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Unit – I: Basics of Radar, Radar equation 

 

Important Points / Definitions:  

 The name Radar stands for Radio Detection and Ranging. 

 Radar is a remote sensing technique: Capable of gathering information about objects 

located at remote distances from the sensing device. 

 Radar is an electromagnetic system for the detection and location of objects (Radio 

Detection and Ranging). Radar operates by transmitting a particular type of waveform 

and detecting the nature of the signals reflected back from objects. 

 Radar can‟ t resolve detail or color as well as the human eye (an optical frequency 

passive scatter meter). 

 Radar can see in conditions which do not permit the eye to see such as darkness,haze, 

rain, smoke. 

 Radar can also measure the distances to objects. The elemental radar system consists of a 

transmitter unit, an antenna for emitting electromagnetic radiation and receiving the 

echo, an Energy detecting receiver and a processor. 

 Once the pulse is transmitted by the radar a sufficient length of time must elapse before 

the next pulse to allow echoes from targets at the maximum range to be detected. Thus 

the maximum rate at which pulses can be transmitted is determined by the maximum 

range at which targets are expected. This rate is called the pulse repetition rate (PRF). 

 The range beyond which second time around pulses occur is called the maximum 

unambiguous range. 

 RUNAMBIG = c/2f P                      Where fP is the PRF in Hz. 

 Power density of the echo signals at the radar = 
Pt G

4πR2  
σ

4πR2 

 Now the maximum range Rmax is the distance beyond which the target cannot be 

detected due to insufficient received power Pr, the minimum power which the receiver 

can detect is called the minimum detectable signal Smin. 

Rmax=  
𝑃𝑡𝐺  𝐴𝑒𝜎

(4𝜋)2𝑆𝑚𝑖𝑛
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 Applications of Radar: Air Traffic Control,  Air Navigation , Remote Sensing, Military. 

 Noise is unwanted EM energy which interferes with the ability of the receiver to detect 

wanted signals. Noise may be generated in the receiver or may enter the receiver via the 

antenna. 



𝑅𝑚𝑎𝑥
4 = 

𝑃𝑡𝐺  𝐴𝑒𝜎

(4𝜋)2𝑘  𝑇0𝐵𝑛𝐹𝑛 (
𝑆0
𝑁0

)𝑚𝑖𝑛

 

 The process of summing radar echoes to improve detection is called integration. 

 Integration before detection is called pre-detection or coherent detection, Integration 

after detection is called post-detection or noncoherent integration. 

 

Questions  
1. Draw the block diagram of a Pulsed radar and explain its operation. 

2.  Write the relative factors between the radar‟s cross section of the target and its true 

cross sections. 

3.  Derive basic radar‟s equation. 

4.  Explain about the frequencies used for radar. 

5. What is meant by minimum detectable signal in radar. Discuss the effects of integration 

of radar pulses. 

6. Explain about radar cross section of targets. 

7.  Discuss about detection of signals in noise. 

8.  Describe the different noise components present in radar systems. 

 

 

Fill in the blanks / choose the Best:  

1. Radar means Radio Detection and Ranging. 

2. 1nmi =  1.85km = 1850m. 

3. The un-ambigious Range equation is cTp/2. 

4. The Duplexer switches the antenna between the transmitter and receiver so that only one 

antenna can be used. 

5. The mixer and the local oscillator in radar block diagram convert the RF signal to an IF 

(intermediate frequency) signal. 

