
Antennas, Fields and Transmission 
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Electric Field strength at 
distance d from TX antenna 𝐸 = √
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Electric Field vs received 
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Superposition of N 
electromagnetic waves 

Power density:  𝑆𝑡𝑜𝑡𝑎𝑙 =  𝑆1 + 𝑆2 + ⋯ + 𝑆𝑁 

E-Field:   𝐸𝑡𝑜𝑡𝑎𝑙 = √𝐸1
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Antenna Efficiency 𝜂 =
𝑡𝑜𝑡𝑎𝑙 𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟

𝑖𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
 

Antenna directivity  𝐷 =
𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑆

𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑆
 

Antenna gain 𝐺 =
𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑆

𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑖𝑠𝑜𝑡𝑟𝑜𝑝𝑖𝑐  𝑆
= 𝜂 ∙ 𝐷 

Free-space wave impedance 𝑍0 ≅ 377 𝛺 

Speed of light (vacuum) 𝑐 = 299′792′458 𝑚/𝑠 

 

Pt: Transmitted power  Gt: Gain of transmitting antenna 

Pr: Received power   Gr: Gain of receiving antenna 

λ: free-space wavelength d: Distance between the antennas 


