m ]

Forces on dipoles:

~Fe = (~p · ~∇) ~E = ~∇(~p · ~E) ; ~Fm = ~∇(~m · ~B)

Expansions:

Spherical φ symmetric : V (r, θ) =
∞∑
l=0

Pl(cos θ)(Alr
l +

Bl

rl+1
)

P0(x) = 1 ; P1(x) = x ; P2(x) = (3x2 − 1)/2 ; P3(x) = (5x3 − 3x)/2∫ 1

−1
Pl(x)Pn(x)dx =

2

2l + 1
δn,l

∫ a

0
sin(

nπx

a
) sin(

mπx

a
) dx =

a

2
δn,m ;

∫ a

0
cos(

nπx

a
) cos(

mπx

a
) dx =

a

2
δn,m for(n,m) 6= 0

Energy:

We =
1

2
CV 2 =

1

2

∫
ρV dτ ; Wm =

1

2
LI2 =

1

2

∫
~J · ~A dτ

2