6. Radars are usually operated at frequencies between 220 MHz and 35 GHz. 

7. The maximum range Rmax (in meters) of a radar as,  Rmax=  
𝑃𝑡𝐺 𝐴𝑒𝜎

(4𝜋)2𝑆𝑚𝑖𝑛
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8. The maximum range of a radar depends on all of the following except  

a. peak transmitted pulse power 

b. direction of movement of target 

c. target area 

d. capture area 

9.  Max radar range is --- proportional to wavelength  

a. directly proportional 

b. inversely proportional 

c. square proportional 

d. cube root 

10. In radar --- used for Transmitting and receiving purposes  

a. antennas 

b. diodes 

c. tubes 

d. cables 

11. The antenna used for radar is  

a. paraboloidal antenna 

b. isotropic radiator 

c. resonant antenna 

d. whip antenna 



12. In a radar when the return echo arrives after the allocated pulse interval, then          

       a. The receiver will get overloaded 

       b. It may interfere with the operation of the transmitter 

       c. The target will appear closer than it really is  

       d. It will not be received 

13. What is the cause of “second time around” echoes?   

       a. Echoes that arrive after transmission of the next pulse 
       b.Extreme ends of bandwidth 

       c. Second time reflection from target 

       d. Echoes returning from targets beyond the cathode ray tube range 

14. Magnetrons are commonly used as radar transmitters because  

a. it has least distortion. 

b. it is easily cooled 

c. it is a cumbersome device 

d. high power can be generated and transmitted to aerial directly from 

oscillator 

 

Unit – II: CW & FM-CW Radar 

 

Important Points / Definitions:  

 CW radar detects objects and measures velocity from Doppler shift.  CW radar sets 

transmit a high-frequency signal continuously. 

 When there is a relative motion between Radar and target is based on recognizing the 

change in the echo-signal frequency caused by the Doppler Effect. 

 If distance between observer and the source is increasing, the frequency apparently 

decreases, where as the frequency apparently increases if the distance between the 

observer and the source is decreasing is known as Doppler frequency. 

o 2πfd = 4πvr/λ,                          fd = 2vr/λ 

 The main impotence of providing isolation between transmitter and receiver is to 

eliminate the transmitter leakage signal. 

  Generally separate antennas are used for transmission and reception, so that there is no 

chance of leakage entering the receiver. Even the isolation between transmitter and 

receiver is possible using a single antenna as in CW Radar. 

 The isolation between transmitter and receiver can be obtained with a single antenna 

(like CW Radars) by using a hybrid junction, circulator, turnstile junction or with 

separate polarizations. Even though the isolation achieved by hybrid junctions such as 

magic Tee, rat race or directional coupler is 60 dB in extreme cases, the isolation in 

practical cases is limited 20 or 30 dB. 

 The FM-CW radar principle is used in the aircraft radio altimeter to measure height 

above the surface of the earth. The large backscatter cross section and the relatively short 

ranges required of altimeters permit low transmitter power and low antenna gain. Since 

the relative motion between the aircraft and ground is small, the effect of the Doppler 

frequency shift may usually be neglected. 

 The maximum unambiguous range Runamb is Runamb = c/2Δf. 

 

Questions  
1. Explain about Doppler effect. 

2.  Explain the operation of CW radar with neat block diagram. 

3.  derive the expression for the velocity of the target when the target is moving away from 

the radar in the case FM-CW radar. 



4.  Explain the principle of operation FM –CW altimeter with suitable diagrams. 

5.  Determine the beat frequency due to range and the quantization error if range=100m, 

and the frequency excursion is 75Hz and modulating frequency is 1Khz. 

6.  Explain the operation of sideband superhetreodyne CW Doppler radar with block 

diagram. 

7.  Explain how the noise signals are limiting the performance of FM-altimeter . 

8.  What are advantages and disadvantages of FM-CW radar over multiple frequency CW 

radar. 

 

 

Fill in the blanks / choose the Best:  

1. FMCW radar Frequency-Modulated Continuous Wave radar. 

2. Continuous-wave (CW) radar uses Doppler, which renders the radar immune to 

interference from large stationary objects and slow moving clutter. 

3. CWFM radar is a short-range measuring radar set capable of determining distance. 

4. CW radar sets transmit a high-frequency signal continuously. 

5. When the target is stationary, the frequency of the received echoes is constant. 

6. Stagger PRF is used to shift the target velocities to which the MTI system is blind 

7. COHO stands for coherent local oscillator. 

8. If the peak transmitted power in a radar system in increased by a factor of 16, the 

a. Maximum range will be increased 2 times. 

