
proton charge: e = 1.602× 10−19 C electron charge: −e

electron mass: me = 9.11× 10−31 kg proton mass: mp = 1.67× 10−27 kg

ε0 = 8, 854× 10−12 F m−1 µ0 = 4π × 10−7 T m A−1

F = ma x = x0 + v0t+ 1
2
at2

Asurface cylinder = πr2L Asurface sphere = 4πr2

ε = −N dΦB
dt

∮
Γ

E · dl = −dΦB
dt

= − d
dt

∫
S
B · dS

εind = −LdI
dt

Bsolen = µ0
N
l
I

UBinductor = 1
2
LI2 Lsolen = µ0

N2

l
πR2

µ = µ0µr χm = µr − 1

B = µrB0 = µH M = B
µ0
−H = µrµ0H

µ0
−H = (µr − 1)︸ ︷︷ ︸

χm

H = χmH

uB = 1
2
B2

µ
= 1

2
BH uB = UB

volume

∮
E · dS = q

ε0

∮
B · dS = 0∮

Γ

E · dl = − d
dt

∫
S
B · dS

∮
Γ

B · dl = µ0

∫
S

(
j+ ε0

∂E
∂t

)
· dS = µ0I + ε0µ0

d
dt

∫
S
E · dS

∇ · E = ρ
ε0

∇ ·B = 0

rotE = −∂B
∂t

rotB = µ0j+ ε0µ0
∂E
∂t

D = εE, B = µH∮
D · dS = q

∮
B · dS = 0∮

Γ

E · dl = − d
dt

∫
S
B · dS

∮
Γ

H · dl = I + d
dt

∫
S
D · dS

∇ ·D = ρ ∇ ·B = 0

rotE = −∂B
∂t

rotH = j+ ∂D
∂t

c = 1√
ε0µ0



V (t) = V0 cos (ωt); I0 = V0

|Z̃| Impedance Z̃ Reactance χ

R: I (t) = V (t)
R

= V0
R

cos (ωt) R

L: V (t) = LdI
dt
−→ I = V0

ωL
sin (ωt) = V0

ωL
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(
ωt− π

2

)
iωL ωL

C:

 V (t) = Q(t)
C

I = dQ(t)
dt

−→ I = −ωCV0 sin (ωt) = ωCV0 cos
(
ωt+ π

2

)
1
iωC

= − i
ωC

1
ωC

Series: Z̃ = Z̃1 + Z̃2 + · · · ; Paralel: 1

Z̃
= 1

Z̃1
+ 1

Z̃2
+ · · ·

R+L+C:
∣∣∣Z̃∣∣∣ =

√
R2 +

(
− 1
ωC

+ ωL
)2

fr = 1
2π
√
LC

φV I = arctan Im Z̃

Re Z̃
; φIV = −φV I

R: Vrms = V0√
2
; Irms = I0√

2
; Paverage_AC = RI2

rms (PDC = RI2)

p = F
A

S = Pot
A

p = Z u or S
c


Z = 1 totally absorved

Z = 2 totally reflected

1 < Z < 2 intermediate case

F = P
t
, P is linear momentum

S = E×H −→ P = Z

U︷ ︸︸ ︷
SAt
c

= Z U
c

Volumetric density of the linear

momentum of the electromagnetic field
: ε0E×B = ε0E× (µ0H) = ε0µ0S

linear momentum of the electromagnetic

field in a volume V
:
∫
V
ε0E×B dV =

∫
V
ε0µ0S dV

Poynting’s theorem: − d
dt

[∫
V

(
εE2

2
+ B2

2µ

)
dV
]

=
∫
V
j · E dV +

∮
S

(E×H) · dS

B = ∇×A

ΦB =
∫
S
B · dS =

∫
S

(∇×A) · dS =
∮

Γ
A · dl E = −∇ϕ− ∂A

∂t

ξ (x, t) = ξ0 sin [k (x− vt) + ϕ0] ξ (x, t) = ξ0 sin (kx− ωt+ ϕ0)

k = 2π
λ
; v = λ

T
= λf ξ (r, t) = ξ0 sin (k · r− ωt+ ϕ0)

v = ω
k
; ω = 2πf S̄ = E0B0

2µ
; E0 = cB0

∇2B = µσ ∂B
∂t

+ εµ∂
2B
∂t2

∇2E = µσ ∂E
∂t

+ εµ∂
2E
∂t2

Q = ωε
σ
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ω
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v = ω

ω
√
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(
2√
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Ω = arctan
(√

Q2 + 1−Q
)

= arctan 1√
Q2+1+Q


