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. Antennas (TPA
TECNICO (TPa)
LISBOA Mini-test — 22 June 2022
Duration: 40 mins
Problem 1.

Consider a spiral antenna with radiation intensity given by U (9) =U__ cos’ @, with 0<H<180°,

and ¢ arbitrary. The oscillation frequency is 300MHz. The polarization of the spiral antenna along
the +z-axis is RCP.

a) (20%) Sketch the radiation pattern of the antenna and find the half-power beamwidth.

b) (20%) If the radiated power is 1kW, find the value of U .

¢) (10%) Sketch the polarization curve for the wave emitted along +z (including the sense of

rotation of the electric field) and mark the polarization state in the Poincaré sphere.

Problem 2.

The Five-hundred-meter Aperture Spherical radio Telescope (FAST), nicknamed “Heaven’s Eye”,
is a radio telescope located in the Dawodang depression, southwest China. FAST has a 500 m
diameter dish (analogous to a parabolic dish antenna) constructed in a natural depression in the

landscape. The telescope observes wavelengths of 10cm to 4.3m.

a) (20%) Determine the gain of the radio-telescope for the minimum and the maximum

frequencies of operation. Take into account that the effective area of a parabolic antenna is

A, =e,A where A=7d*/4 with d the diameter of the dish and e, ~ 0.6 is the so-called

aperture efficiency.
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b) (10%) Suppose that the bandwidth of the receiver is B =10MHz. Find the noise power

(N=k,T.B) with T =3K the  equivalent antenna  temperature  and
ky, =1.38x107 [W xsx K *1] the Boltzmann constant.

c) (20%) Amongst other things, the FAST radio telescope is used to detect possible “techno-
signatures” from other civilizations in the cosmos. Find the minimum power that must be
emitted from a radiator with the same gain as FAST from an exoplanet at a distance of 5
light years from Earth in order that the signal-to-noise (S/N) at the FAST radio-telescope
exceeds 2. Assume optimal receiving conditions and suppose that the wavelength is 21cm.
Note 1: 1 light year = 9.46x10”km.

Note 2: 5 light years is roughly the distance from Earth to the closest exoplanet that is
known today.

Note 3: 21cm is the wavelength corresponding to the lowest spectral line of hydrogen
atoms.

Note 4: In the beginning of June 2022 there have been rumours that FAST picked some
signal that might be a transmission from alien technology. A few days later the detection

was dismissed and attributed to an unexpected terrestrial interference.
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