
Problem 1.13 The voltage of an electromagnetic wave traveling on a transmission
line is given byυ(z, t) = 5e−αz sin(4π ×109t −20πz) (V), wherez is the distance in
meters from the generator.

(a) Find the frequency, wavelength, and phase velocity of the wave.
(b) At z = 2 m, the amplitude of the wave was measured to be 2 V. Findα .

Solution:
(a) This equation is similar to that of Eq. (1.28) withω = 4π × 109 rad/s and

β = 20π rad/m. From Eq. (1.29a),f = ω/2π = 2× 109 Hz = 2 GHz; from
Eq. (1.29b),λ = 2π/β = 0.1 m. From Eq. (1.30),

up = ω/β = 2×108 m/s.

(b) Using just the amplitude of the wave,

2 = 5e−α2, α =
−1
2 m

ln

(
2
5

)
= 0.46 Np/m.



Problem 2.13 In addition to not dissipating power, a lossless line has two important
features: (1) it is dispertionless (µp is independent of frequency) and (2) its
characteristic impedanceZ0 is purely real. Sometimes, it is not possible to design
a transmission line such thatR′ ≪ ωL′ andG′ ≪ ωC ′, but it is possible to choose the
dimensions of the line and its material properties so as to satisfy the condition

R′C ′ = L′G′ (distortionless line).

Such a line is called adistortionlessline because despite the fact that it is not lossless,
it does nonetheless possess the previously mentioned features of the lossline. Show
that for a distortionless line,

α = R′
√

C ′

L′ =
√

R′G′ , β = ω
√

L′C ′ , Z0 =

√
L′

C ′ .

Solution: Using the distortionless condition in Eq. (2.22) gives

γ = α + jβ =
√

(R′ + jωL′)(G′ + jωC ′)

=
√

L′C ′

√(
R′

L′ + jω
)(

G′

C ′ + jω
)

=
√

L′C ′

√(
R′

L′ + jω
)(

R′

L′ + jω
)

=
√

L′C ′
(

R′

L′ + jω
)

= R′
√

C ′

L′ + jω
√

L′C ′.

Hence,

α = Re(γ) = R′
√

C ′

L′ , β = Im(γ) = ω
√

L′C ′ , up =
ω
β

=
1√
L′C ′ .

Similarly, using the distortionless condition in Eq. (2.29) gives

Z0 =

√
R′ + jωL′

G′ + jωC ′ =

√
L′

C ′

√
R′/L′ + jω
G′/C ′ + jω

=

√
L′

C ′ .



Problem 2.12 Generate a plot ofZ0 as a function of strip widthw, over the range
from 0.05 mm to 5 mm, for a microstrip line fabricated on a 0.7-mm–thick substrate
with εr = 9.8.

Solution:



Problem 2.33 Two half-wave dipole antennas, each with an impedance of 75Ω,
are connected in parallel through a pair of transmission lines, and the combination is
connected to a feed transmission line, as shown in Fig. P2.33.
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Figure P2.33: Circuit for Problem 2.33.

All lines are 50Ω and lossless.

(a) CalculateZin1, the input impedance of the antenna-terminated line, at the
parallel juncture.

(b) CombineZin1 andZin2 in parallel to obtainZ′
L , the effective load impedance of

the feedline.

(c) CalculateZin of the feedline.

Solution:
(a)

Zin1 = Z0

[
ZL1 + jZ0 tanβ l1
Z0 + jZL1 tanβ l1

]

= 50

{
75+ j50tan[(2π/λ )(0.2λ )]

50+ j75tan[(2π/λ )(0.2λ )]

}
= (35.20− j8.62) Ω.

(b)

Z′
L =

Zin1Zin2

Zin1 +Zin2

=
(35.20− j8.62)2

2(35.20− j8.62)
= (17.60− j4.31) Ω.

(c)
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Figure P2.33: (b) Equivalent circuit.

Zin = 50

{
(17.60− j4.31)+ j50tan[(2π/λ )(0.3λ )]

50+ j(17.60− j4.31) tan[(2π/λ )(0.3λ )]

}
= (107.57− j56.7) Ω.
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