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(25 points)

For a receiving antenna, the directivity D is given to be 500 at the reception
frequency of 12,500 MHz. For this antenna, calculate

a. the maximum effective area A, at the incoming signal frequency.

b. the maximum received power P, for an incoming signal power density of Si,, =
1 pW/m?,

c. the rms field strength E of the incoming signal.

d. the rms open circuit voltage developed across the antenna terminals given that
Ra of the receiving antenna is 450 ohms.
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2. (25 points)

A two-element Yagi antenna of identical length dipoles and inter-element
separation of 0.1 A is sketched in Fig. 1.

¥ Driven antenna
N
<— 0.1 A X
#1

Short circuited
antenna

Fig. 1. A two-element Yagi antenna.

Given that the current I/I; = 0.85 P and the impedances Zj; = Zy; = 50 —j100
ohms,

pts

7  a. calculate the mutual impedance 7, between the two antennas.

8  b. calculate the feed point impedance Z; for the driven antenna #1.

10 c. would this antenna system radiate more or less to the right side of antenna #17

For 10 extra points:

d. calculate the ratio of the relative power densities on the right and left 51des of
the antenna along the x-axis.
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(30 points)
A colinear antenna array of ten half-wavelength (A/2) rectangular slots may be

represented by a colinear array of complementary half-wave dipoles. Given that the
center-to-center separation between this array along the z-axis is d =2, '

a.  write an expression for the array factor for this colinear Zz-directed antenna
array of slots in terms of angle 0 relative to the z-axis.

b.  calculate the phase shifts needed to get maximum/principal lobes of radiation
for 6, = £45°.

c. calculate the gain of the (slot) antenna array neglecting mutual impedance
effects.

d.  calculate the BWFN (beam width between first nulls) for the principal lobes.
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4. (30 points)

Design a rectangular aperture panel antenna that may be used as a base station
antenna with a half-power beamwidth of 90° in the horizontal plane and 15° in the
vertical plane for use at the cell phone frequency of 1900 MHz. Assuming am = 1,
cos (mX/L) type distribution,

a.  calculate the dimensions Ly and Ly for this rectangular aperture antenna along
horizontal (x) and vertical (y) axes, respectively.

7 b. calculate the gain of the antenna in decibels.

8 ¢ what is the power received by this antenna from a user’s cell phone given that
Sine=1 pW/mz?

7 d. calculate the power amplification in dB required for a re-radiated power
output of 5SW.

Hint: This antenna may be considered similar to a pyramidal horn antenna with
rectangular aperture.
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