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𝑃𝑟
𝑃𝑒

= 𝑔𝑒 𝑔𝑟
𝜆

4𝜋𝐷

𝑒

10 log10
𝑃𝑟
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𝜆
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𝑒
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𝑃𝑟
𝑁0𝑑𝐵

− 10 log10 𝑅𝑏 =
𝑃𝑟
𝑘𝑇𝑑𝐵

− 10 log10 𝑅𝑏
𝑃𝑟 = 𝑃𝑡 𝐺𝑡 𝐺𝑟

𝜆

4𝜋𝐷

𝑒

= EIRP Gr
1

𝛼0

𝑔𝑡 =
4𝜋

𝜆2
𝐴𝑒 𝑔𝑡 = 10, 𝐺𝑡 = 10 log10 𝑔𝑡 = 10 dBi

EIRPdBW = 𝑃𝑡𝑑𝐵𝑊 + 𝐺𝑡𝑑𝐵𝑖

𝛾 =
𝑃𝑟
𝑁0

=
𝑃𝑟
𝑘𝑇𝑟

, 𝑃𝑟𝑑𝐵𝑊 = 𝐸𝐼𝑅𝑃𝑑𝐵𝑊 + 𝐺𝑟𝑑𝐵𝑖 − 𝛼0𝑑𝐵

𝛾𝑑𝐵𝐻𝑧 = 𝐸𝐼𝑅𝑃𝑑𝐵𝑊 − 𝛼0𝑑𝐵 + 𝐺𝑟𝑑𝐵𝑖 − 10 log10 𝑘 − 10 log10 𝑇𝑟

𝜂𝑑𝐵 = 𝐸𝐼𝑅𝑃𝑑𝐵𝑊 + 𝐺𝑟𝑑𝐵𝑖 − 𝛼0𝑑𝐵 − 10 log10 𝑘 − 10 log10 𝑇𝑟 − 10 log10 𝑅𝑏

Transmitter

Receiver gain

Path loss

Noise

Data rate



S10E02: part 2
 Friis transmission formula (slide 29):

 Path loss:

 Transmission antenna gain: 

 Signal (power) to noise ratio:

 Energy-per-bit to noise-power-density

𝑃𝐿 = 𝛼0 =
4𝜋𝐷

𝜆

𝟑

𝜂 =
𝐸𝑏
𝑁0

=
𝑃𝑟𝑇𝑏
𝑁0

=
𝑃𝑟

𝑁0𝑅𝑏
=

𝛾

𝑅𝑏

𝜂𝑑𝐵 =
𝑃𝑟
𝑁0𝑑𝐵

− 10 log10 𝑅𝑏 =
𝑃𝑟
𝑘𝑇𝑑𝐵

− 10 log10 𝑅𝑏
𝑃𝑟 = 𝑃𝑡 𝐺𝑡 𝐺𝑟

𝜆

4𝜋𝐷

𝑒

= EIRP Gr
1

𝛼0

𝑔𝑡 =
4𝜋

𝜆2
𝐴𝑒 𝑔𝑡 = 10, 𝐺𝑡 = 10 log10 𝑔𝑡 = 10 dBi

EIRPdBW = 𝑃𝑡𝑑𝐵𝑊 + 𝐺𝑡𝑑𝐵𝑖

𝛾 =
𝑃𝑟
𝑁0

=
𝑃𝑟
𝑘𝑇𝑟

, 𝑃𝑟𝑑𝐵𝑊 = 𝐸𝐼𝑅𝑃𝑑𝐵𝑊 + 𝐺𝑟𝑑𝐵𝑖 − 𝛼0𝑑𝐵

𝛾𝑑𝐵𝐻𝑧 = 𝐸𝐼𝑅𝑃𝑑𝐵𝑊 − 𝛼0𝑑𝐵 + 𝐺𝑟𝑑𝐵𝑖 − 10 log10 𝑘 − 10 log10 𝑇𝑟

𝜂𝑑𝐵 = 𝐸𝐼𝑅𝑃𝑑𝐵𝑊 + 𝐺𝑟𝑑𝐵𝑖 − 𝛼0𝑑𝐵 − 10 log10 𝑘 − 10 log10 𝑇𝑟 − 10 log10 𝑅𝑏

Transmitter

Receiver gain

Path loss

Noise

Data rate

= 6.2 dB


