


       
        

 

 It is a system used to detect, range (determine the distance) and map objects such as 

aircraft and rain. 

 Strong radio waves are transmitted, and a receiver listen for reflected echoes.  

 By analyzing the reflected signal, the reflector can be located, and sometimes identified. 

 Although the amount of returned is tiny, radio signal can easily be detected and 

amplified. 

 It can operate in darkness, haze, fog, rain and show, it has ability to measure distance 

with high accuracy in all-weather conditions. 

 The electronics principal on which radar operates is very similar to the principle of 

sound wave reflection. 
 If you shout in the direction of sound-reflecting object (like a rocky canon or cave), you 

will hear an echo.  

 If you know the speed of sound in air, you can estimate the distance and general 

direction of the object. 

 The time required for a return echo can roughly converted in to distance if the speed of 

sound is known. 

 Radar uses electromagnetic energy pulses in the same way, as shown in figure 1.1. 

 

 

Figure 1.1. Radar principle 

 

 The radio frequency energy is transmitted to and reflects from the reflecting object. 

 A small portion of the energy s reflected and return to the radar set. This returned energy 

is called ECHO. 

 

 

CHAPTER 1 

PRINCIPLES OF RADAR 
 

 Introduction 
 

 Radar is an acronym for Radio Detection and Ranging. 

 The term “radio” refers to the use of electromagnetic waves with wavelength in so 

called radio wave portion of the spectrum, which covers a wide range from 104 Km to 

1 cm.  



       
        

 

 Range to a Target 

 

 The most common radar waveform is a train of narrow, rectangular-shape pulses 

modulating a sine wave carrier. The distance, or range, to the target is determined by 

measuring the time TR taken by the pulse to travel to the target and return. Since 

electromagnetic energy propagates at the speed of light c = 3 x 108 m/s, the range R is; 

R = cTR / 2 

 The factor 2 appears in the denominator because of the two-way propagation of radar. 

With the range in kilometers or nautical miles, and TR in microseconds, Eq. above 

becomes; 

R (Km) = 0.15 TR (us)   or   R (nmi) = 0.081 TR (us) 

 

 Maximum Unambiguous Range 

 

 Once the transmitted pulse is emitted by the radar, a sufficient length of time must 

elapse to allow any echo signals to return and be detected before the next pulse may be 

transmitted.  

 Therefore the rate at which the pulses may be transmitted is determined by the longest 

range at which targets are expected. 

 If the pulse repetition frequency is too high, echo signals from some targets might arrive 

after the transmission of the next pulse, and ambiguities in measuring range might 

result. 

 Echoes that arrive after the transmission of the next pulse are called second-time-around 

or multiple-time-around echoes. Such an echo would appear to be at a much shorter 

range than the actual and could be misleading if it were not known to be a second-time-

around echo.  

 The range beyond which targets appear as second-time-around echoes is called the 

maximum unambiguous range and is given by; 

Runb = cTP / 2 = c/2fp 

 Where fp = pulse repetition frequency, in Hz. A plot of the maximum unambiguous 

range as a function of pulse repetition frequency is shown in Fig. 1.2. 



       
        

 

 

Figure 1.2. Maximum unambiguous range Runb as function of fp 

 

 Radar Frequencies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.3. IEEE standard radar frequencies 

 
 
 



       
        

 

 Applications of Radar 

 
 Radar has been employed on the ground, in the air, on the sea, and in space.  

 Ground-based radar has been applied chiefly to the detection, location, and tracking of 

aircraft or space targets. 

 Shipboard radar is used as a navigation aid and safety device to locate buoys, shore 

lines, and other ships as well as for observing aircraft.  

 Airborne radar may be used to detect other aircraft, ships, or land vehicles, or it may be 

used for mapping of land, storm avoidance, terrain avoidance, and navigation. 

 In space, radar has assisted in the guidance of spacecraft and for the remote sensing of 

the land and sea. 

 

 Air Traffic Control (ATC): Radars are employed throughout the world for the purpose 

of safely controlling air traffic en route and in the vicinity of airports. Aircraft and 

ground vehicular traffic at large airports are monitored by means of high-resolution 

radar. Radar has been used with GCA (ground-control approach) systems to guide 

aircraft to a safe landing in bad weather. In addition, the microwave landing system and 

the widely used ATC radar-beacon system are based in large part on radar technology. 

 

 Aircraft Navigation: The weather-avoidance radar used on aircraft to outline regions 

of precipitation to the pilot is a classical form of radar. Radar is also used for terrain 

avoidance and terrain following. Although they may not always be thought of as radars, 

the radio altimeter (either FM/CW or pulse) and the Doppler navigator are also radars. 

