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UNIT -II 

RADAR RANGE EQUATION 

 
 

 
 

Fig 2.1. Primary & Secondary Surveillance Radar Parabolic Antenna 
 
2.1. Prediction of Range Performance 
 
The simple form of radar range equation was discussed in chapter-1 and is given by 

   (2.1) 
where Pt = transmitted power, watts 

G = antenna gain 
Ae = antenna effective aperture, m2 
σ =  radar cross section, m2 
Smin = minimum detectable signal, watts 

 
 
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 equipments to a satisfactory degree of accuracy. The predicted values of radar 
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range are usually optimistic. In some cases the actual range might be a fraction of the 
predicted value. Part of this discrepancy is due to the failure of Eq. (2.1) to explicitly 
include the various losses that can occur throughout the system or the loss in performance 
usually experienced when electronic equipment is operated in the field rather than under 
laboratory-type conditions.  
 
Another important factor that must be considered in the radar equation is the statistical or 
unpredictable nature of several of the parameters such as .  
 

 The minimum detectable signal Smin  
 The target cross section σ  Sq m 

 
Both the above parameters are statistical in nature and must be expressed in statistical 
terms. 
 
Other statistical factors which do not appear explicitly in Eq. (2.1) but which have an effect 
on the radar performance are  
 

 The meteorological conditions along the propagation path  
 The performance of the radar operator, if one is employed.  

 
The statistical nature of these several parameters does not allow the maximum radar range 
to be described by a single number. Its specification must include a statement of the 
probability that the radar will detect a certain type of target at a particular range. 
 
In this chapter, the simple radar equation will be extended to include most of the important 
factors that influence radar range performance. If all those factors affecting radar range 
were known, it. would be possible, in principle, to make an accurate prediction of radar 
performance. But, as is true for most endeavors, the quality of the prediction is a function of 
the amount of effort employed in determining the quantitative effects of the various 
parameters. Unfortunately, the effort required to specify completely the effects of all radar 
parameters to the degree of accuracy required for range prediction is usually not 
economically justified. A compromise is always necessary between what one would like to 
have and what one can actually get with reasonable effort. This will be better appreciated 
as we proceed through the chapter and note the various factors that must be taken into 
account.  
 
A complete and detailed discussion of all those factors that influence the prediction of 
radar range is beyond the scope of a single chapter. For this reason many subjects will 
appear to be treated only lightly. This is deliberate and is necessitated by brevity. More 
detailed information will be found in some of the subsequent chapters or in the references 
listed at the end of the chapter. 
 
 
2.2. Minimum Detectable Signal 
 
The ability of a radar receiver to detect a weak echo signal is limited by the noise energy 
that occupies the same portion of the frequency spectrum as does the signal energy. The 
weakest signal the receiver can detect is called the minimum detectable signal.  
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Detection is based on establishing a threshold level at the output of the receiver. If the 
receiver output exceeds the threshold, a signal is assumed to be present. This is called 
threshold detection. Consider the output of a typical radar receiver as a function of time as 
shown in the figure below.  
 
 
This might represent one sweep of the video output displayed on an A-scope. The envelope 
has a fluctuating appearance caused by the random nature of noise. If a large signal is 
present such as at A in Fig. 2.1, it is greater than the surrounding noise peaks and can be 
recognized on the basis of its amplitude. Thus, if the threshold level were set sufficiently 
high, the envelope would not generally exceed. the threshold if noise alone were present, 
but would exceed it if a strong signal were present. If the signal were small, however, it 
would be more difficult to recognize its presence. The threshold level must be low if weak 
signals are to be detected, but it cannot be so low that noise peaks cross the threshold and 
give a false indication of the presence of targets. 
 
2.3. Receiver Noise 
 
Noise is unwanted electromagnetic energy which interferes with the ability of the receiver 
to detect the wanted signal. It may originate within the receiver itself, or it may enter via 
the receiving antenna along with the desired signal. Since noise is the chief factor limiting 
receiver sensitivity, it is necessary to obtain some means 
of describing it quantitatively.  
 
