
PHYE0A2/PHYE2A2 2020 (v1.2c): Formulas and Identities

List of Definitions

• ~B = ∇× ~A

• ~B = µ0(~H + ~M) = µ~H

• C = Q/V

• ~D = ε0
~E + ~P = ε~E

• ε = ε0εr

• ε0 ≈ 8.85× 10−12 F/m

• εr = 1 + χe

• ~Jbs = ~M× n̂

• ~Jbv = ∇× ~M

• k = 2π/λ

• ~M = χm ~H

• ~m = I ~A; ~m =
∫
~Mdτ

• µ0 ≈ 1.26× 10−6 H/m

• µr = 1 + χm

• ~P = N~p

• ~P = ε0χe~E

• ~p = Q~s

• ρ = ρf + ρb

• ρb = −∇ · ~P

• ~R = ~r−~r′

• σb = ~P · n̂

• v = λf

• ω = 2πf

List of Equations

• ~A = µ
4π

∫
τ

~Jv
R dτ ′;

~A = µ
4π I

∫
c

1
Rd~̀′;

~A = µ
4π

∫
τ

~M×R̂
R2 dτ ′

• ~B = µ
4π

q~v×R̂
R2 ;

~B = µ
4π

∫
c
Id~̀′×R̂
R2 ;

~B = µ
4π

∫
τ

~Jv×R̂
R2 dτ ′

• (~B1 − ~B2) · n̂ = Bn1 −Bn2 = 0

• ∇ · ~B = 0

•
∮
s
~B · d~a = 0

• (~D1 − ~D2) · n̂ = Dn1 −Dn2 = σf

•
∮
s
~D · d~s =

∫
τ ρfdτ

• ∇ · ~D = ρf

• ~E = −∇V

• ~E = Q
4πεR2 R̂ ;

~E = 1
4πε

∫
τ
ρR̂
R2 dτ

• (~E1 − ~E2)× n̂ = ~Et1 − ~Et2 = 0

• ∇ · ~E = ρ
ε

• ∇× ~E = −∂~B
∂t

• ∇2~E = µε∂
2~E
∂t2

•
∮
c
~E · d~̀= −

∫
s
∂~B
∂t · d~s

•
∮
s
~E · d~s = 1

ε

∫
τ ρdτ

• ~Fc = mv2

r r̂

• ~Fab = 1
4πε

QaQb

r2
r̂

• ~FEM = q~E + q(~v × ~B)

• ~FM = I
∫
c d~̀× ~B

• ~FM2 = −µ0I1I2
4π

∫
c1

∮
c2

d~̀1·d~̀2
R3

21

~R21

• (~H1 − ~H2)× n̂ = ~Ht1 − ~Ht2 = ~Jbs

•
∮
c
~H · d` = If +

∫
s
∂ ~D
∂t · d~s

• ∇× ~H = ~Jf + ∂ ~D
∂t

• I =
∫
s
~J · d~s

• ~J = nq~v

• ~J = σ~E

• ∇ · ~J = −∂ρ
∂t

• (~J1 − ~J2) · n̂ = Jn1 − Jn2 = 0

• (~J1/σ1 − ~J2/σ2)× n̂ = ~Jt1/σ1 − ~Jt2/σ2 = 0

• L = N dΦ
di

• M12 = N1
dΦ12
di2

• ~P = ~S = ~E× ~H

• < P >= 1
T

∫ T
0 |~P|dt

• ΦB =
∫
s
~B · d~s; ΦE =

∫
s
~E · d~s

• ρb = −
(
εr−1
εr

)
ρf

• R = ρ l
A

• uE = 1
2εE

2; uM = 1
2µH

2

• V1 − V2 =
∫ 2

1
~E · d~̀

• V = Q
4πεR ;

V = ~p·R̂
4πεR2 ;

V = 1
4πε

∫
τ
ρdτ
R

• Vi = −N dΦ
dt = −Ldi

dt

• W = 1
2CV

2

1



Cartesian coordinates

• d~̀= dxx̂ + dyŷ + dzẑ

• d~sx = dydzx̂

• d~sy = dzdxŷ

• d~sz = dxdyẑ

• dτ = dxdydz

• ∇ = ∂
∂x x̂ + ∂

∂y ŷ + ∂
∂z ẑ

• ∇2 = ∂2

∂x2
+ ∂2

∂y2
+ ∂2

∂z2

• x̂×ŷ = ẑ; ŷ×ẑ = x̂; ẑ×x̂ = ŷ

Cylindrical coordinates

• x = ρ cosφ; y = ρ sinφ; z = z

• Aρ = Ax cosφ+Ay sinφ
Aφ = −Ax sinφ+Ay cosφ
Az = Az

• d~̀= dρρ̂+ ρdφφ̂+ dzẑ

• d~sρ = ρdφdzρ̂
d~sφ = dρdzφ̂
d~sz = ρdρdφẑ

• dτ = ρdρdφdz

• ∇ · ~F = 1
ρ
∂
∂ρ [ρFρ] + 1

ρ
∂
∂φ [Fφ] + ∂

∂z [Fz]

• ρ̂× φ̂ = ẑ; φ̂× ẑ = ρ̂; ẑ× ρ̂ = φ̂

Spherical coordinates

• x = r cosφ sin θ; y = r sinφ sin θ; z = r cos θ

• Ar = Ax cosφ sin θ +Ay sinφ sin θ +Az cos θ
Aθ = Ax cosφ cos θ +Ay sinφ cos θ −Az sin θ
Aφ = −Ax sinφ+Ay cosφ

• d~̀= drr̂ + rdθθ̂ + r sin θdφφ̂

• d~sr = r2 sin θdθdφr̂
d~sθ = rdr sin θdφθ̂
d~sφ = rdrdθφ̂

• dτ = r2dr sin θdθdφ

• ∇ · ~F = 1
r2

∂
∂r

[
r2Fr

]
+ 1

r sin θ
∂
∂θ [sin θFθ] +

1
r sin θ

∂
∂φ [Fφ]

• r̂× θ̂ = φ̂; θ̂ × φ̂ = r̂; φ̂× r̂ = θ̂

Integrals

•
∫

1
(a2+x2)1/2

dx = ln
(√

a2 + x2 + x
)

+ C

•
∫

x
(a2+x2)1/2

dx =
√
a2 + x2 + C

•
∫

1
(a2+x2)3/2

dx = x
a2(a2+x2)1/2

+ C

•
∫

x
(a2+x2)3/2

dx = − 1
(a2+x2)1/2

+ C

•
∫

x2

(a2+x2)3/2
dx = ln

(√
a2 + x2 + x

)
−

x
(a2+x2)1/2

+ C

Identities

• (~A× ~B) · ~C = ~A · (~B× ~C)

• ~A× (~B× ~C) = ~B(~A · ~B)− ~C(~A · ~B)

• ∇(fg) = f∇g + g∇f

• ∇ · (f ~A) = (∇f) · ~A + f(∇ · ~A)

• ∇ · (~A× ~B) = ~B · (∇× ~A)− ~A · (∇× ~B)

• ∇× (f ~A) = (∇f)× ~A + f(∇× ~A)

• ∇(∇ · ~A) = ∇2 ~A +∇×∇× ~A

• ∇(1/R) = −R̂/R2

• ∇′(1/R) = R̂/R2

•
∮
s
~A · d~s =

∫
τ ∇ · ~Adτ

•
∫
s(∇× ~A) · d~s =

∮
c
~A · d~̀
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