Sometimes ground-mapping radars of moderately high resolution are used for aircraft 

navigation purposes. 

 

 

 Ship Safety: Radar is used for enhancing the safety of ship travel by warning of 

potential collision with other ships, and for detecting navigation buoys, especially in 

poor visibility. In terms of numbers, this is one of the larger applications of radar, but 

in terms of physical size and cost it is one of the smallest. It has also proven to be one 

of the most reliable radar systems. Automatic detection and tracking equipment’s (also 

called plot extractors) are commercially available for use with such radars for the 

purpose of collision avoidance. Shore-based radar of moderately high resolution is also 

used for the surveillance of harbors as an aid to navigation. 



       
        

 

 

 Space: Space vehicles have used radar for rendezvous and docking, and for landing on 

the moon. Some of the largest ground-based radars are for the detection and tracking of 

satellites. Satellite-borne radars have also been used for remote sensing as mentioned 

below. 

 

 Remote Sensing: All radars are remote sensors; however, as this term is used it implies 

the sensing of geophysical objects, or the "environment." For some time, radar has been 

used as a remote sensor of the weather. It was also used in the past to probe the moon 

and the planets (radar astronomy). The ionospheric sounder, an important adjunct for 

HF (short wave) communications, is a radar. Remote sensing with radar is also 

concerned with Earth resources, which includes the measurement and mapping of sea 

conditions, water resources, ice cover, agriculture, forestry conditions, geological 

formations, and environmental pollution. The platforms for such radars include 

satellites as well as aircraft. 

 

 Law Enforcement: In addition to the wide use of radar to measure the speed of 

automobile traffic by highway police, radar has also been employed as a means for the 

detection of intruders. 

 

 Military: Many of the civilian applications of radar are also employed by the military. 

The traditional role of radar for military application has been for surveillance, 

navigation, and for the control and guidance of weapons. It represents, by far, the largest 

use of radar. 

 

 Radar Altimeter: it measure an aircraft’s true height above ground. 

 

 



       
        

 

 

 Radar Range Equation 

 

 The radar equation relates the range of a radar to the characteristics of the transmitter, 

receiver, antenna, target, and environment. It is useful not just as a means for 

determining the maximum distance from the radar to the target, but it can serve both as 

a tool for understanding radar operation and as a basis for radar design. 

 If the power of the radar transmitter is denoted by Pt, and if an isotropic antenna is used 

(one which radiates uniformly in all directions), the power density (Watts per unit area) 

at a distance R from the radar is equal to the transmitter power divided by the surface 

area 4ΠR2 of an imaginary sphere of radius R, or 

 

Power density at range R from an isotropic antenna = Pt / 4ΠR2 

 

 Radars employ directive antennas to channel, or direct, the radiated power Pt into some 

particular direction. The gain G of an antenna is a measure of the increased power 

radiated in the direction of the target as compared with the power that would have been 

radiated from an isotropic antenna.  

 It may be defined as the ratio of the maximum radiation intensity from the subject 

antenna to the radiation intensity from a lossless, isotropic antenna with the same power 

input. (The radiation intensity is the power radiated per unit solid angle in a given 

direction.) The power density at the target from an antenna with a transmitting gain G 

is; 

  

Power density at range R from a directive antenna = PtG / 4ΠR2 

 



       
        

 

 The target intercepts a portion of the incident power and reradiates it in various 

directions. 

 The measure of the amount of incident power intercepted by the target and reradiated 

back in the direction of the radar is denoted as the radar cross section σ, and is defined 

by the relation 

 

Reradiated power density back at the radar = ( PtG / 4ΠR2 ) ( σ / 4ΠR2 ) 

 

 The radar cross section σ has units of area. It is a characteristic of the particular target 

and is a measure of its size as seen by the radar. The radar antenna captures a portion 

of the echo power. If the effective area of the receiving antenna is denoted Ae, the 

power Pr, received by the radar is; 

 

Pr = ( PtG / 4ΠR2 ) ( σ / 4ΠR2 ) Ae 

 

 The maximum radar range Rmax is the distance beyond which the target cannot be 

detected. It occurs when the received echo signal power P, just equals the minimum 

detectable signal Smin, 

 Therefore; 

 

Rmax  = PtGσAe / (4Π)2Smin 

 

 This is the fundamental form of the radar equation. Note that the important antenna 

parameters are the transmitting gain and the receiving effective area. 