If the radar were to operate in a perfectly noise-free environment so that no external 
sources of noise accompanied the desired signal, and if the receiver itself were so perfect 
that it did not generate any excess noise, there would still exist an unavoidable component 
of noise generated by the thermal motion of the conduction electrons in the ohmic portions 
of the receiver input stages. This is called thermal noise, or Johnson noise, and is directly 
proportional to the temperature of the ohmic portions of the circuit and the receiver 
bandwidth. The available thermal-noise power generated by a receiver' of bandwidth B, (in 
hertz) at a temperature T (degrees Kelvin) is equal to 

 
Available thermal-noise power = kTB,     (2.2) 
 
Where k is boltzmann’s constant = 1.38 x 10-23 J/deg 

 
A receiver with a reactance input such as a parametric amplifier need not have any 
significant ohmic loss. The limitation in this case is the thermal noise seen by the antenna 
and the ohmic losses in the transmission line. 
 
For radar receivers of the super heterodyne type (the type of receiver used for most radar 
applications), the receiver bandwidth is approximately that of the intermediate-
frequency stages. It should be cautioned that the bandwidth B, of Eq. (2.2) is not the 3-dB, 
or half-power, bandwidth commonly employed by electronic engineers. It is an integrated 
bandwidth and is given by 
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where H( f ) = frequency-response characteristic of IF amplifier (filter) and  
fo  =  frequency of maximum response (usually occurs at midband). 
 
When H( f) is normalized  to unity at midband (maximum-response frequency), 
H( fo) = 1.  
 
The bandwidth Bn is called the noise bandwidth and is the bandwidth of an equivalent 
rectangular filter whose noise-power output is the same as the filter with characteristic  
H(f). The 3 db bandwidth is defines as separation in Hertz between the points on the 
frequency response characteristic where the response is reduced to 0.707 (3 dB) from its 
maximum value. The 3 db bandwidth is widely used as it is easy to measure. However, 
involves a complete knowledge of the response characteristic H(f). The frequency -
response characteristic of many practical radar receivers are such that the 3-dB and the 
noise bandwidths do not differ appreciably. Therefore the 3-dB bandwidth may be used in 
many cases as an approximation to the noise bandwidth.  
 
The noise power in practical receivers is often greater than can be accounted for by 
thermal noise alone. The additional noise components are due to mechanisms other than 
the thermal agitation of the conduction electrons. For purposes of the present discussion, 
however, the exact origin of the extra noise components is not important except to know 
that it exists. No matter whether the noise is generated by a thermal mechanism or by 
some other mechanism. the total noise at the output of the receiver may be considered to 
be equal to the thermal-noise power obtained from an " ideal " receiver multiplied by a 
factor called the noise figure. The noise figure Fn of a receiver is defined by the equation 
 

 
 
where No = Noise output from receiver, and G, = available gain.  
The standard temperature To is taken to be 290 K, according to the Institute of Electrical 
and Electronics Engineers definition. 
 
The noise No is measured usually at the output of the IF amplifier before the nonlinear 
second detector. 'The receiver bandwidth Bn is that of the IF amplifier in most receivers. 
The available gain G, is the ratio of the signal out So to the signal in Si, and kToBn  is the 
input noise Ni in an ideal receiver. Equation (2.4a) may be rewritten as 
 

 
 

 Ni = kToBn 
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If the minimum detectable signal Smin is that value of Si corresponding to the minimum 
ratio of output (IF) signal-to-noise ratio (So / No)min necessary for detection, then 
 

 
Substituting Eq. (2.6) into Eq. (2.1) results in the following form of the radar equation: 

 
 
In the above radar range equation the Smin is replaced by (So / No)min .The advantage is (So / 
No)min is independent of receiver bandwidth and Noise Figure. (So / No)min is that if the IF 
Amplifier.  
 
2.4. Determination of Signal to Noise Ratio (So / No)min 
 
Both the false-alarm time and the detection probability are specified by the system 
requirements. The radar designer computes the probability of the false alarm and from Fig. 
2.2 determines the signal-to-noise ratio. This is the signal-to-noise ratio that is used in the 
equation for minimum detectable signal [Eq. (2.6)]. The signal-to-noise ratios of Fig. 2.2 
apply to a single radar pulse.  
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Figure 2.2 Probability of detection for a sine wave in noise as a function of the signal-
to-noise (power) ratio and the probability of false alarm. 