9. The radar cross section of a target depends on the aspect of a target, if this is non 

a. spherical. 

10. A CW radar cannot give information about  

a. range 

b. direction 

c. both range and direction 

d. range, direction and past track 

11. CW radar gives   

a. Radar of target 

b. Radial velocity of target 

c. Size of target 

d. Colour of target 

12.  CW radar can be   

a. Mono static only 

b. Mono static and bi-static 

c. Static only 

d. Non-Doppler 

13. What is the name given to the portable electronic instrument for measuring microwave 

electronic distance? 

a. Tellurometer      

b.  Infrared wave instruments                 

c. Tachometer  

d.  None of the above 

14. If the transmitted and received signals are compared in a phase detector , the output is ---    

----- proportional to the phase difference. 

a. directly    

b. inversely  

c. no relation  

d. cannot be determined   



 

Unit – III: MTI & Pulse Doppler Radar 

 

Important Points / Definitions:  

 MTI Radar means moving target indication radar. This is one form of pulsed radar. MTI 

radar is characterized by its very low PRF and nence no range ambiguity in MTI Radar. 

The unambigues range is given by Runamb = vo/fp. 

 Moving target indication is the process of rejecting fixed or slowly moving clutter while 

passing echoes from targets moving at significant velocities. 

 Moving Target Indication (MTI) radar: A delay line canceller filter to isolate moving 

targets from nonmoving background 

             i. Ambiguous velocity                        ii. Unambiguous range  

 Pulsed Doppler radar: Doppler data are extracted by the use of range gates and Doppler 

filters.  

             i. Unambiguous velocity                      ii. Unambiguous or ambiguous range 

 The MTI radar usually operates with ambiguous Doppler measurements (blind speeds) 

but with unambiguous range (no second time around echoes). The pulse Doppler radar 

has a high enough PRF to operate with unambiguous Doppler, but at the expense of 

range ambiguities. 

 Echoes from fixed targets are constant while echoes from moving targets vary in 

amplitude at a rate corresponding to the Doppler shift. Superposition of the sweeps 

shows the moving targets producing a butterfly effect. 

 The butterfly effect is not suitable for display on PPI. To extract Doppler information in 

a form suitable for a PPI, one can use a delay line canceller. 

 The delay line canceller acts as a filter to eliminate DC. Fixed targets with unchanging 

amplitudes pulse to pulse are cancelled. The amplitudes of the moving targets are not 

constant pulse to pulse and subtraction results in an uncancelled residue. The rectifier 

provides the video for the PPI. 

 A transmitter which consists of a stable low-power oscillator followed by a power 

amplifier is sometimes called MOPA (Master Oscillator Power Amplifier). 

 The time domain delay-line canceller capability depends on the quality of the medium 

used as the delay line. The delay required is equal to the PRI and might be several 

milliseconds (long!!!). This cannot be achieved with electromagnetic transmission lines. 

 Blind speed is defined as the radial velocity of the target at which no shift appears 

making the target appearing stationary and echo‟s from the targets are cancelled. 

 The loss of the range information & the collapsing loss may be eliminated by first 

quantizing the range(time) into small intervals. This process is called Range gating. 

 MTI Improvement Factor I: The signal to clutter ratio at the output of the MTI system 

divided by the signal to clutter ratio at the input, averaged over all of the target radial 

velocities of interest. 

 Sub clutter Visibility (SCV): The ratio by which the target echo may be weaker than the 

coincident clutter echo power and still be detected with specified Pd and Pfa. 

 Clutter Visibility Factor Voc: The signal to clutter ratio after cancellation (or Doppler 

processing) that provides the stated Pd and Pfa. 

 

Questions  

1. A simple MTI delay line canceller is an example of time domain filter .Why? Explain. 

2.  Enumerate the advantage of the time delay line canceller as compared to the convention 

frequency domain filter. 



