
Radar Systems

Basic Values

Speed of light 𝑐 = 300, 000, 000𝑚
𝑠

Boltzmann’s constant 𝐾𝐵 = 1.38 × 10{−23} 𝐽
𝐾

Basic Formulas

Geometry

Angle between vectors:

𝜃 = arccos( 𝑎 ⋅ 𝑏
|𝑎| |𝑏|

)

Wavelength

𝜆 = 𝑐
𝑓

Range / Time Relation

𝑇𝑅 = 2𝑅
𝑐

𝑅 = 𝑐𝑇𝑅
2

1𝜇𝑠 = 150𝑚

Doppler Shift

𝑓𝐷 = 2𝑣 cos(𝜃)
𝜆

Pulse Repetition Frequency

PRF = 1
𝜏

dB

𝑃Watt = 10
𝑃dbm−30

10

ratio = 10 dB
10

dB = 10 log10(ratio)

Maximum Unambiguous Range

MUR = 𝑐
2 PRF



Ellipse Equations

𝑒 = 𝐹1𝐹2

𝑉1𝑉2

𝑎 = 𝑉1𝑉2
2

𝑅1(𝜃) = 𝑎 1 − 𝑒2

1 + 𝑒 cos(𝜃)

Radar

Radar Range

𝑃𝑟 = 𝑃𝑡 ⋅ 𝜆2𝐺2𝜎
(4𝜋)3𝑅4

𝑃𝑡 = (4𝜋)3𝑅4𝑃𝑟
𝜆2𝐺2𝜎

𝑅 = 4√[𝑃𝑡𝜆2𝐺2𝜎
(4𝜋)3𝑃𝑟

]

𝑃𝑟 = Received Power

𝜎 = RCS (Radar Cross Section)

𝜆 = Wavelength

𝐺 = Antenna Gain

𝑃𝑡 = Transmitted Power

𝑅 = Range

For a Bistatic Radar, replace 𝑅4 with 𝑅2
𝑡 𝑅2

𝑟  where 𝑅𝑡 is the range from the transmitter to the target 

and 𝑅𝑟 is the range from the target to the receiver.

Minimum Target Separation

𝑆 = 2𝑅 sin(𝜃
2
)



𝜃 = Half Power Beamwidth

𝑅 = Range

Range Resolution

Δ𝑅 = 𝑐𝜏
2

𝜏  = Pulse Duration

Cell Volume

Cylinder of Radius 𝑆2  and length Δ𝑅

𝑉 = 𝜋(𝑆
2

)
2

Δ𝑅

SNR

𝑇eq = 𝑇𝐴 + (𝐹 − 1)𝑇0

SNR = 𝑃𝑟
𝐾𝐵𝑇eqΔ𝑓

𝐾𝐵 = Boltzmann’s constant = 1.38 × 10{−23} 𝐽
𝐾

𝐹  = Noise Figure

𝑇𝐴 = Antenna Noise Temperature

𝑇0 = Reference Temperature

Δ𝑓  = Receiver Noise Bandwidth

SNR Value:



False Alarm Calculation

𝑃FA = 1
𝐵IF𝑇fa

𝑃FA = 𝑒−𝑉 2
𝑇
2 ⋅Ψ

𝑃FA = Probability of False Alarm

𝑉𝑇 = √2 ⋅ Ψ ⋅ log𝑒(
1

𝑃FA
) = 𝑛rms√log𝑒(

1
𝑃FA

)

𝐵IF = Detector Frequency Bandwidth

𝑇fa = Time Interval for False Alarm

𝑛rms =
√

2 ⋅ Ψ

Ψ = 𝑛2
rms
2

𝑉𝑇  = Threshold Voltage

SNR𝑇 = 𝑉 2
𝑇

2 ⋅ Ψ



SNR = log𝑒(
1

𝑃FA
)

( 𝑆
𝑁

)
𝑇

= 10 log10(log𝑒(
1

𝑃FA
)) dB



Integration

Efficiency of Integrator 𝐸𝑖(𝑛) = 𝐼(𝑛)
𝑛  Integration Loss 𝐿𝑖(𝑛) = 10 log( 1

𝐸𝑖(𝑛))



CW Radar

Doppler Shift

Shifted frequency:

𝑓 ′ = 𝑓 𝑐 + 𝑣
𝑐

Frequency shift:

𝑓𝑑 = 𝑓 ′ − 𝑓 = 𝑓𝑣
𝑐

= 𝑣
𝜆

For Monostatic Radar, replace 𝑣 with 2𝑣 cos(𝜃)

FMCW Radar

𝑡𝑑
𝑇𝑠

= 𝑓𝑏
𝐵sweep

𝑅 = 𝑐𝑇𝑠𝑓𝑏
2𝐵sweep

Zero Crossings:

𝑅 = 𝑐𝑁
4Δ𝑓



𝑡𝑑
𝑇𝑠

= 𝑓𝑏
𝐵sweep

𝑅 = 𝑐𝑇𝑠𝑓𝑏
2𝐵sweep

Beat frequency:

𝑓𝑏 = 4𝑅𝑓𝑚Δ𝑓
𝑐

Δ𝑓  = Sweep frequency range

With Doppler shift:

𝑅 = 𝑐𝑇𝑠𝑓𝑏
4𝐵sweep

(𝑓bd + 𝑓bu)



𝑣𝑟 = 𝜆
4
(𝑓bd + 𝑓bu)

MTI

nth blind speed:

𝑣blind,n = 𝑛𝜆
2
𝑓𝑝

For staggered pulses:

𝑣blind = average of pulse proportions ⋅ 𝑣blind_1
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