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Figure 1: Transmitting and receiving antennas for derivation of Friis transmission equation 

 

Friis transmission equation is essential in the analysis and design of wireless 

communication systems. It relates the power fed to the transmitting antenna and the  

power  received  by  the  receiving  antenna  when  the  two  antennas  are separated 

by a sufficiently large distance. A transmitting antenna produces power density  

Wt (θt, ∅t )  in the direction (θt, ∅t ) . This power density depends on the transmitting 

antenna gain in the given direction G1(θt, ∅t )  , on the power of the transmitter Pt 

fed to it, from another antenna with gain  G2(θt, ∅t )  separated by a distance R, and 

operating at frequency f or wavelength lambda. 

 

Here, 𝑒𝑡 denotes the radiation efficiency of the transmitting antenna and 𝐷𝑡 is its 

directivity. The power 𝑃𝑟 at the terminals of the receiving antenna can be expressed 

by its effective area. 

 

𝑃𝑟  = 𝐴𝑟𝑊𝑡 

To include polarization and losses in the receiving antenna, we add the radiation 

efficiency of the receiving antenna 𝑒𝑟 and the PLF: 

 

If the impedance-mismatch loss factor is included in both the receiving and the 



Communication Link                And Wave Propagation          ntennaA                      4Lecture   

 

 

Technical College / communication Dept.              2                           By: Ghufran M. Hatem                    

 

transmitting antenna systems, the ratio of the received to the transmitted power 

becomes 

 

This equation is known as the Friis Transmission Equation and it relates the power 

𝑃𝑟 (delivered to the receiver load) to the input power of the transmitting antenna 𝑃𝑡. 

The term (𝜆/4𝜋𝑅)2 is called the free-space loss factor, and it takes into account the 

losses due to the spherical spreading of the energy by the antenna. Friis transmission 

equation is the basis to find the RADAR range equation. For the case of impedance-

matched and polarization-matched transmitting and receiving antennas, Friis 

equation reduces to 

 

At this point, we are in a position to define the term effective (or equivalent) 

isotropically radiated power, EIRP, a term frequently used in communication systems. 

It is defined as the power gain of a transmitting antenna in a given direction multiplied 

by the net power accepted by the antenna from the connected transmitter. Suppose an 

observer is located in the direction of maximum radiation from a transmitting antenna 

with input power 𝑃𝑡, then 

𝐸𝐼𝑅𝑃 =  𝑃𝑡 𝐺𝑡  

2-Radar Range Equation 

The radar range equation (RRE) gives the ratio of the transmitted power (fed to the 

transmitting antenna) to the received power, after it has been scattered (re-radiated) by 

a target of cross-section 𝜎. 

Consider a radar with an omnidirectional antenna (one that radiates energy equally in 

all directions). Since these kinds of antennas have a spherical radiation pattern,  
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Assume the power density of the transmitted wave at the target location (assuming a 

lossless propagation medium) is 

 

 

 

 

𝑊𝑡 =
𝑃𝑒𝑎𝑘 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟

𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑠𝑝ℎ𝑒𝑟𝑒
   (

𝑤𝑎𝑡𝑡𝑠

𝑚2
) 

 

𝑊𝑡 =
𝑃𝑡

4𝜋𝑅2
 

Where 𝑊𝑡 the peak is transmitted power and 4𝜋𝑅2  is the surface area of a sphere of 

radius R.  

Radar systems utilize directional antennas in order to increase the power density in a 

certain direction. Directional antennas are usually characterized by the antenna gain 𝐺𝑡  

and the antenna effective aperture 𝐴𝑒. 

 

The power density at a distance R away from a radar using a directive antenna of gain   

is then given by 
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𝑊𝑡 =
𝑃𝑡 𝐺

4𝜋𝑅2
 

The radar cross section 𝜎 is defined as the ratio of the power reflected back to the 

radar to the power density incident on the target. 

 

Where 𝑃𝐷  is the power reflected from the target. Thus, the total power delivered to 

the radar signal processor by the antenna is  

 

 

Substituting the value of 𝐴𝑒  yeild. 

 

Let  𝑆𝑚𝑖𝑛  denote the minimum detectable signal power. It follows that the maximum 

radar range 𝑅𝑚𝑎𝑥  is 

 

In practical situations the returned signals received by the radar will be corrupted with 

noise, which introduces unwanted voltages at all radar frequencies.  Noise is random 

in nature and can be described by its Power Spectral Density (PSD) function. The noise 

power N is a function of the radar operating bandwidth, B. More precisely 

 

The input noise power to a lossless antenna is 
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Where 𝑘 = 1.38 × 10−23 joule degree ⁄  Kelvin Boltzmann is's constant, and 𝑇𝑒  is 

the effective noise temperature in degrees Kelvin. It is always desirable that 

 

(𝑆𝑁𝑅)𝑖and (𝑆𝑁𝑅)𝑜 are, respectively, the Signal to Noise Ratios (SNR) at the input 

and output of the receiver.𝑆𝑖   is the input signal power;  𝑁𝑖   is the input noise power.  

𝑆𝑜 and 𝑁𝑜  are, respectively, the output signal and noise power.  Rearranging terms 

yields: 

 

Thus, the minimum detectable signal power can be written as 

 

The radar detection threshold is set equal to the minimum output SNR, gives 

 

or equivalently, 

 

In general, radar losses denoted as L reduce the overall SNR, and hence 

 

This equation is widely known as the Radar Equation. 

  

 


