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CHAPTER ONE 

INTRODUCTION 

Radar (Radio Detection and Ranging) is employed in many forms, from complex 

air defense networks to simple beacons and altimeters. Before one can understand 

electronic warfare one must first know the principles of radar tracking. The emphasis in 

this tutorial will be placed on pulsed radars since they are the most commonly used. 

However, that only the techniques change, and the principles are the same. Basically, a 

fire control radar system consists of a transmitter, a receiver, an antenna system, a 

display device, and a computer capable of target tracking (predicting the location of the 

target at some future time based on its present flight parameters so that the radar can 

move itself always to point at the target). To perform this function, the radar must 

measure azimuth, elevation, and range and the rate of change of each. Radar determines 

angle information by using an antenna array to focus the transmitted signal into a well­ 

defined beam. 

When radar attempts to locate a target (scans a small sector of its total tracking 

envelope) the target receives a large number of pulses, each from a slightly different 

orientation of the antenna. Radar determines range to an object by the round trip time­ 

of-flight (at the speed of light) of a transmitted pulse. The uncertainty in range is the 

distance that the transmitted pulse travels in a time equal to one-half the width of the 

pulse. The radar computer measures each pulse and generates a power plot in which the 

maximum point is called the power cancroids. The accuracy of the radar is a measure of 

its ability to locate the power cancroids and align its antenna so that the cancroid is on 

the antenna axis. Automatic Angle Tracking is accomplished by keeping the power 

cancroids centered on the antenna axis as the target moves. Radar beams will also be 

polarized. Polarization is the physical orientation of the E and H fields which exist in 

electromagnetic energy. For best efficiency, the transmitting and receiving antennae 

should have the same polarization. 
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The basic radiation source in radar is the high powered transmitter. These are 

resonant cavities so that their primary frequency is determined by their physical size. 

Selection of an operating frequency is determined by atmospheric transmission 

windows and the function of the radar. The frequency determines an optimum antenna 

size, receiver input stages, antenna-receiver-transmitter connections (plumbing), and 

output power levels. That is, radar normally must operate at its natural resonance for 
optimum performance. 

A simple Doppler radar sends out continuous sine wave rather than pluses. It uses 

the Doppler effects to detect the frequency change caused by a moving target and 

displays this as a relative velocity. Since transmission here is continuous, the circulator 

is used to provide insulation between the transmitter and reviver. Since transmission is 

continuous, it would be pointless to use duplexer. The insulation of a typical circulator 

Of the order of 30d.B, so that some of transmitted signal leaks into the receiver. The 

signal can be mixed in the detector with returns from the target, and the differences are 

the Doppler frequency. Being generally in the audio range in most Doppler application, 

the detector output can be amplified with an audio amplifier before being applied to a 

frequency counter. The counter is a normal one, except that its output is shown as 

kilometers or miles per hour, rather than the actual frequency in hertz. 

The main disadvantage of the system as simple as this is its lack of sensitivity. The 

type of diode detector that used to accommodate the high incoming frequency is not a 

very good device at the audio output frequency, because of the modulation noise which 

it exhibits at low frequencies. A small portion of the transmitter output is mixed with the 

output at a local oscillator, and the sum is fed to the receiver mixer. This also receives 

the Doppler-shift signal from its antenna and produces an output differences that is 

typically 30 MHZ, plus or minus the Doppler frequency. The output of this mixer is 

amplified and demodulated again, and the signal from the detector is just the Doppler 

frequency. Its sign is lost, so that it is not possible to tell whether the target is 

approaching or receding. The overall receiver system is rather similar to the super 

heterodyne. Extra sensitivity is provided by the lowered noise, because the output of the 

diode mixer is now in the vicinity of 30MHZ, at which FM noise has disappeared 

separate receiving and transmitter antennas have been show, although this arrangement 

is not compulsory. A circulator could be used as in the simpler set. 
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Separate antennas are used to increase the isolation between the transmitter and 

receiver sections of the radar, especially since there is no longer any need or a small 

portion of the transmitter output to leak into the receiver mixer, as there was in the 

simpler set. To the contrary, such leakage is highly undesirable, because it brings with it 

the hum and noise from the transmitter and thus degrades the receiver performance .the 

problem of isolation is the main determine factor, rather than any other single 

consideration in the limiting of the transmitter output power, as consequences, the CW 

power from such radar seldom exceeds 100 Wand is often very much less.Gunn or 

IMP ATT diodes, or for the largest powers. 

