
z

λ β

ω T f vf = 1
3c c ≈ 3× 108 m/s

α

u(z,t
0
) [mV]

z [cm]

-10

8

-8

-20

v
f

u(z,t)
i(z,t)

i(z,t)

t = t0

v
f

u(z,t)
i(z,t)

i(z,t)

i [mA]

z [cm]

-2 -1

(-2; 2,4261)

(-1; 1,4715)

4

-3

t = 0

u(z, t) = 60e0,5z (12 · 109πt+ 40πz + π/3) [μV ]

U(z)

u(z, t) t = 0
α = 0

U(z) z = λ/4



I(z) = 4ej(2πz+π)[A] f = 50 Hz

U(z) = 5
√
2ej(−πz)[V ] f = 100 Hz

I(z) = 4e2zej(2πz+π) [A] f = 1 MHz

l
f vf

l = 3 km f = 50 Hz vf = 0, 5c

l = 100 m f = 100 MHz vf = 0, 8c

l = 3 cm f = 100 GHz vf = c

R′ = 4 mΩ/m
L′ = 300 nH/m G′ = 450 nS/m C ′ =

160 pF/m f = 1 MHz
γ Z0

U = 150e−γz + 75jeγz [V ] I = 2e−γz − jeγz [A]

l = 2, 25 cm

e(t) = 200
√
2sin(ωt + π/2)[μV ]

γ = 200πj [1/m]
Z0 = 75 Ω U(z) I(z)

λ = 10 cm β = 20π rad
m T = λ/vf = 1 ns Û = 8 mV

U = 4
√
2 mV α = 0

λ = 1 cm β = 200π rad
m T = λ/vf = 0, 1 ns

α = ln(1, 6487)/0, 01 ≈ 50 Np/m =

0, 5 Np/cm Î = 1, 4715/e0,01×50 ≈ 0, 8925 α
Îe−αz = 0, 8925e−50z [mA] 0, 631e−50z [mA]

Î Oz

60e0,5z [μV ] 30
√
2e0,5z [μV ]

ω = 12 · 109π rad/s f = 6 GHz T ≈ 0, 166 ns

α = 0, 5 Np/m β = 40π rad/m λ = 5 cm

φ(z, t) = 12 · 109πt+ 40πz + π/3 φ(z, t = 0) = 40πz + π/3 ϕ = π/3

vf = 3 · 108 m/s c = 299 792 458 m/s

Oz −z



α = 0

u(z, t) = (
√
2U(z)ejωt)

i(z, t) = 4
√
2 (100πt+ 2πz + π) [A]

u(z, t) = 10 (200πt− 10πz) [V ]

l
λ l

λ � 0, 01

l
λ = 0, 001 < 0, 01

l
λ = 10 � 0, 01

R′ + jωL′ ≈ 4 · 10−3 + 1, 885 [Ω] G′ + jωC ′ ≈ 0, 45 · 10−6 + 1, 0053 · 10−3 [S]
γ ≈ 55, 93 · 10−6 + 0, 043j [1/m] Z0 ≈ 43, 3− 0, 03j [Ω]

Z0 = 75 Ω

U(z) = U+
0 e

−γz + U−
0 e

γz

I(z) = I+0 e
−γz + I−0 e

γz

=
U+

0

Z0

e−γz − U−
0

Z0

eγz

U+
0 U−

0 I+0 I−0

U(z) = 200e−j π
2 e−j200πz [μV ]

I(z) = 4e−j π
2 e−j200πz [μA]


