
Electromagnetics  Formula Summary

1. Coulomb’s Law:

F⃗ =
q1 q2

4 π εr ε0 r2

2. Electric Field:

E⃗ =
F⃗

q

Field of a point charge E =
kQ

r2

Field inside a capacitor E =
V

d

Superposition E⃗net =

N∑
i=1

E⃗i

Electric Flux ΦE =

∫
E⃗ · dA⃗

3. Electrical Potential:

V =
U

q

∆V = Vf − Vi = −
∫ f

i
E⃗ d⃗l

4. Gauss’s Law:∮
E⃗ · dA⃗ =

Qenc

ε
, ∇ · E⃗ =

ρ

ε∮
B⃗ · dA⃗ = 0, ∇ · B⃗ = 0

5. Ampere’s Law:∮
B⃗ · d⃗l = µ

∫
(J⃗ + ε

∂E⃗

∂t
) · dA⃗

∇× B⃗ = µ(J⃗ + ε
∂E⃗

∂t
)

6. Faraday’s Law:∮
E⃗ · d⃗l = − d

dt

∫
B⃗ · dA⃗

∇× E⃗ = −∂B⃗

∂t

7. Magnetic Field:

• A straight line wire

B =
µ0 I

2 π r

• Flux:
ΦB =

∫
B⃗ · dA⃗

8. BiotSavart Law:

B⃗ =

∮
µ I d⃗l × r̂

4πr2

9. Ohm’s Law:
J⃗ = σE⃗

10. Inductance:

L =
ΦT

I
=

µ0N
2A

l
, ε = −L

dI
dt

11. Capacitance:

C =
Q

V

12. Poyuting Vector:

S⃗ = E⃗ × H⃗ where H⃗ =
B⃗

µ0

13. Total Energy Density:

Ed =
1

2
E2ε+

1

2
µH2

14. Electromagnetics Waves:

• Speed of wave
v =

1
√
µε

• Refractive index

n =
c

v
=

√
µrεr

• Snell’s Law

n1 sin θ1 = n2 sin θ2, sin θc =
n2

n1

• Boundary continuity

dielectricdielectric dielectricPEC (E⃗2 = 0)

|| Et,1 = Et,2, Ht,1 = Ht,2 Et,1 = 0

⊥ ε1 n̂ ·E⃗1 − ε2 n̂ ·E⃗2 = ρs ε1 n̂ ·E⃗1 = ρs
n̂ ·H⃗1 = n̂ ·H⃗2 n̂ ·H⃗1 = 0, n̂×H⃗1 = J⃗s

• Reflection coefficient, Transmission coefficient

Γ =
η2 − η1
η2 + η1

, T =
2 η2

η2 + η1

where η =
|E⃗|
|H⃗|

=

√
µ0

ε

⇒ T = 1 + Γ

• Parallel polarization:



– Incident wave

E⃗i = E0 e
j(ωt+k1(x sin θi+y cos θi))

(− cos θi x̂+ sin θi ŷ)

H⃗i =
E0

η1
ej(ωt+k1(x sin θi+y cos θi))(− ẑ)

– Transmitted wave

E⃗t = TE0 e
j(ωt+k2(x sin θt+y cos θt))

(− cos θt x̂+ sin θt ŷ)

H⃗t =
TE0

η2
ej(ωt+k2(x sin θt+y cos θt))(− ẑ)

– Reflected wave

E⃗r = ΓE0 e
j(ωt+k1(x sin θr−y cos θr))

(− cos θr x̂− sin θr ŷ)

H⃗r =
ΓE0

η1
ej(ωt+k1(x sin θr−y cos θr)) ẑ

• Fresnel Equations

T∥ =
2η2 cos θi

η2 cos θt + η1 cos θi

Γ∥ =
η2 cos θt − η1 cos θi
η2 cos θt + η1 cos θi

T⊥ =
2η2 cos θi

η2 cos θi + η1 cos θt

Γ⊥ =
η2 cos θi − η1 cos θt
η2 cos θi + η1 cos θt

• Brewster angle

sin θi =
1√

1 + ε1/ε2

Constants

• Charge on electron: e = 1.60× 10−19 C

• Permittivity of free space: ε0 = 8.85× 10−12 C2/Nm2

• Permeability of free space: µ0 = 4π × 10−7 Tm/A

• k = 1
4πε0

= 8.99× 109 Nm2/C2

• Light of speed: c = 1√
µ0ε0

= 3.0× 108 m/s
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