 
 
 
For example, suppose that the desired false-alarm time was 15 min and the IF bandwidth 
was 1 M Hz. This gives a false-alarm probability of 1.11 x 10-9. Figure 2.7 indicates that a 
signal-to-noise ratio of 13.1 dB is required to yield a 0.50 probability of detection, 14.7 dB 
for 0.90, and 16.5 dB for 0.999. 
 
 
2.5. Integration of echo pulses 
The relation between the signal to noise ration, the probability of detection, and the 
probability of false alarm as given in Fig. 2.7 applies for a single pulse only. However, many 
pulses are usually returned from any target on each radar scan and can be used to improve 
detection. The number of pulsed returned nB from from a target as the radar scans through 
its beam width is  
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                         nB  =   θB fp               =   θB fp     (2.3) 
                                  dθS /dt                     6ωm 

 
Where  

θB  = Antenna azimuth beam width in deg 
fp   = PRF 
dθS /dt   = Antenna scanning rate,  deg / s 
ωm  = Antenna scanning rate, rpm  

 
Eg:  An antenna operating at a PRF of 300 Hz, antenna azimuth beam width of 1.50 and 
antenna scanning rate of 6 rpm find out the number of echo pulses returned nB  from a target 
in a single scan.  
 

nB  =   θB fp              = 1.5 x 300/36      =   12.5  ≈   12  
            6ωm 

 
The process of summing all the radar echo pulses for the purpose of improving detection is 
called integration. Many techniques might be employed for accomplishing integration.  All 
practical integration techniques employ some sort of storage device. The discussion in this 
section is concerned primarily with integration performed by electronic devices in which 
detection is made automatically on the basis of a threshold crossing. 
 
2.5.1. Coherent and non-coherent integration 
 
Integration may be accomplished in the radar receiver either before the second detector (in 
the IF) or after tile second detector (in the video). A definite distinction must be made 
between these two cases. Integration before the detector is called pre-detection, or 
coherent integration, while integration after the detector is called post-detection, or non-
coherent  integration. Pre-detection integration requires that the phase of the echo signal 
be preserved if full benefit is to be obtained from the summing process. On the other hand, 
phase information is destroyed by the second detector; hence post-detection integration is 
not concerned with preserving RF phase. For this convenience, post-detection integration 
is not as efficient as pre-detection integration. 
 
2.5.2. Integration Efficiency  
 
If n  pulses, all of the same signal-to-noise ratio, were integrated by an ideal pre-detection 
integrator, the resultant, or integrated, signal-to-noise (power) ratio would be exactly n 
times that of a single pulse. If the same n pulses were integrated by an ideal post-detection 
device, the resultant signal-to-noise ratio would be less than ‘n’ times that of a single pulse. 
This loss in integration efficiency is caused by the nonlinear action of the second detector, 
which converts some of the signal energy to noise energy in the rectification process. 
The comparison of pre-detection and post-detection integration may be briefly 
summarized by stating that although post-detection integration is not as efficient as pre-
detection integration, it is easier to implement in most applications. Post-detection 
integration is therefore preferred, even though the integrated signal-to-noise ratio may not 
be as great. 
 
The efficiency of post-detection integration relative to ideal pre-detection integration has 
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been computed by Marcum" when all pulses are of equal amplitude. The integration  
efficiency may be defined as follows: 
 

 
Where n  = number of pulses integrated 
 
( S /N)1  = value of signal-to-noise ratio of a single pulse required to produce given 
probability of detection (for n = 1) 
 
( S /N)n  = value of signal-to-noise ratio per pulse required to produce same probability of 
detection when n pulses are integrated 
 
2.5.3. Improvement factor 
 
The improvement in the signal-to-noise ratio when n pulses are integrated post-detection 
is nEi(n) and is the integration-improvement factor. It may also be thought of as the 
effective number of pulses integrated by the post-detection integrator. The improvement 
with ideal pre-detection integration would be equal to n. 
 
Substituting equation 2.31 in equation 2.7 will yield  

 
The value of ( S /N)1  is found from Fig. 2.2 as before, and nEi(n) is found from Fig. 2.3. 
 
