
Xc =
1

jωC

XL = jωL

ω = 2πf

β =
2π
λ

vp = fλ =
ω

β

Ṽ (z) = V +
o (e−γz + Γeγz)

Ĩ(z) =
V +
o

Zo
(e−γz − Γeγz)

Γ =
V −o
V +
o

= −I
−
o

I+
o

=
ZL − Zo
ZL + Zo

= |Γ|ejθr

lmax =
θrλ

4π
+
nλ

2
, n = 0, 1, 2, 3, . . .

γ =
√

(R′ + jwL′)(G′ + jwC ′) = α+ jβ

Zo =

√
R′ + jwL′

G′ + jwC ′
=
V +
o

I+
o

= −V
−
o

I−o

SWR =
|Ṽ |max
|Ṽ |min

=
1 + |Γ|
1− |Γ|

Zin(z) = Zo

[
1 + Γej2βz

1− Γej2βz

]
Zin(−l) = Zo

[
ZL + jZo tanβl
Zo + jZL tanβl

]

V +
o =

(
ṼgZin

Zg + Zin

)(
1

ejβl + Γe−jβl

)

Pavg =
1
2
Re
{
Ṽ Ĩ∗

}



∇ · Ẽ = ρ̃V /ε

∇× Ẽ = −jωµH̃

∇ · H̃ = 0

∇× H̃ = J̃ + jωεẼ

∇2Ẽ− γ2Ẽ = 0

∇2H̃− γ2H̃ = 0

γ2 = −ω2µεc

k = ω
√
µε

ε = εrεo

εc = ε− jσ/ω = ε′ − jε′′

µ = µrµo

ηc =
√
µ/εc

H̃ =
1
ηc
k̂ × Ẽ

Ẽ = −ηck̂ × H̃

tan 2γ = (tan 2ψo) cos δ (−π/2 ≤ γ ≤ π/2)

sin 2χ = (sin 2ψo) sin δ (−π/4 ≤ χ ≤ π/4)

tanψo = ay/ax (0 ≤ ψo ≤ π/2)

signe de γ = signe de cos δ

Sav =
1
2
Re[Ẽ× H̃∗]



Tout matériel Matériau Matériau à Bon unités
sans perte faibles pertes conducteur
(σ = 0) (ε′′/ε′ � 1) (ε′′/ε′ � 1)

α = ω

µε′
2

√1 +
(
ε′′

ε′

)2

− 1

1/2

0
σ

2

√
µ

ε

√
πfµσ Np/m

β = ω

µε′
2

√1 +
(
ε′′

ε′

)2

+ 1

1/2

ω
√
µε ω

√
µε

√
πfµσ rad/m

ηc =
√
µ

εc
=
√
µ

ε′

(
1− j ε

′′

ε′

)1/2 √
µ

ε

√
µ

ε
(1 + j)

α

σ
Ω

vp = ω/β 1/
√
µε 1/

√
µε

√
4πf/µσ m/s

λ = 2π/β = vp/f

Notes: ε′ = ε ; ε′′ = σ/ω ; dans le vide, ε = εo, µ = µo; en pratique un matériel est considéré à faibles pertes si
(ε′′/ε′ < 0.01) et un bon conducteur si (ε′′/ε′ > 100).

Propriété Incidence normale Polarisation Polarisation
θi = θt = 0 perpendiculaire parallèle

Coefficient de réflexion Γ =
η2 − η1

η2 + η1
Γ⊥ =

η2 cos θi − η1 cos θt
η2 cos θi + η1 cos θt

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

Coefficient de transmission τ =
2η2

η2 + η1
τ⊥ =

2η2 cos θi
η2 cos θi + η1 cos θt

τ‖ =
2η2 cos θi

η2 cos θt + η1 cos θi
relation Γ, τ τ = 1 + Γ τ⊥ = 1 + Γ⊥ τ‖ = (1 + Γ‖)

cos θi
cos θt

Réflectivité R = |Γ|2 R⊥ = |Γ⊥|2 R‖ = |Γ‖|2

Transmissivité T = |τ |2 η1

η2
T⊥ = |τ⊥|2

η1 cos θt
η2 cos θi

T‖ = |τ‖|2
η1 cos θt
η2 cos θi

Relation R, T R+ T = 1 R⊥ + T⊥ = 1 R‖ + T‖ = 1

Notes: sin θt =
√
µ1ε1/µ2ε2 sin θi.

Pour un matériel non magnétique η2/η1 = n1/n2.

sin θc = n2/n1 =
√
εr2
εr1

(si µ1 = µ2)

tan θB‖ =
√
ε2/ε1 (si µ1 = µ2)



Hz = Anm cos(Kxx) cos(Kyy)e−jβz

Hx =
jβKx

K2
c

Anm sin(Kxx) cos(Kyy)e−jβz

Hy =
jβKy

K2
c

Anm cos(Kxx) sin(Kyy)e−jβz

Ex =
jωµKy

K2
c

Anm cos(Kxx) sin(Kyy)e−jβz

Ey =
−jωµKx

K2
c

Anm sin(Kxx) cos(Kyy)e−jβz

Ez = Bnm sin(Kxx) sin(Kyy)e−jβz

Hx =
jωεKy

K2
c

Bnm sin(Kxx) cos(Kyy)e−jβz

Hy =
−jωεKx

K2
c

Bnm cos(Kxx) sin(Kyy)e−jβz

Ex =
−jβKx

K2
c

Bnm cos(Kxx) sin(Kyy)e−jβz

Ey =
−jβKy

K2
c

Bnm sin(Kxx) cos(Kyy)e−jβz

K2
c = K2

x +K2
y =

(nπ
a

)2

+
(mπ
b

)2

= ω2µε− β2

Hz = solution de l’équation d’onde

Hx = − jβ
K2
c

dHz

dx

Ey =
jωµ

K2
c

dHz

dx

Ez = solution de l’équation d’onde

Ex = − jβ
K2
c

dEz
dx

Hy = −jωε
K2
c

dEz
dx



TE PAIR dans le coeur
U2 = n2

1k
2
o − β2

Hz = A′ sin(Ux)

Hx = −jβ
U
A′ cos(Ux)

Ey =
jωµ

U
A′ cos(Ux)

TE PAIR dans la gaine
W 2 = β2 − n2

2k
2
o

Hz = Be−W |x|

Hx = −jβ
W
Be−W |x|

Ey =
jωµ

W
Be−W |x|

V 2 = (U2 +W 2)d2 = (n2
1 − n2

2)ω2d2/c2

TE pair : tan(Ud) = W/U
TE impair : tan(Ud) = −U/W
TM pair : tan(Ud) = (n1/n2)2W/U
TM impair : tan(Ud) = −(n2/n1)2U/W

F (θ, φ) =
S(R, θ, φ)
Smax

dΩ =
dA

R2
= sin θdθdφ

dPrad = R2S(R, θ, φ)dΩ

Ωp =
∫ ∫

F (θ, φ)dΩ

D =
Fmax
Fav

=
4π
Ωp

=
4πR2Smax

Prad
=
Smax
Sav

G = ξD

ξ =
Prad
Pt

=
Rrad

(Rrad +Rloss)

Ae =
Pint
Si

=
λ2D

4π
Prec
Pt

= GtGr

(
λ

4πR

)2


