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1. A Starlink satellite is passing directly above a ground user terminal. The satellite is at an altitude
h=550 km and is located in the vertical direction above the terminal. The downlink frequency is
12.0 GHz and the uplink frequency is 14.0 GHz. The satellite transmits a power of 1.5 W. The
maximum gain of the satellite antenna is G=400 in the vertical downward direction, that is, toward

the Earth. Assume that antenna losses are negligible and neglect the influence of the ground.
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a) (15%) Find the electric field intensity reaching the user terminal.

b) (15%) Suppose that the user terminal is a dipole antenna with length of 1.25cm. Sketch
graphically the dipole orientation with respect to the satellite for maximum reception.

¢) (15%) Consider now that the wave emitted by the satellite has left-hand circular polarization.
Calculate the polarization matching coefficient using the Poincare sphere.

d) (15%) Calculate the received power assuming that the dipole antenna is matched to the load.

e) (10%) Calculate the beam solid angle of the satellite antenna.

f) (10%) Assuming a circular beam footprint and using a flat-Earth approximation, estimate the

radius R of the illuminated area on Earth (see the figure). State clearly the approximations used to
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solve the problem. Based on this calculation, estimate the maximum distance between Starlink

satellites on the same orbit for continuous coverage along the ground track.

2.
a) (15%) Two Hertz dipoles are perpendicular to each other as shown in the figure. Find the mutual
impedance. Justify carefully the answer, and calculate explicitly the field radiated by one dipole on

the top of the other.

b) (5%) Consider the same perpendicular configuration, but with two half-wavelength dipoles
instead of Hertz dipoles. Using the method of images, determine the mutual impedance between the
two dipoles.

Hint: Use an image argument to determine the field produced by one dipole at the location of the

other dipole.
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