CW magnetrons are used as power oscillator in the transmitter. They operate at 

much the same frequencies as in pulsed radar. Advantages, applications and limitations 

CW Doppler radar is capable of given accurate measurements of relative velocities, 

using low transmitting powers, simple circuity ,low power consumption and equipment 

whose size is much smaller than that of comparable pulsed equipment. It is unaffected 

by presence of stationary targets, which it disregards in much the same manner as MTI 

pulsed radar. It can operate theoretically down to Zero range. Because, in pulsed 

system, the receiver is ON at all times. It is also capable of measuring at large range of 

target speeds quickly and accurately. With some traditional circuitry. CW radar can 

even measure the direction of the target, in addition to it speed. 

Before the reader begins to wonder why pulsed radar is still used in the majority of 

equipment, it must be pointed out that CW Doppler radar has some disadvantages also. 

In the first place, it is limited in the maximum power it transmits, and this naturally 

places a limit on its maximum range. Second, it is rather easily confused when, the 

presence of a large number of targets. Doppler radar is incapable of indicating the range 

of the target. It can only show its velocity, because the transmitted signal is 

unmodulated. The receiver can not sense with a particular cycle of oscillations is being 

received at moment, and therefore cannot tell how long ago this particular cycle was 

transmitted, so that range cannot be measured. 

3 



CW Doppler radar uses the Doppler Effect to extract information on targets radial 

velocity. The magnitude of the Doppler shift is related to the velocity of a target in a 

'straight line between the target and the aerial. A high value for the Doppler shift 

indicates a high target velocity. In practice it is the velocity of a target we wish to find, 

so we work the other way round from the measured value for the Doppler shift and the 

other known factors. A signal having wavelength lambda is received by an observer in 

relative motion at radial velocity v with respect to the source as having a frequency 

shifted by an amount v/lambda from the transmitted frequency. 

Where an accurate measurement of the Doppler frequency is needed, continuous 

wave (CW) radars are used. Such radars do not provide any information about target 

range. If the relative frequency of the radar and target is not zero, another frequency 

difference, or beat, will superimpose itself on top of the frequency difference just 

discussed, because of the Doppler frequency shift. However the average frequency 

difference will be constant and due the time difference between the sending and return 

of a particular cycle of the signal. Thus correct height measurements can still be made 

on the basis of the average frequency difference. The beat superimposed on this 

difference can now be used, as with ordinary Doppler radar to measure velocity (in this 

case) the aircraft, when due allowance has been made for the slant range. 

In chapter one, will present introduction to the project. In chapter two, we talk about 

radar generally and the most important components of it. In chapter three, will be 

devoted for studying the principles of CW Doppler radar. 

In chapter four, will highlight the applications of CW radar as well as Doppler 

effects. 

Finally in chapter five, we give conclusion of the project. 
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CHAPTER TWO 

FUNDAMENTS OF RADAR 

2.1 Target Tracking Radars (TTR) 

Before one can understand electronic warfare one must first know the principles of 

radar tracking. The emphasis in this tutorial will be placed on pulsed radars since they 

are the most commonly used. (Continuous wave (CW) radars are described in Section 

2.4.2; note, however, that only the techniques change, and the principles are the same.) 

Basically, a fire control radar system consists of a transmitter, a receiver, an antenna 

system, a display device, and a computer capable of target tracking (predicting the 

location of the target at some future time based on its present flight parameters so that 

the radar can move itself always to point at the target). To perform this function, the 

radar must measure azimuth, elevation, and range and the rate of change of each. (See 
Figure 2.1) 

Target 
Axis~ .A 

~

,, B Beam ----- _ • 
Axis"""~ 

.,.., Squ1 
--~ , Angle 

Rotation 
Axis 

Figure 2.1. Movement of the Radar Beam to Determine Angular Location 

2.1.1 Range 

The transmitter sends out a high-energy signal, which is reflected, back to the 

radar whenever it strikes a reflecting object. The amount of energy reflected by an 

object depends on its physical size and reflectivity, the two parameters which determine 

the radar cross section (RCS) of an object. When the RCS of the smallest object radar 

wishes to track and the maximum range to which track is required are known, the 

receiver sensitivity and required transmitter power can be determined. 
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Radar determines range to an object by the round trip time-of-flight (at the speed 

of light) of a transmitted pulse. The uncertainty in range is the distance that the 

transmitted pulse travels in a time equal to one-half the width of the pulse. Thus, time 

and range are identical to radar. For a TTR, the weapon associated with that radar 

determines the maximum range and range resolution. These factors all interact as 

follows: the transmitter must pulse as often as possible so that the maximum average 

power is returned to the receiver, but it cannot pulse faster than the round-trip time to a 

target at the maximum range of the weapon and the pulsewidth must locate the target 

within the accuracy and warhead size of the weapon. 

