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Microwave applications
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Applications

• Reminder : Friis formula

• RADAR

• Telecommunication applications

• Heating

• Medical applications
• diathermy, hyperthermia, Thermography, 

Tomography
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Friis' formula
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Consider an isotropic 
source. The power 
density radiated by this 
source at a distance R is 
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Friis' formula

If we consider a real antenna (non isotropic), we obtain
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ge : gain of the antenna
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Which yield for an receiving antenna having an 
effective aperture Ae

Friis' formula
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The received power at a point R is given by :

Thus finally, we obtain Friis' formula
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Reminder

The antenna gain and effective aperture are linked by :
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Radio Detection And Ranging
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Equivalent RADAR surface
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Equivalent RADAR surface : Optical 
limit

PEC targets optical limit of effective radar
surface
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cone (axial
incidence)
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Equivalent RADAR surface : Optical 
limit
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Pulse RADAR
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Chirp RADAR
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Chirp RADAR
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Doppler effect

a) b)

c) d)

A moving source
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Thus, for =0 and for the emitter and 
receiver placed at the same location, 
and for a car moving away from the RADAR
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Example : frequency shift in a cell 
phone

For a cell GSM 900 phone system (Tx 890-915 MHz, RX 935-960
MHz) and a vehicle having a velocity of 140 km/h, there will be a 
spread of the spectrum of 248 Hz
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Telecommunication
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Attenuation in free space
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Friis' formula
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• Pr is the received power 

• Pf is the transmitted 
power

• g1,g2 are the antenna 
gains  

•  is the wavelength 

• L is the distance 
between the antennas 
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Attenuation in the atmosphere
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Inhomogeneity of the atmosphere
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Inhomogeneity of the atmosphere
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Inhomogeneity of the atmosphere

Fictive Earth radius
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Diffraction on obstacles

DIFFRACTION ON OBSTACLES
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Diffraction on obstacles
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Obstacle free link
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Obstacle free link
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Obstacle free link
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Mobile communication
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MAG-EPFL 32
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MAG-EPFL 34
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Satellite communication
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The 3rd Keppler law allows to determine the revolution 
period T of a satellite as a function of its elliptical orbit
half axis a or its altitude h=a-R

Geostationary orbit :

T= 1 sideral day
T= 23 h 56 m 4 sec

Thus  h= 35786
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