3.  Draw the bloc diagram of four pulse canceller and find the weight for the same. 

4.  Differentiate three- pulse canceller from four pulse canceller. 

5.  Description of Range gate Doppler filters. 

6.  Differentiate blind phases from blind speeds. 

7.  Explain the effect of Doppler frequency „fd‟ for the stationary objects and moving 

targets. 

8. Explain the butterfly effect that is produced by MTI. 

 

Fill in the blanks / choose the Best:  

1. The simple MTI delay line canceler  is an example of a time-domain filter. 

2.  The delay line must introduce a time delay equal to the pulse repetition interval. 

3.  The delay line canceler  acts as a filter which rejects the DC component of clutter. 

4.  To improve characteristics of delay line we use double delay line. 

5.  Staggered prf have been popular for air-traffic control radars. 

6.  To avoid losing target echoes due to blind speeds we employ multiple prfs.  

7.  The difference between the three pulse canceler and the optimum three pulse MTI filter 

is less than 2dB. 

8.  MTI is a necessity in high-quality air-surveillance radars that operate in the presence of 

clutter. 

9. The CW signal does more functioning as a replacement for the Local Oscillator 

10. Coherent is meant that the phase of the transmitted signal is preserved in the reference 

signal. 

11. The ____________  acts as a filter to eliminate the d-c components of fixed targets and 

to pass the a-c components of moving targets     

a. PPI scope 

b. Full wave rectifier 

c. Half wave rectifier 

d. Delay-line canceller 

12. The ____________ is a stable oscillator whose frequency is the same as the intermediate 

frequency used in the receiver      

a. MTI radar 

b. Coho 

c. Klystron 

d. Amplifier 

13. The stalo, coho and the mixer in which they are combined pulse any low-level 

amplification are called _____________     

a. Receiver-exciter 

b. Transmitter-exciter 

c. Both (a) & (b) 

d. None of the above 

14. MOPA stands for          

a. Moving Oscillator Power Amplitude 

b. Master Oscillator Power Amplitude 

c. Master Oscillator Power Amplifier 

d. Measuring Oscillator Power Amplifier 

 

Unit – IV: Tracking Radar 

 

Important Points / Definitions:  

 A tracking-radar system : 



o Measures the coordinates of a target and  

o Provides data which may be used to determine the target path and to predict its 

future position. 

 All or only part of the available radar data-range, elevation angle, azimuth angle, and 

Doppler frequency shift may be used in predicting future position; that is, radar might 

track in range, in angle, in doppler, or with any combination. 

 The continuous tracking radar supplies continuous tracking data on a particular target, 

while the track-while-scan supplies sampled data on one or more targets. In general, the 

continuous tracking radar and the TWS radar employ different types of equipment. 

 The antenna beam in the continuous tracking radar is positioned in angle by a 

servomechanism actuated by an error signal. 

 The various methods for generating the error signal may be classified as sequential 

lobing, conical scan, and simultaneous lobbing or monopulse. The range and Doppler 

frequency shift can also be continuously tracked, if desired, by a servo control loop 

actuated by an error signal generated in the radar receiver. 

 Obtaining the direction and the magnitude of the angular error in one coordinate is by 

alternately switching the antenna beam between two positions is called lobe switching, 

sequential switching, or sequential lobbing. 

 The logical extension of the sequential lobbing technique is to rotate continuously an 

offset antenna beam rather than discontinuously step the beam between four discrete 

positions. This is known as conical scanning. 

 The angle between the axis of rotation (which is usually, but not always, the axis of the 

antenna reflector) and the axis of the antenna beam is called the squint angle. 

 The echo-signal amplitude at the tracking-radar receiver will not be constant but will 

vary with time. The three major causes of variation in amplitude are  

o the inverse-fourthpower relationship between the echo signal and range, 

o the conical- scan modulation (angleerror signal), and  

o amplitude fluctuations in the target cross section. 

