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Topics: generalized array factor, aperture antennas

1. Consider the following combination of three half-wave dipole antennas:

The z-oriented antennas are center-fed with same input currents I1, while the x-oriented
antenna is center-fed with input current I2. Find the minimum distance d that satisfies the
following design specifications for this system:

(a) I1 = 4I2.

(b) The z-component of the radiated electric field (far-field) in the direction specified by
θ = φ = 90◦, is zero.

What is the minimum distance from the origin of the provided Cartesian system for which
the far-field formulas hold?



2. Design and plot the array factor for an ordinary endfire, five-element, uniformly excited array
with spacing d = 0.35λ. Find the inter-element phase shift α.

3. Design a broadside linear array of four parallel half-wave dipole antennas, for as narrow a
beamwidth as possible in the yz plane and no level outside the main beam above −8 dB
relative to the main beam peak. The excitations are uniform. Assume the array is along the
z-axis and the elements are parallel to the x-axis.

(a) Find the spacing d.

(b) Sketch the polar patterns in the yz plane.

4. An antenna operating at 150 MHz has a physical aperture area of 100 m2, a gain of 23 dB,
and a directivity of 23.5 dB. Compute:

(a) The effective aperture Ae.

(b) The maximum effective aperture Aem.

(c) The aperture efficiency eap.

5. A horn antenna with a 185.5 × 137.4 cm rectangular aperture has the following measured
parameter values at 0.44 GHz: θ1 = 27◦, θ2 = 30◦, and G = 15.5 dB.

(a) Compute the aperture efficiency.

(b) Estimate the gain from the measured half-power beamwidths.

6. A 3.66 m diameter circular parabolic reflector operates at 460 MHz. The measured parame-
ters of this antenna are G = 22.2 dB, θ1 = θ2 = 12.5◦. Estimate the gain using:

(a) The area of the antenna.

(b) The half-power beamwidths.

7. A satellite is 42, 000 km from the center of the earth. If the −3 dB pattern points fall near
the edge of the earth, find an approximate value for the spacecraft antenna gain. The radius
of the earth is 6, 378 km and the satellite uses a circular aperture. Note that the result is
independent of frequency.

8. A 4 GHz (C-band) parabolic dish earth-station antenna requires a signal-to-noise ratio of
20 dB, in order to detect properly signals coming from a satellite parabolic dish antenna of
diameter equal to 5 m, whose transmit power is 5 Watts. The noise power received by the
earth-station antenna is 4.14× 10−14 Watts.

(a) What is the minimum diameter that the earth-station dish has to have in order to achieve
the required signal-to-noise ratio? Assume the aperture efficiency of the satellite an-
tenna is 50%. Also, assume that at first approximation, the earth-station antenna has
90% aperture efficiency. The distance between the two antennas is 36, 000 km.



(b) Consider another design specification for the earth-station antenna. The earth-station
antenna is a circular aperture antenna. Assuming that two satellites have an angular
separation of two degrees, what is the minimum gain that the antenna should have, in
order to resolve signals coming from successive satellites? Assume that the antenna
approximately receives signals only within its half-power beam width.

9. Calculate the space factors of the following continuous linear array current distributions:

(a) Uniform distribution
I(z) = I0rect
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(b) Triangular distribution
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(c) Cosine distribution
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(d) Cosine-squared distribution
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