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ASSUMED KNOWLEDGE FROM PREVIOUS  CLASS - BLOCK DIAGRAM OF A 

BASIC MONOSTATIC PULSE RADAR SYSTEM



RADAR EQUATION: BASIC ASSUMPTIONS

1. Electromagnetic waves 

propagate under ideal 

conditions, i.e. without 

dispersion.

2. If high-frequency energy 

is emitted by an isotropic 

radiator, then the energy 

propagate uniformly in all 

directions. 

3. Areas have the same power 

density therefore form 

spheres with area, 𝑨 = 𝟒𝝅𝑹𝟐 

around the radiating element. 4
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RADAR EQUATION: DEFINITION (1)

1. Radar equation represents the physical dependences of 
the transmit power, that is the wave propagation up to 
the receiving of the echo-signals. 

2. Echo power Pr returning to the receiving antenna is 
given by the radar equation, depending on the 
transmitted power Pt, the slant range R, and the 
reflecting characteristics of the target normally referred 
to as the the radar scattering cross section). 

3. At known sensitivity of the radar receiver,  the radar 
equation determines what can be  achieved theoretically 
at a given radar range. 

4. The performance of the radar system is usually 
theoretically assessed using the radar equation.



RADAR EQUATION: DEFINITION (2)
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• Radar Equation 

represents the 

fundamental relation 

between the 

characteristics of 

the radar, the target, 

and the received 

signal.

Target/Scatterer



RADAR EQUATION – PHYSICAL CONCEPT
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TARGET/SCATERRER

Monostatic

Bistatic

TARGET/SCATERRER



RADAR EQUIVALENT CIRCUIT
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RADAR EQUATION - PHYSICAL CONCEPT

9

Transmitter

• Transmits at power, 𝑃𝑡

• Gain, 𝐺𝑡

Range from Transmitter

• Denoted as 𝑅1

Range from Receiver

• Denoted as 𝑅2

Target/Scatterer

• Absorbs some of the energy

• Reflects some of the energy

• The rest passes through

• Gain -  𝐺𝑠

• Area = 𝐴𝑟𝑠

Receiver

• Effective area, 𝐴𝑟

• Gain, 𝐺𝑟
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RADAR EQUATION: DERIVATION (1)

Scatterer



4. The scatterer intercepts a portion of the 

power and  reflects (reradiates) it in the 

direction of the radar. 

5. The amount of power reflected toward 

the radar receiver is determined by the 

Radar Cross Section (RCS) of the 

target. RCS is a characteristic of the 

target that represents its size as seen 

by the radar and has the dimensions of 

area.

6. We therefore multiply the power 

spectral density at the scatterer with the 

effective receiving area of the scatterer, 

𝐴𝑟𝑠to get

𝑃𝑟𝑠 =  𝑆𝑠𝐴𝑟𝑠 =
𝑃𝑡𝐺𝑡𝐴𝑟𝑠

4𝜋𝑅1
2

 

11

RADAR EQUATION: DERIVATION (2)

𝑆𝑠 =
𝑃𝑡𝐺𝑡

4𝜋𝑅1
2



7. Some of the energy received 

by the scatter is absorbed 

while the rest is re-radiated in 

all directions.

8.  If the fraction of the absorbed 

energy is 𝑓𝑎 then the re-

radiated power, 𝑃𝑡𝑠 is given by

𝑃𝑡𝑠 =
𝑃𝑡𝐺𝑡𝐴𝑟𝑠 1 − 𝑓𝑎

4𝜋𝑅1
2
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RADAR EQUATION: DERIVATION (3)

𝑃𝑟𝑠 =  𝑆𝑠𝐴𝑟𝑠 =
𝑃𝑡𝐺𝑡𝐴𝑟𝑠

4𝜋𝑅1
2
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RADAR EQUATION: DERIVATION (4)

9. The conduction and 
displacement currents that flow in 
the scatterer result in re-radiation 
that has a pattern (like an 
antenna pattern). 

