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Lecture 1:

•Radar: Radio Detection and Ranging

•Block schematic diagram

•Radar bands

•Radar range equation
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“pulse”

The transmitter “fires” a signal and the receiver waits until it detects the 
echo.
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The waiting time between the epoch of transmit and the epoch of 
receive gives the range.

(note the orders of magnitude!!)

Tp=1/fp.

τ
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RF: radio frequency

IF: intermediate frequency

video: no more modulated 
on a carrier (base band)

Basic block diagram of a pulse radar
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NATO designations are different from IEEE’s standard!
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Radar Range equation
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Or by isolating R:

( )

4/1

min,
3

2

max 4 









=

r

rtt

P
WGGPR

π
λσ

Indicating Pr,min=Smin the equation yields:
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The open terminal voltage of a noisy resistor is sqrt(4kTB)  Volts.

The power that can be dissipated by this resistor can be computed according to the 
following substitution model:

Then the maximum power that can be dissipated in the load R2 is, when R1=R2.

In this case this maximum power is:

1

1

4
4
kTR B kTB
R

=

R2

R1 (noise free)

Voltage 
source.



Lecture 1, Page 12

Introducing the noise figure F as:
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Substituting this in the radar range equation and including loss factors on
transmit and receive:
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Example: Radar range equation

numerator denominator

Peak power 10log(P) P=50 kW 47

Antenna Gain 20log(G) G=33 dB 66

RCS 10log(RCS) RCS=1 m2 0

Wavelength 20 log(λ) λ=0.1 m -20

(4π)3kT0 -171

Bandwidth 10 log(B) B=1 MHz 60

Noise figure 3 dB 3

Required S/N Pd=80%; Pfa=10-6 17.9

Transmit and receive losses 1+2 dB 3

Subtotals 93 -87.1

40 log Rmax = 180.1 dB  → Rmax=31805 m.
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