
EE351 - Spring 2006 - HW7 Solutions

March 22, 2006

Exercise 11.5

Verify equations (11.35) and (11.36)

Ã = µeI`
4πr

e−βr [cos θâr − sin θâθ]

B̃ = ∇× Ã ⇒ H̃ =  βeI`
4πr

(
1 + 1

βr

)
sin θe−βrâφ

Ẽ = 1
ωε

[
∇× H̃

]

Ẽ =
βĨ`

4πωεr2

(
1 +

1

βr

)
(2 cos θ) e−βrâr +

βĨ`

4πωεr
β

[
1 +

1

βr
− 1

β2r2

]
(sin θ) e−βrâθ

substituting β
ωε

= η we obtain the desired equation.

Exercise 11.2

Express (11.15) as a set of three scalar equations

∂2Ax

∂x2 + ∂2Ax

∂y2 + ∂2Ax

∂z2 = −µJx

∂2Ay

∂x2 + ∂2Ay

∂y2 + ∂2Ay

∂z2 = −µJy

∂2Az

∂x2 + ∂2Az

∂y2 + ∂2Az

∂z2 = −µJz
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Problem 11.6

Determine the radiation resistance of a short antenna if its length is 0.1λ0,
where λ0 is the wavelength in free space. If the antenna is designed to radiate
500 W, calculate the maximum value of the antenna current.
Rrad = 80π2 (0.1)2 = 7.9Ω = Rrad

Prad = 500W

Prad = 1
2
I2Rrad ⇒ I =

√
2Prad

Rrad
=

√
2×500

7.9
= 11.25A = I

Problem 11.7

A short antenna causes a maximum field intensity of 6 mV/m at a distance
of 10 km. Write the expressions for the fields and calculate the total power
radiated by the antenna.
From (11.42), βI`η

4π
= 6× 10−3 × 10× 103 = 60; r = 10km; η = 120πΩ

Ẽ = 60
r

sin θe−βr

H̃ =  1
2πr

sin θe−βr〈
Ŝr

〉
= 1

2

[
Ẽ × H̃∗

]
âr = 15

πr2 sin2 θW/m2

Pr = 15
r

∫ π

0
sin3 θdθ

∫ 2π

0
dφ = 40W

Problem 11.11

A quarter-wave monopole antenna is mounted on a reflecting plane. Write
expressions for the fields, average power density, total radiated power, and
radiation resistance. What is the radiation resistance in free space.

Ẽθ is given in (11.77), H̃θ in (11.76b) and
〈
Ŝ
〉

in (11.78). These equa-

tions are true for a λ
4

monopole above z ≥ 0 plane. However, power radiated
will be 1

2
of that dipole. Hence:

Prad |mono = 1.219
8π

ηI2
0

Rrad = 1.219
8π

η = 36.57Ω in free space
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