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PROBLEM SET 7

Topics: safety standards, antenna arrays

1. In downtown Toronto, a high-rise has gone up close to the CN tower as shown in Figure 1.
A new 6 GHz transmitter has been installed at the top of the CN tower. The transmitting
antenna is fed with a 50 W signal, and the transmitting antenna has a gain of 30 dB. Tenants
in the high-rise, particularly those on the top floor, are concerned that emissions from the
new transmitter are unsafe. Is their concern warranted? Numerically justify your answer.
Assume a worst-case EIRP scenario at the top floor of the building.

Figure 1: CN tower problem

2. A uniform linear array of six elements is fed by currents Im = exp[j(m − 1)δ), m =
1, 2, . . . 6, with δ = 120◦. The distance between two successive elements is d = 7λ/12 .
Find the array factor f(ψ) and the “visible region” of this array. Plot the array factor f(θ)
on a polar plot.

3. Consider an array of four collinear, 0.4λ-spaced current elements. All elements are fed with
currents of equal amplitudes |I1| = |I2| = |I3| = |I4| = 1 and phases properly chosen to
steer the main beam peak.



(a) Choose the phase of the currents, in order to achieve a main beam peak at the direction
of 60 degrees from the axis of the array. Sketch the polar plots of the array factor and
the total pattern of the array.

(b) The four-element array is implemented with a feed network. Assuming that the phases
of the four currents are 0◦,−72◦,−144◦ and−216◦ respectively, use the topology of the
following figure and specify the length L (> 0.4λ) of the indicated transmission-line
sections (assuming that they are matched).

Figure 2: Four element collinear array

(c) Now, consider the following feeding network of the 0.4λ-spaced collinear elements.
Assuming that all transmission lines are matched, what is the direction of the main
beam peak for this array, with respect to its axis?

Figure 3: Four element collinear array

Note: For each antenna in figures above, the length of its gap is much smaller than the
wavelength of operation. Assume that despite the bends in the transmission lines, a
traveling-wave of the form exp(−j2πz/λ) is supported throughout both transmission-
line feed networks.

4. Consider a linear uniform array of 3 half-wave dipoles along the z-axis and parallel to the
z-axis. All elements are fed with equal currents (I1 = I2 = I3 = I). The frequency of
operation is f = 900 MHz.

(a) Plot the magnitude of the array factor (AF) for this array as a function of ψ = βd cos θ,
clearly indicating the positions of the nulls.



(b) You are requested to design this array to serve a cellular wireless system, with the
following requirements:

i. The array factor has to have three equally strong major lobes in the directions
θ = 30, 90, 150 degrees (and possibly minor ones in between).

ii. The maximum radiated power density 10 km away from the array should be less
than 0.1 µW/m2, to mitigate interference to other systems.

Choose the distance d (in m) and the current I (in A) to meet these specifications.
Sketch the radiation pattern for the array you designed, clearly indicating the position
of nulls.

5. An antenna array is used for receiving digital HDTV (ATSC) signals at 400 MHz. The array
consists of 4 half-wave dipole antennas as shown in Figure 4. The array is uniformly excited
and spaced, and is situated a distance dg in front of a perfectly conducting ground plane.
Sketch the complete pattern of the array in the xz and xy planes if dg = 187.5 mm (λ/4)
and d = 375 mm (λ/2).

Figure 4: An HDTV antenna

6. A Hansen-Woodyard endfire array has α = −(βd + π/N). Sketch the array factor of a 6-
element array with d = λ/4 spacing and comment on how the pattern differs from a standard
endfire array that has α = −βd.

7. A six element uniformly excited linear antenna array with a uniform spacing of d = 2
3
λ has

been designed using collinear half-wave dipoles along the z − axis with d = 2λ/3.

(a) Plot the normalized array factor AFn(θ) of the array on a polar plot, indicating the
angles of all nulls produced in the pattern.

(b) Determine the first-null beamwidth and half-power beamwidth of the array factor.



(c) Approximately determine the angle(s) θSL of the peak side lobe in the AF. Sketch the
total pattern produced by the antenna array and determine the ratio of the main lobe
radiation intensity to that of the peak side lobe in dB, assuming the introduction of the
dipoles does not shift the side lobe angular locations appreciably.