 The phase difference between the echo signals in the two antennas is approximately 

o Δφ = 2πd sinθ/λ. 

 A tracking radar must first find and acquire its target before it can operate as a tracker. 

Therefore it is usually necessary for the radar to scan an angular sector in which the 

presence of the target is suspected. Most tracking radars employ a narrow pencil-beam 

antenna. Examples: helical scan, Palmer scan, raster, or TV, scan. 

 

Questions  

1. Explain Tracking Principles. 

2.  Explain the block diagram of amplitude comparison monopulse radar for single angular 

coordinate and explain its operation. 

3. Explain phase comparison monopulse tracking radar technique. 

4. Explain the block diagram of AGC portion of tracking radar receiver. 

5. Explain about sequential Lobing. 

6. What are the advantages of monopulse radar over conical scan radar? 

7. Distinguish between search radar and tracking radar? 

8. Compare the tracking techniques. 

 

Fill in the blanks / choose the Best:  

1. The process of finding and acquiring the target is called acquisition. 



2. 17. In helical scan antenna is continuously rotated in azimuth and simultaneously raised 

or lowered in elevation angle. 

3. 18. The palmer scan reduces to helical scan if axis of rotation is held stationery. 

4. 19. In search mode of tracking radars conical scan is used. 

5. The technique for automatically tracking in range is based on   Split range  gate. 

6. The information concerning the angular location of a target is obtained by comparison 

of signals received in 2 or more simultaneous beams is ___________.     (Monopulse 

tracking) 

7. The accuracy of the monopulse is not affected by _________. (Amplitude fluctuations 

of Target) 

8. _______ tracking technique is preferred when accurate angle measurement are 

required.(monopulse) 

9. Monopulse angle measurement can be made by _______. (amplitude comparison 

monopulse) 

10. __________ form of Monopulse is first described for the measurement of only one 

angle coordinate. (Amplitude comparison monopulse) 

11. The setting of handwheel is a measure of   ___________                                     

a. Target cross-section   

b. Target range    

c. Target width   

d. All 

12. The target speed and operator efficiency are related _________                       

a. Directly    

b. No relation   

c. Inversely   

d. Equal 

13. The gates in tracking target range are named as                                                     

a. Late gate   

b. Split gate   

c. Early gate   

d. Both a & c 

14. Monopulse radar requires __________ receving channels where as conical scan 

requires ____________ receving channels                                              

a. 1,3 

b. 2,3 

c. 3,1 

d. 3,3 

15. Signal -to- Noise ratio of monopulse might be from ___________ greater than with 

conical scan.                                                                                            

a. 1 to 2 db 

b. 2 to 3 db 

c. 2 to 5 db 

d. 2 to 4 db 

 

 

Unit – V: Detection of Radar Signals in Noise, Radar Receivers 

 

Important Points / Definitions:  



 A network whose frequency-response function maximizes the output peak-signal-

tomean-noise (power) ratio is called a matched filter. This criterion, or its equivalent, is 

used for the design of almost all radar receivers. 

 The frequency-response function, denoted H(f), expresses the relative amplitude and 

phase of the output of a network with respect to the input when the input is a pure 

sinusoid. The magnitude ׀H(f) ׀ of the frequency-response function is the receiver 

amplitude passband characteristic. 

H(f)= GaS
*
(f) exp(-j2𝜋ft1) 

 The function of the radar receiver is to detect desired echo signals in the presence of 

noise, interference, or clutter. 

 It must separate wanted from unwanted signals, and amplify the wanted signals to a level 

where target information can be displayed to an operator or used in an automatic data 

processor. 

 The design of the radar receiver will depend not only on the type of waveform to be 

detected, but on the nature of the noise, interference, and clutter echoes with which the 

desired echo signals must compete. 