 Antenna theory gives the relationship between the transmitting gain and the receiving 

effective area of an antenna as; 

 

G = 4ΠAe / λ2 

 

 Since radars generally use the same antenna for both transmission and reception, Eq. 

can be substituted into Eq. above, first for Ae, then for G, to give two other forms of 

the radar equation; 

Rmax  = [ PtG2σ λ2 / (4Π)3Smin ]1/4 

 



       
        

 

 

 Different Types of Radar 
 

 Radar systems may be divided into types based on the designed use. 

 Some commonly use radar systems are; 

1. Air defense radars 

2. Air traffic control radar 

3. Fire control radar 

4. Speed gauges 

5. Mortar locating radar 

6. Radar satellites 

7. Weather radar 

8. Ground penetrating radar etc. 

 

 Radars are classifies as below; 

 

Radar Units 

 

 
                            Primary Radar      Secondary Radar 

 

 

       

         Pulse Radar                                              Continuous Wave Radar 

 

 

                                      Unmodulated     Modulated 

 Primary Radar:- 

A primary radar transmits high-frequency signal which are reflected at targets. The 

echoes are received and evaluated. This means, unlike secondary radar units a primary 

radar unit receive its own emitted signal as an echoes again. 

 

 

 



       
        

 

 Secondary Radar:- 

At these radar units the airplane must have a transponder on board and receives an 

encoded signal of the secondary radar unit. An active also encoded response signal, 

which is returned to the radar unit then is generated in the transponder. eg. IFF 

(Identification of Friend and Foe). 

 

 Pulse Radar:- 

Pulse radar units transmit a high-frequency impulsive signal of high power. After this 

a longer break in which the echoes can be received follows before a new transmitted 

signal s sent out. Direction, distance and sometimes altitude also can be determined.  

 

 Continuous Wave Radar:- 

Continuous-wave radar is a type of radar system where a known stable 

frequency continuous-wave radio energy is transmitted and then received from any 

reflecting objects. Continuous-wave (CW) radar uses Doppler, which renders the radar 

immune to interference from large stationary objects and slow moving clutter. CW 

radar systems are used at both ends of the range spectrum. 

 

 Unmodulated CW Radar:- 

The transmitted signal of these equipment is constant in amplitude and frequency. 

These equipment’s are specialized in speed measuring. Distance cannot be measured. 

eg. It is used as a speed gauge of the police.  

 

 Modulated Radar:- 

Frequency-modulated continuous-wave radar (FM-CW) – also called continuous-wave 

frequency-modulated (CWFM) radar – is a short-range measuring radar set capable of 

determining distance. This increases reliability by providing distance measurement 

along with speed measurement, which is essential when there is more than one source 

of reflection arriving at the radar antenna. This kind of radar is often used as "radar 

altimeter" to measure the exact height during the landing procedure of aircraft. It is also 

used as early-warning radar, wave radar, and proximity sensors. Doppler shift is not 

always required for detection when FM is used. 

 

In this system the transmitted signal of a known stable frequency continuous 

wave varies up and down in frequency over a fixed period of time by a modulating 



       
        

 

signal. Frequency deviation between the receive signal and the transmit signal increases 

with delay, and hence with distance. This smears out, or blurs, the Doppler signal. 

Echoes from a target are then mixed with the transmitted signal to produce a beat 

signal which will give the distance of the target after demodulation. 

 

 

 Radar Block Diagram 

 

 The operation of a typical pulse radar may be described with the aid of the block 

diagram shown in Fig.3.1. 

 

 

Figure 3.1. Block diagram of simple pulse radar 

 

 Transmitter:- 

 

The transmitter may be an oscillator, such as a magnetron, that is "pulsed" 

(turned on and on) by the modulator to generate a repetitive train of pulses. The 

magnetron has probably been the most widely used of the various microwave 

generators for radar. A typical radar for the detection of aircraft at ranges of 100 or 200 

nmi might employ a peak power of the order of a megawatt, an average power of several 

kilowatts, a pulse width of several microseconds, and a pulse repetition frequency of 

several hundred pulses per second. 

 

 Pulse Modulator:- 

The radar modulator is a device, which provides the high power to the 

transmitter tube to transmit during transmission period. It makes the transmitting tube 

ON and OFF to generate the desired waveform. Modulator allows the storing the energy 

in a capacitor bank during rest time. 



       
        

 

The stored energy then can be put into the pulse when transmitted. It provides 

rectangular voltage pulses which act as the supply voltage to the output tube such as 

magnetron, thus switching it ON and OFF as required. 