10.The effective receiving area of the 
scatterer is a function of its 
orientation relative to the 
incoming beam, so that 
Ars applies only for the direction of 
the incoming beam.

11.The re-radiation pattern may not 
be the same as the pattern of Ars, 
and the gain in the direction of the 
receiver is the relevant value in 
the re-radiation pattern. 

12.  Pts is the total reradiated power, 

Gts is the gain of the scatterer in the 

direction of the receiver  and Sr is 

called the spreading factor for the re-

radiation.  
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RADAR EQUATION: DERIVATION (5)

13. The power entering the receiver 

Radar is

where 

–  Ar is the effective aperture of 

the receiving antenna, not its 

actual area.

– 𝑆𝑟 is the power density of the 

echo at the receiver. 

13. Not only is Ar function of 

direction, but it is also a function 

of the load impedance the 

receiver provides to the 

antenna.

14. For example, Pr =0 if the load 

were a short circuit or an open 

circuit.  

rrr ASP =

𝑆𝑟
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RADAR EQUATION: DERIVATION (6)
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RADAR EQUATION: DERIVATION (7)
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RADAR EQUATION: MONOSTATIC RADAR

• In monostatic radar,  

𝑅1 = 𝑅2 = 𝑅 

𝐺𝑡 = 𝐺𝑟 = 𝐺
𝐴𝑟 = 𝐴𝑡 = 𝐴

• The radar equation therefore 
becomes:

𝑃𝑟 =
𝑃𝑡𝐺𝑡𝐴𝑟𝐺𝑟

4𝜋 2𝑅1
2𝑅2

2 =
𝑃𝑡𝐺2𝐴𝑟𝜎

4𝜋 2𝑅4
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RADAR EQUATION: DERIVATION (9)

1. The effective area (effective 

aperture) of an antenna is 

related to its gain by

𝐴 =
𝜆2 

4𝜋
  

2. Therefore, the monostatic radar 

equation can be written as:

𝑃𝑟 =
𝑃𝑡𝐺𝑡𝐴𝑟𝐺𝑟

4𝜋 2𝑅1
2𝑅2

2 =
𝑃𝑡𝐺2𝐴𝑟𝜎

4𝜋 2𝑅4  = 
𝑃𝑡𝐺2𝜆2𝜎

4𝜋 3𝑅4



VISUALIZATION OF THE RADAR EQUATION
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1. Radar Equation derivation:
• Radar Equation Derivation - Electronics and 

Communication Study Materials

2. Online Radar Range Calculator:
• Radar Maximum Range Calculator (pasternack.com)

• Radar Range Calculator - everything RF
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ONLINE RESOURCES

https://www.electronicsandcommunications.com/2019/09/radar-equation-derivation.html
https://www.electronicsandcommunications.com/2019/09/radar-equation-derivation.html
https://www.electronicsandcommunications.com/2019/09/radar-equation-derivation.html
https://www.electronicsandcommunications.com/2019/09/radar-equation-derivation.html
https://www.electronicsandcommunications.com/2019/09/radar-equation-derivation.html
https://www.pasternack.com/t-calculator-radar-range.aspx
https://www.pasternack.com/t-calculator-radar-range.aspx
https://www.everythingrf.com/rf-calculators/radar-range-equations-and-calculator
https://www.everythingrf.com/rf-calculators/radar-range-equations-and-calculator
https://www.everythingrf.com/rf-calculators/radar-range-equations-and-calculator
https://www.everythingrf.com/rf-calculators/radar-range-equations-and-calculator


LIMITATIONS OF THE RADAR EQUATION IN 

RANGE DETERMINATION

1. There are fluctuations and uncertainties 

in target radar cross section which it does 

not take into account.

2. The minimum detectable signal is 

affected by the receiver noise.

3. There are losses in the radar transmitter 

& receiver system.

4. Propagation effects of the earth and the 

atmosphere are not taken into account.
21
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