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Introduction to Radars

Lecture 2:  Modulated CW Radar 

By Dr. Sanjay Vidhyadharan
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Monostatic and Bistatic Radars 
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Radar Range Equation

𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑃𝑜𝑤𝑒𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝑅𝑎𝑑𝑎𝑟 𝐴𝑛𝑡𝑒𝑛𝑛𝑎 =
𝑃𝑡𝐺𝜎

4𝜋𝑅2
𝑋

1

4𝜋𝑅2
(𝑊/𝑚2)

𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑃𝑜𝑤𝑒𝑟 𝑎𝑡 𝑅𝑎𝑑𝑎𝑟 𝐴𝑛𝑡𝑒𝑛𝑛𝑎 =
𝑃𝑡𝐺𝜎𝐴𝑒
(4𝜋)2𝑅4

(𝑊) 𝐴𝑒 𝐴𝑛𝑡𝑒𝑛𝑛𝑎 𝐸𝑓𝑓𝑐𝑒𝑡𝑖𝑣𝑒 (𝑚
2)

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐷𝑒𝑡𝑒𝑐𝑡𝑎𝑏𝑙𝑒 𝑆𝑖𝑔𝑛𝑎𝑙 𝑆𝑚𝑖𝑛 =
𝑃𝑡𝐺𝜎𝐴𝑒
(4𝜋)2𝑅4

𝑀𝑎𝑥 𝑅𝑎𝑑𝑎𝑟 𝑅𝑎𝑛𝑔𝑒 𝑅𝑚𝑎𝑥 =
𝑃𝑡𝐺𝜎𝐴𝑒

(4𝜋)2 𝑆𝑚𝑖𝑛

ൗ1 4
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Radar Range Equation

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐷𝑒𝑡𝑒𝑐𝑡𝑎𝑏𝑙𝑒 𝑆𝑖𝑔𝑛𝑎𝑙 𝑆𝑚𝑖𝑛

𝑁𝑖 = 𝑘𝑇𝐵𝑛

𝐹𝑛 =
ൗ

𝑆𝑖
𝑁𝑖

ൗ
𝑆𝑜

𝑁0

𝑆𝑖 = 𝐹𝑛𝑘𝑇𝐵𝑛 ൗ
𝑆𝑜

𝑁0

𝑀𝑎𝑥 𝑅𝑎𝑑𝑎𝑟 𝑅𝑎𝑛𝑔𝑒 𝑅𝑚𝑎𝑥 =
𝑃𝑡𝐺𝜎𝐴𝑒

(4𝜋)2𝐹𝑛𝑘𝑇𝐵𝑛 ൗ
𝑆𝑜

𝑁0 𝑚𝑖𝑛

ൗ1 4
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Max Range and PRF

𝑃𝑢𝑙𝑠𝑒 𝑅𝑒𝑝𝑖𝑡𝑖𝑜𝑛 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑃𝑅𝐹
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Classification of Radars

RADAR

Primary Radar

CW Radar

Modulated Unmodulated

Pulsed Radar

MTI Doppler

Secondary Radar
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Primary and Secondary Radars 

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑅𝑎𝑑𝑎𝑟𝑠
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Primary and Secondary Radars 

𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑅𝑎𝑑𝑎𝑟𝑠
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Classification of Radars

RADAR

Primary Radar

CW Radar

Modulated Unmodulated

Pulsed Radar

MTI Doppler

Secondary Radar
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Modulated CW Radar
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Modulated CW Radar

𝑹 =
𝒄𝑻

𝟐

𝑹𝒂𝒕𝒆 𝒐𝒇 𝑪𝒉𝒂𝒏𝒈𝒆 𝒐𝒇 𝒇𝒄 =
∆𝒇

ൗ𝟏 𝟐𝒇𝒎

= 𝟐. ∆𝒇. 𝒇𝒎

𝑪𝒉𝒂𝒏𝒈𝒆 𝒊𝒏 𝒇𝒄 𝒊𝒏 𝑻𝒊𝒎𝒆 𝑻 = 𝒇𝒉 = 𝟐. ∆𝒇. 𝒇𝒎 . 𝑻=
𝟐. ∆𝒇. 𝒇𝒎 𝟐𝑹

𝒄

𝑻𝒂𝒓𝒈𝒆𝒕 𝑹𝒂𝒏𝒈𝒆 𝑹 =
𝒄𝒇𝒉

𝟒. ∆𝒇. 𝒇𝒎

𝑹𝒂𝒅𝒊𝒐 𝑨𝒍𝒕𝒊𝒎𝒆𝒕𝒆𝒓𝒔
𝒇𝒄 = 𝟒. 𝟐 − 𝟒. 𝟒 𝐆𝐇𝐳
∆𝒇 = 𝟏𝟎𝟎 − 𝟐𝟎𝟎 𝐌𝐇𝐳
𝒇𝒎 = 𝟓𝟎 − 𝟑𝟎𝟎 𝑯𝒛
𝑹𝒂𝒏𝒈𝒆 = 𝟏 − 𝟐 𝑲𝒎𝒔
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Modulated CW Radar

𝑹 =
𝒄𝑻

𝟐
𝑻𝒂𝒓𝒈𝒆𝒕 𝑹𝒂𝒏𝒈𝒆 𝑹 =

𝒄𝒇𝒉
𝟒. ∆𝒇. 𝒇𝒎
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Modulated CW Radar

𝑻𝒂𝒓𝒈𝒆𝒕 𝑹𝒂𝒏𝒈𝒆 𝑹 =
𝒄𝒇𝒉

𝟒. ∆𝒇. 𝒇𝒎
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Modulated CW Radar

𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛: 𝑅𝑎𝑑𝑖𝑜 𝐴𝑙𝑡𝑖𝑚𝑒𝑡𝑒𝑟
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Modulated CW Radar

𝐵𝑙𝑜𝑐𝑘 𝐷𝑖𝑎𝑔𝑟𝑎𝑚

ModulatorVCO

50-300 Hz4.2 – 4.5 GHz

Power Amplifier

Coupler
Tx Antenna 

Rx Antenna Mixer LPF

Limiting Amplifier 

Frequency 
Counter
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Modulated CW Radar

𝐵𝑙𝑜𝑐𝑘 𝐷𝑖𝑎𝑔𝑟𝑎𝑚

ModulatorVCO

50-300 Hz4.2 – 4.5 GHz

Power Amplifier

Coupler
Tx Antenna 

Rx Antenna Mixer

DC Tunning Voltage

Phase + Freq 
Discriminator 

VCO

DC Amplifier
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Thankyou
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