 

 Duplexer:- 

The receiver must be protected from damage caused by the high power of the 

transmitter. This is the function of the duplexer. The duplexer also serves to channel 

the returned echo signals to the receiver and not to the transmitter. The duplexer might 

consist of two gas-discharge devices, one known as a TR (transmit-receive) and the 

other an ATR (anti-transmit-receive). The TR protects the receiver during transmission 

and the ATR directs the echo signal to the receiver during reception. Solid-state ferrite 

circulators and receiver protectors with gas-plasma TR devices and/or diode limiters 

are also employed as duplexers. 

 

 Antenna:- 

The antenna takes the radar pulse from the transmitter and puts it into the air. 

Furthermore, the antenna must focus the energy into a well-defined beam which 

increase the power and permits a determination of the direction of the target. 

 

 Receiver:- 

The receiver is usually of the super-heterodyne type whose function is to detect 

the desired signal in the presence of noise, interference and clutter. The receiver in 

pulsed radar consist of low noise RF amplifier, mixer, local oscillator, IF amplifier, 

detector, video amplifier and radar display. 

 

 Low Noise RF Amplifier:- 

Low noise amplifier is the first stage of the receiver. It is low noise transistor 

amplifier or a parametric amplifier or a TWT amplifier. Silicon bipolar transistor is 

used at lower radar frequencies (below L-band 1215 to 1400 MHz) and the GaAs FET 

is preferred at higher frequencies. It amplifies the received weak echo signal.  

 

 Mixer and Local Oscillator:- 

These convert RF signal output from RF amplifier to comparatively lower 

frequency level called Intermediate Frequency (IF). The typical value for pulse radar is 

30 MHz or 60MHz  



       
        

 

 IF Amplifier:- 

IF Amplifier consist of a cascade of tuned amplifier, these can be synchronous, 

that is all tuned to the same frequency and having identical band pass characteristics. If 

Aa really large bandwidth is needed, the individual IF may be staggered tuned. The 

typical value for pulse radar is 30 MHz or 60MHz. 

 

 Detector:- 

Detector is often a schottky-barrier diode which extract the pulse modulation 

from the IF amplifier output. The detector output is then amplified by the video 

amplifier to a level where it can be properly displayed on screen directly or via DSP. 

 

 Display Unit:- 

The received video signal are display on the CRT for further observation and 

actions. Different types of display system which are used in radar. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.2. (a) PPI presentation displaying range vs. angle (intensity modulation); (b) A-scope  

  presentation displaying amplitude vs. range (deflection modulation). 

 

 

 Common Parameters of Pulse Radar 

 

 
 

 

 

 

 

 

 

 

 



       
        

 

 

 Pulse Width (PW):- 

PW has units of time and is commonly expressed in ms. PW is the duration of the 

pulse. 

 

 Rest Time (RT):- 

Rt is the interval between two pulses. 

 

 Pulse Repetition Time (PRT):- 

PRT is the interval between the start of one pulse and start of another. 

PRT = PW + RT 

 

 Pulse Repetition Frequency (PRF):- 

PRF is the number of pulses transmitted per second and is equal to the inverse of PRT 

PRF = 1/PRT 

 

 Radio Frequency (RF):- 

RF is the frequency of the carrier wave which is being modulated to form the pulse 

train. It is expressed in terms of GHz or MHz. 

 

 Peak Power (Pt):- 

It is defined as the power averaged over that carrier frequency cycle which occur at 

the maximum of the pulse power.it is usually equal to the one half of the maximum 

instantaneous power. 

 

 Average Power (Pavg):- 

It is defined as the average transmitted power over the pulse repetition time or period. 

Pavg = Pt  x (PW/PRT) = Pt  x PW x PRF 

 

 Duty Cycle:- 

It is defined as, 

Duty Cycle = PW x PRF 

 



       
        

 

 

CHAPTER 2 
RANGE EQUATION 

 

 Prediction of Range Performance 

 
 The simple form of the radar equation expressed the maximum radar range Rmax, in 

terms of radar and target parameters: 

 

 
 

 
 

 All the parameters are to some extent under the control of the radar designer, except for 

the target cross section σ. 

 The radar equation states that if long ranges are desired, the transmitted power must be 

large, the radiated energy must be concentrated into a narrow beam (high transmitting 

antenna gain), the received echo energy must be collected with a large antenna aperture 

(also synonymous with high gain), and the receiver must be sensitive to weak signals. 

 In practice, however, the simple radar equation does not predict the range performance 

of actual radar equipment’s to a satisfactory degree of accuracy.  

 The predicted values of radar range are usually optimistic. In some cases the actual 

range might be only half that predicted. Part of this discrepancy is due to the failure of 

Eq. above to explicitly include the various losses that can occur throughout the system 
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