 The noise figure of a receiver was described as a measure of the noise produced by a 

practical receiver as compared with the noise of an ideal receiver. The noise figure Fn of 

a linear network may be defined as 

Fn=
𝑆𝑖𝑛 /𝑁𝑖𝑛

𝑆𝑜𝑢𝑡 /𝑁𝑜𝑢𝑡
 = 

𝑁𝑜𝑢𝑡

𝑘  𝑇0𝐵𝑛𝐺
 

 The purpose of the display is to visually present in a form suitable for operator 

interpretation and action the information contained in the radar echo signal. 

 When the display is connected directly to the video output of the receiver, the 

information displayed is called raw video. This is the "traditional” type of radar 

presentation. When the receiver video output is first processed by an automatic detector 

or automatic detection and tracking processor (ADT), the output displayed is sometimes 

called synthetic video. 

 The cathode-ray tube (CRT) has been almost universally used as the radar display. There 

are two basic cathode-ray tube displays. One is the dejection-modulated CRT, such as 

the A-scope, in which a target is indicated by the deflection of the electron beam. 

 The deflection of the beam or the appearance of an intensity-modulated spot on a radar 

display caused by the presence of a target is commonly referred to as a blip. 

 The duplexer is a device that allows a single antenna to serve both the transmitter and the 

receiver. Branch-type duplexers, Balanced duplexer. 

 The phased array is a directive antenna made up of individual radiating antennas, or 

elements, which generate a radiation pattern whose shape and direction is determined by 

the relative phases and amplitudes of the currents at the individual elements. 

 The beam of an array antenna may be steered rapidly in space without moving large 

mechanical masses by properly varying the phase of the signals applied to each element. 

 

Questions  

1. Explain the characteristics of a matched filter receiver with necessary equations. 

2. Explain about matched and non –matched filters. 

3. Explain the characteristics of a cross –correlation receiver with a block diagram. 

4. Derive and explain the efficiency of non-matched filters. 

5. Explain about matched filter with non –white noise. 

6. Explain various types of radar displays. 

7. Three networks units, each of 6db noise figure and 10db, 6db and 3db gains respectively 

are cascaded. Determine the Overall noise figure of the system. 



8. Explain different types of Duplexers. 

9. Explain about Phased Array Antennas. 

 

 

Fill in the blanks / choose the Best:  

1. Two types of cathode ray tube are deflection modulated CRT and intensity-

modulated CRT 

2. A target is indicated by the deflection of the electron beam is called deflection-

modulated CRT 

3. Deflection-modulated CRT uses A-Scope 

4.  A target is indicated by intensifying the electron beam is called intensity-modulated 

CRT 

5. Intensity modulated CRT uses PPI 

6. The deflection of the beam or the appearance of an intensity-modulated spot on radar 

display caused by the presence of a target is commonly referred to as blip 

7. A Linear array consists of antenna elements arranged in a straight line. 

8. A Planar Array  is a two-dimensional configuration of antenna elements arranged to lie 

in a plane. 

9. A Broadside Array is one in which the direction of maximum radiation is perpendicular 

to the plane of antenna. 

10. An End fire Array has its maximum radiation parallel to the array or at a small angle to 

the plane of the array. 

11. The phase difference between the adjacent elements of the received signal Ø = 

2π(d/λ)sinθ. 

12. TR and ATR switches present in branch type duplexer are located _________   

wavelength  from the main transmission line       .                                                                                             

a. full   

b. double  

c. half   

d. quarter 

       13.                                diodes can replace the gas-tube TRs of balanced duplexer.      

a. Biased PIN     

b. Unbiased PIN              

c. Biased PN               

d. Unbiased PN 

        14. Balanced duplexer consists of  ________ ATR Tubes .                                   

a. Three     

b.  four      

c. two    

d.  five 

        15.  The power handling capacity of balanced is  ____________ branched-type  duplexers.                                                                                                          

a. moderate   

b.  less than  

c. greater than        

d. equal 

         16.  The multipactor  can handle ___________.                                                   

a. high peak and average powers   

b. low peak and moderate powers 

c. low peak power     

d. high peak power 


