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Introduction to Radars

Lecture 3:  Unmodulated CW Radar 

By Dr. Sanjay Vidhyadharan
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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 Radars 

𝑃𝑟𝑖𝑚𝑎𝑟𝑦 𝑃𝑢𝑙𝑠𝑒𝑑 𝑅𝑎𝑑𝑎𝑟𝑠

𝑀𝑎𝑥 𝑅𝑎𝑑𝑎𝑟 𝑅𝑎𝑛𝑔𝑒 𝑅𝑚𝑎𝑥 =
𝑃𝑡𝐺𝜎𝐴𝑒

(4𝜋)2𝐹𝑛𝑘𝑇𝐵𝑛 ൗ
𝑆𝑜

𝑁0 𝑚𝑖𝑛

ൗ1
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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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Doppler Effect

𝑨𝒊𝒓𝒄𝒓𝒂𝒇𝒕 𝑺𝒕𝒂𝒊𝒐𝒏𝒂𝒓𝒚
𝑻𝒂𝒏𝒔𝒎𝒊𝒊𝒕𝒊𝒏𝒈 𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 = 𝑹𝒆𝒄𝒆𝒊𝒗𝒊𝒏𝒈 𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚

E.g. Transmitting  at  0,1,2 ,3, ,…ns 
If travel time is 1000 ns  
Received  will be 1000, 1001, 1002, 1003…..
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Doppler Effect

𝑨𝒊𝒓𝒄𝒓𝒂𝒇𝒕 𝑴𝒐𝒗𝒊𝒏𝒈 𝑰𝒏
𝑻𝒂𝒏𝒔𝒎𝒊𝒊𝒕𝒊𝒏𝒈 𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 = 𝑹𝒆𝒄𝒆𝒊𝒗𝒊𝒏𝒈 𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚

E.g. Transmitting  at  0,1,2 ,3, ,…ns 
Travel time is 1000 , 999.5, 999, ….ns
Received  will be 1000, 1000.5, 1001,..

𝑓𝑑 =
2 𝑑𝑅

𝜆𝑑𝑡
=

2𝑣𝑟

𝜆
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CW Radar

𝑓𝑑 =
2 𝑑𝑅

𝜆𝑑𝑡
=

2𝑣𝑟

𝜆The sign of 𝑓𝑑 is lost in this process

The purpose of the doppler amplifier is to eliminate echoes from stationary targets and to

amplify the doppler echo signal to a level where it can indicate a moving object.

The low-frequency cutoff must be high enough to reject  d-c component caused by stationary 

targets, but  it should be low enough to pass the smallest doppler frequency expected
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CW Radar

https://www.radartutorial.eu/02.basics/Continuous%20Wave%20Radar.en.html
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CW Radar

Superheterodyne CW doppler radar
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CW Radar

Frequency spectrum of CW received signal 

Frequency spectrum (a) infinite duration and (b) finite duration

The aircraft cross section can change by 15 dB for a change in target aspect of as little as 1/30

The echo signal from a propeller-driven aircraft can also contain modulation components at a 

frequency proportional to the propeller rotation
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CW Radar

Block diagram of  IF doppler filter bank
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CW Radar

Measurement of doppler direction using synchronous, two-phase motor

𝐸𝑡 = 𝐸0𝐶𝑜𝑠𝜔0𝑡

𝐸𝑟 = 𝐸0𝐶𝑜𝑠[(𝜔0±𝜔𝑑)𝑡 + 𝜙]

𝐸𝐴 = 𝑘𝐸0𝐶𝑜𝑠(±𝜔𝑑𝑡 + 𝜙)

𝐸𝐵 = 𝑘𝐸0𝐶𝑜𝑠(±𝜔𝑑𝑡 + 𝜙 +
𝜋

2
)
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Applications CW Radar

Doppler Navigation System
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Applications CW Radar

Speed Guns

Autonomous Vehicles

Weather Radars
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Thankyou
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