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PROBLEM SET 3

Topics: radiation problems, antenna characteristics

1. A small loop antenna, shown in Figure 1, radiates an electric and magnetic field in the far
field given by

E = ηβ2S
I1e

−jβr

4πr
sin θ âφ

H = −β2S
I1e

−jβr

4πr
sin θ âθ

where S is the area of the loop and b in Figure 1 is the radius of the loop.

Figure 1: Loop antenna

(a) Determine an expression for the radiated power density of the antenna.

(b) Determine the power radiated by the antenna and its corresponding radiation resistance,
if I = 2 A, D = 1.5, and β2S = 2. Assume the antenna is 100% efficient. Note:∫ π
0

sin3 θ = 4
3
.

(c) An ideal dipole is placed at the origin inside the loop. The combination of the dipole
and this antenna is to produce a right-handed circularly polarized wave at θ = π/2.
Choose the current of this dipole and determine an appropriate orientation for the dipole
to fulfill these guidelines.



2. An antenna has a normalized radiation intensity given by

F (θ, φ) =

{
sin2 θ cos2 φ, 0 ≤ θ ≤ π,−π/2 ≤ φ ≤ π/2
0 elsewhere

Determine the following:

(a) The direction of maximum radiation.

(b) Directivity.

(c) Beam solid angle.

(d) Half-power beamwidth in the xz-plane.

3. The radiation intensity U(θ) = r2Pr of an antenna is approximated by the expression

U(θ) =


1 0◦ ≤ θ ≤ 20◦

0.707 20◦ ≤ θ ≤ 120◦

0 120◦ ≤ θ ≤ 180◦

Calculate its directivity.

4. Find the vector potential of a short dipole with a triangular current distribution described by
the following equation. Assume ∆z � λ, ∆z � r.

I(z) = I0

(
1− 2|z|

∆z

)
5. The radiated power density from an antenna is given by

P =

{
B0 cos(θ)

r2
r̂ 0 ≤ θ ≤ π

2

0 elsewhere.

Find the HPBW for this antenna. What is its directivity as a function of θ? What is its
maximum directivity?

6. An antenna has a normalized radiation intensity given by F (θ) = A sin(θ) sin(φ), 0 ≤
φ ≤ π. Find the pattern, the position of the maximum and the 3 dB beamwidth around the
maximum.

7. Consider a half-wave dipole designed for operation at 1 GHz excited with 2 Amperes of
current. What is the power density 1 km from the antenna, assuming the power density is
being measured 30◦ above the horizontal plane? The far field electric field of a half-wave
dipole is

Eθ = jωµ
2I

β

e−jβr

4πr

cos[(π/2) cos θ]

sin θ
.



8. A cosecant antenna pattern is often encountered in cellular systems as well as radars. The
radiation intensity of such a pattern is given by

U(θ, φ) =


1 0 ≤ θ ≤ π

6
1
2

csc(θ) π
6
≤ θ ≤ π

3

0 π
3
≤ θ ≤ π

[W / sr]

for 0 ≤ φ ≤ 2π.

(a) Determine the radiated power from the antenna producing this pattern.

(b) Calculate the maximum directivity of the antenna in dBi.

(c) Calculate the radiation resistance of the antenna, if the antenna is lossless and the input
current to the antenna is 394 mA.

(d) Determine the gain of the antenna, in dBi, if the ohmic loss in the antenna is Rohmic =
1 Ω.

(e) Determine suitable expressions for the far-zone electric field, if the electric field is
exclusively polarized in the θ̂ direction.