Example: The weapon has a 40 nautical mile maximum intercept range and its kill 

radius is 300 feet. The pulse travels about 1000 feet per microsecond so that the time to 

and from the target is 500 microseconds, and the pulse width must be 0.6 microseconds 

or less. Therefore, the radar cannot pulse faster than about 2,000 times per second with 

a Pulse Width of 0.6 microseconds. 

2.1.1.1 Range Tracking 

A TTR receives initial range information from assisting radar as discussed later in 

the tutorial. Receiver signal-to-noise ratio can be greatly improved by only "opening" 

the receiver input circuitry when a target echo is expected. This is called "range gating" 

and the period when the receiver is open is called the Range Gate. The optimum time 

interval for a range gate is equal to the pulsewidth of the radar. By using two adjacent 

range gates, the radar can determine where the target is (equal return in both gates). As 

the return becomes unequal in these two gates, the radar can measure range rate and 

direction of change. With this data, the radar computer can automatically range track a 

moving target. This is known as Range Gate Tracking. Automatic range tracking is 

accomplished by keeping equal target return in two adjacent range gates as the target 

moves. 

2.1.1.2 Range Jamming 

If the radar pulsed at twice the rate of the example above, a target at 40 nautical 

miles would reflect two pulses in 500 microseconds and two targets would appear -- one 

at 20 nm and one at 40 nm -- so that range information is unreliable. 
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This is the most common form of ECM -- for each pulse of the radar, send back 

one or more pulses from a target carried transmitter to destroy range data. If the ECM 

pulse repetition rate (PRR) is properly selected, the radar will "see" and display a 

continuous chain of targets along the radial from the radar to the true target and 

beyond.A long line of targets generates a continuous chain of undesirable pulses in the 

receiver (e.g., noise). Since time and distance are the same for radar, these noise pulses 

need not be physically removed from the target but can be generated on board. This is 

known as noise jamming sending random, high rate false target echoes to the radar. (See 

Figure 2.2) If the radar is multiple frequency (RF) or there are several different radars in 

the area, noise can be generated at all frequencies by "sweeping" the frequency of the 

noise pulses through all the known frequencies at a rate at least equal to or faster than 

the pulse rates of the radars. 

Figure 2.2 Example of Range Jamming 

The target is generating a pulse train whose PRF is selected to provide a false 

target return in every range resolution cell of the radar, thereby denying range 

information. 
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2.1.2 Angle 

2.1.2.1 Beamwidth 

Radar determines angle information by using an antenna array to focus the 

transmitted signal into a well-defined beam. Due to the property of antenna reciprocity, 

signals will be received from the same area defined by the transmitted beam -- a 

directional transmitter is a directional receiver. When an antenna focuses a beam, it 

produces a main lobe and numerous side lobes; the more directional the antenna, the 

greater the number of side lobes. In a perfect antenna, the size of the main lobe is 

{ (A)(w)} Is (2.1) 

Where A is the angle (in radians), w is the transmitter wavelength and s is a 

geometrical factor determined by the physical size and shape of the antenna. For a given 

frequency, the larger the antenna, the smaller the main lobe. This formula defines the 

entire main lobe (beam) size whose energy distribution has a central maximum and falls 

to zero at the edges. The points at which the power falls to 0.707 of the maximum are 

known as the half-power points and the angular size of the beam between these half­ 

power points is the defined beam.width of the radar. This definition is always 

understood when discussing radar parameters, but the difference between the full 

beam.width and the defined beam.width becomes important in EW. Outside the defined 

beam.width the power drops very rapidly to the outer edges of the full beam.width. 

2.1.2.2 Polarization 

Radar beams will also be polarized. Polarization is the physical orientation of the 

E and H fields which exist in electromagnetic energy. For best efficiency, the 

transmitting and receiving antennae should have the same polarization. 

