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PROBLEM SET 4

Topics: radiation problems, antenna characteristics, half-wave dipole, simple arrays

1. An antenna has an electric field component in the far field given by
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Note that φ is defined in this case from −π to π.

(a) Determine an expression for the radiation intensity of the antenna.

(b) What is the half-power beamwidth (HPBW) in the plane θ = 90◦?

(c) What is the half-power beamwidth (HPBW) in the plane φ = 0◦?

(d) Determine the maximum directivity of the antenna. What is the direction of maximum
radiation?

(e) The gain of the antenna is measured in a test facility to be 5.00 dBi. What is the
efficiency of the antenna?

2. Determine the far-field electric field produced by:

(a) An ideal dipole oriented parallel to the x-axis.

(b) An ideal dipole oriented parallel to the y-axis.

(c) A half-wave dipole oriented parallel to the x-axis.

(d) A half-wave dipole oriented parallel to the y-axis.

(e) How do the expressions compare to those for the dipoles along the z-axis? Does this
mean the antenna radiation pattern has fundamentally changed?

3. An antenna system is designed in order to generate a minimum power density of 10 mW/m2,
at a distance r = 500 m and angle θ = 90◦ from the z-axis, at 2.4 GHz.

(a) If a half-wave dipole is placed at the origin, what is the minimum required driving
current of the antenna?



(b) Three half-wave dipoles can be employed in the array configuration of the following
figure, each fed by the same input current I . What is the minimum value for this
current, for the former specification to be met?

(c) Determine the distance d between the antennas, if an additional requirement is that the
antenna array pattern have a null at an angle θ = 35◦ from the z-axis. Sketch the pattern
of the array.

4. Assume the array of current elements of currents I1, I2, I3, shown in the following figure.
All elements have equal lengths ∆`. The first and third antenna are at z = ±λ/2.

(a) Find the expression of the radiated far-field from the array.

(b) Sketch the pattern of the antenna on the yz plane if I1 = 1, I2 = j, and I3 = 1.

(c) If I1 = 1, I2 = j and I3 = 1, what is the polarization of the far-field?

5. A base station antenna, operating at 860 MHz, consists of an array of three parallel half-wave
dipoles, spaced 1λ apart (see figure below). The input currents of the three dipoles are shown
in the figure and are given by the expressions: I1 = 1, I2 = 2, I3 = 1.

(a) Determine the radiated electric field (far-field) of the array, for an observation point in
the yz plane.

(b) Draw the radiation pattern of the array, clearly indicating the nulls of the pattern.

(c) What total radiated electric field are you expecting at θ = 0◦?





6. Consider a 900 MHz radio transmitter, driving a half-wave dipole with a complex input
impedance of 73 + j42.5 Ω and a radiation efficiency of 80%. What is the value of the
generator impedance required to provide maximum power transfer between the transmitter
and the antenna? What is the required RMS generator voltage if it is desired to radiate a total
power of 100 mW?


