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Transmission Line Equations

Ṽ (z) = V +
0 e−γz + V −

0 eγz

Ĩ(z) = I+0 e
−γz + I−0 e

γz

V −
0 = ΓV +

0

γ = α + jβ

γ =
√

(R′ + jωL′)(G′ + jωC ′)

v(z, t) = ℜ
{
Ṽ (z)ejωt

}
v(z, t) = |V +

0 | cos (ωt− βz + ϕ+) + |V −
0 | cos (ωt+ βz + ϕ−)

β =
2π

λ
(1)

ω = 2πf (2)

up = λf =
ω

β
(3)

Z0 =
V +
0

I+0
= −V −

0

I−0
=

√
R′ + jωL′

G′ + jωC ′

zL = ζ =
ZL

Z0

Γ =
ZL − Z0

ZL + Z0

=
zL − 1

zL + 1
=

V −
0

V +
0

= −I−0
I+0

Γ = |Γ|ejθr

Z(d) = Zin = Zd =
Ṽ (d)

Ĩ(d)

= Z0

[
1 + Γe−j2βd

1− Γe−j2βd

]
= Z0

[
1 + Γd

1− Γd

]
= Z0

(
ZL

Z0
+ j tan(βd)

1 + j ZL

Z0
tan(βd)

)

S =
|Ṽ |max

|Ṽ |min

=
1 + |Γ|
1− |Γ|

Pav =
|V +

0 |2

2Z0

(1− |Γ|2)
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Electrostatics Equations

∇A = x̂
∂A

∂x
+ ŷ

∂A

∂y
+ ẑ

∂A

∂z

∇ · A =
∂Ax

∂x
+

∂Ay

∂y
+

∂Az

∂z

∇×B = x̂

(
∂Bz

∂y
− ∂By

∂z

)
+ ŷ

(
∂Bx

∂z
− ∂Bz

∂x

)
+ ẑ

(
∂By

∂x
− ∂Bx

∂y

)
ϵ = ϵrϵ0

−→
∇ ·

−→
D = ρv∮

S

−→
D · d−→s = Q

−→
∇ ×

−→
E = 0∮

C

−→
E · d

−→
l = 0

D1n −D2n = ρs

ϵ1E1n − ϵE2n = ρs

∇2V = ∇ · (∇V ) =
∂2V

∂x2
+

∂2V

∂y2
+

∂2V

∂z2
= −ρν

ϵ

E = −∇V

V = −
∫ −→

E · dl

C =
Q

V
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