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Free space and Pathloss
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Friis equation shows the inverse relationship between received 
power and and distance.

Does a transmitter dissipate RF energy while propagating through 
free space?

• EM waves are absorbed by the H2O and O2 in atmosphere 

• Oxygen absopriton is same at 2.4GHz and 5GHz band

• H20 absoprtion increases by 0.001 dB/km

So what causes the a 6 dB difference in pathloss between 2.4GHz 
and 5GHz Wi-Fi bands?

Pathloss

6 dB



Antenna aperture
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Antenna aperture is an equivalent area over which an antenna 
extracts energy from a passive radio wave. [J.D Kraus]Transmitter Receiver
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Antenna aperture is smaller at higher frequencies. 
Wi-Fi 5GHz antennas capture less RF energy compared to 2.4 GHz antennas



Real world pathloss
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Why Wi-Fi users experience better coverage in the 2.4 GHz band as compared to the 5GHz and 6GHz band?

• Friis equation is applicable only to free space communication, i.e. the Transmitter and Receiver have direct line of sight.
• Wi-Fi signals have to pass through obstacles such as concrete floors, brick walls, wooden and plasters walls, etc whose attenuation 

increases with frequencies.
• Wi-Fi signals specially in residential and enterprise environment undergo attenuation due to Rayliegh fading, caused by reflection, 

scattering and diffraction of Wi-Fi signals which also increase with frequency.

Along with the smaller antenna aperture size, channel properties and enviroment have a significant contribution to the Pathloss.

 How can we account for these channel impairements?
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