2.1.2.3 Angle Tracking 

When radar attempts to locate a target (scans a small sector of its total tracking 

envelope) the target receives a large number of pulses, each from a slightly different 

orientation of the antenna. The radar computer measures each pulse and generates a 

power plot in which the maximum point is called the power cancroids. 
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The accuracy of the radar is a measure of its ability to locate the power cancroids 

and align its antenna so that the cancroid is on the antenna axis. Automatic Angle 

Tracking is accomplished by keeping the power cancroids centered on the antenna axis 

as the target moves. To track the cancroids of power, the radar must "look" at antenna 

angles where there is no return from the target -- it must look where the target is not. 

This looking is also called scanning and can be the same scan used for acquiring 

(locating) the target as in a track-while-scan (TWS) radar. Note that this implies that for 

best tracking the beamwidth should be larger than the target so that no target exists in 

adjacent beamwidths. 

If the target is bigger than the beamwidth of the radar, the power return will be 

about equal in several antenna orientations so that the power cancroids will be broad in 

angle and thus degrade tracking accuracy. If the target is much larger than the 

beamwidth, the power cancroids will be so broad that the radar will not be able to track 

but instead will "walk" over the target due to the scan while looking for some point of 

higher retum Resolution is the ability to distinguish multiple targets. When the 

computer generates the power plot, any pulse whose value is less than .707 of the power 

cancroids is assumed to be from a different beamwidth due to the definition of 

beamwidth. Therefore, to resolve two targets there must be a point between them where 

the returned power is down to the half-power points. But that, by definition, is a 

separation equal to the beamwidth of the radar. The resolution cell of the radar, then, is 

the solid volume described by one beamwidth and the range resolution; multiple targets 

within one cell will appear as one target whose power cancroids will be located 

somewhere between all the targets to the accuracy of the radar. 

Some radar systems use separate, large-beamed transmitters for Azimuth (Az) and 

Elevation (El) tracking. This scheme allows the system to track one power cancroids 

while scanning (TWS) its full acquisition sector. The resolution for such a dual beam 

system is often given as the inter-section of the smallest dimension of each beam, but 

this is not to be confused with the resolution cell. For a dual beam TWS system, each 

transmitter has cell in which the power cancroids of the target or targets will be located 

to within one beamwidth. The TWS computer can then locate the two power cancroids 

to within the size of the intersecting area of the two beams. 
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This difference between the computed resolution (which is often the published 

resolution) and the resolution can be important to ECM tactics. The two beams, due to 

their different physical orientations, may receive differing amounts of jamming. Since 

every radar requires three coordinates for accurate tracking -- Az, El, and range -­ 

jamming only one beam can be useful if ECM resources become limited. 

2.1.2.4 Angle Jamming 

Due to the directional nature of the receiving antenna, angle jamming by target 

carried noise transmitters is not possible since the jammer will only serve to highlight 

the target like a microwave beacon. Side-lobe jamming is possible from transmitters not 

carried on the target if these transmitters have enough power to overcome the side-lobe 

attenuation designed into the antenna. For example, if the first side-lobe is 16 dB down 

from the "main-bang", the jammer must be capable of returning 16 dB more power to 

the radar than the target normally returns. Side-lobes are spaced about one beamwidth 

apart, but since the computer and display are synchronized to the antenna, side-lobe 

jamming actually creates a false target in the main lobe of the radar. If side-lobe 

penetration is successful, range jamming can be performed by noise as already 

discussed. A highly reflective (large RCS) target can cause side-lobe return in the main 

beam of the radar. That is, if the return from the target when it is illuminated by the 

side-lobes can overcome side lobe attenuation, the radar will "see" false targets due to 

the synchronization accountability which radars must use. This effect causes the target 

to appear larger than its actual physical size. Chaff clouds have been observed to create 

this "side-lobe jamming". 

A second effect caused by large targets is called Effective Beam Broadening. In 

this case, the portions of the target within the full beamwidth but outside the defined 

half-power point beamwidth return power to the antenna which equals or exceeds the 

half-power return. The radar, due to accountability, must credit this to an adjacent 

orientation of the antenna with the effect being that a defined two-degree beam can 

actually have a three- or four-degree resolution. Active Deceptive ECM (DECM) also 

can effectively create angle jamming with ECM transmitters carried on a single aircraft. 

When a TTR scans a target during track the target return will be modulated at the scan 

frequency. DECM determines the scan pattern on the target and transmits a stronger 

signal of opposite modulation. 
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