Probability of detection ‘Pd’: It is the probability of detecting a genuine target without fail.  
 
Eg; If a target is detected 998 times out 1000 pulses transmitted, then the probability of 
detection is 0.998 
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Figure 2.3:  integration-improvement factor. square law detector, Pd = probability of 
detection, nf = 1/Tfa B = false alarm number, Tfa = average time between false alarms, B 

= bandwidth; 
 
 
False Alarm Rate ‘Pfa’: It is ratio of number of false targets detected out of 1000 
detections.  
 
Eg:If 2 false targets are detected out of 1000 detections, then false alarm rate is 2x10-3.  
 
Mr. Albersheim has developed a simple empherical formula for the relationship between 
Signal to Noise ratio, probability of detection and false alarm rate.  Albersheim's equation 
uses a closed-form approximation to calculate the SNR. This SNR value is required to 
achieve the specified detection and false-alarm probabilities for a non-fluctuating target in 
independent and identically distributed Gaussian noise. The approximation is valid for a 
linear detector and is extensible to the non-coherent integration of n samples. 
 

(S/N)1  in dB = 10 Log 10[A +0.12 AB +1.7 B] 
 
Where    A= ln (0.62/Pfa) 

B= ln { Pd/(1- Pd)} 
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Fig 2.4: Plot showing (S/N)1 v/s Pfa for Pd = 0.9 as per Albersheim empherical 
forumula 

 
 
Eg: Given Pd = 0.9  and Pfa  = 5x10-3

  Calculate S/N ratio.  
 

A= ln(0.62/ 5x10-3
  ) = ln 0.124 x 103 = ln 124 = 4.82 

B= ln { 0.9  /0.1}  = ln 9  = 2.197 

(S/N)1  = 10 Log 10[4.82 + 0.12 x 4.82 x 2.197 + 1.7 x 2.197]   

= 10 Log10 9.8256 

= 9.9235  dB 

 
The Signal to Noise ratio of ‘n’ integrated pulses can also be obtained using ‘Albersheim’ 
empirical formula  
 
(S/N)n = n E(i) (S/N)1= - 5 Log10 n + {6.2+ 4.54 / (n+ 0.44)1/2} Log10(A +0.12 AB +1.7B) 
 
where n  is the number of non-coherently integrated samples. 
   
The above formula has an error < 0.2 dB 
For a range of   1 < n < 8096 

0.1 <  Pd < 0.9 
10-3 < Pfa < 10-7 
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Eg: in the given example above, calculate (S/N)n for n=15  
 
(S/N)15= -5 Log10 15 + [6.2+ 4.54/3.9293] x Log10 9.8256} 

 = -5.88  + 6.2 + 1.1553 x 0.9923x 0.9923 

= -5.88  + 6.2 + 1.1376   

= 1.4576  dB 

 
2.6. Radar Cross Section of the target 
 
The radar cross section of a target is the (fictional) area intercepting that amount of power 
which. when scattered equally in all directions, produces an echo at the radar equal to that 
from the target; or in other terms, 
 
The target cross section σ  = Power reflected toward source/unit solid angle        Sq m 
                                                              Incident power density/4π 
 
For most common types of radar targets such as aircraft, ships, and terrain, the radar cross 
section does not necessarily bear a simple relationship to the physical area, except that the 
larger the target size, the larger the cross section is likely to be. 
 
Scattering and diffraction are variations of the same physical process.15 When an object 
scatters an electromagnetic wave, the scattered field is defined as the difference between 
the total field in the presence of the object and the field that would exist if the object were 
absent (but with the sources unchanged). On the other hand, the diffracted field is the total 
field in the presence of the object. With radar backscatter, the two fields are the same, and 
one may talk about scattering and diffraction interchangeably. 
 
In theory, the scattered field, and hence the radar cross section, can be determined by 
solving Maxwell's equations with the proper boundary conditions applied. Unfortunately, 
the determination of the radar cross section with Maxwell's equations can be  
accomplished only for the most simple of shapes, and solutions valid over a large range of 
frequencies are not easy to obtain. The radar cross section of a simple sphere is shown in 
Fig. 2.9 as a function of its circumference measured in wavelengths (2πa/λ, where a is the 
radius of the sphere and λ is the wavelength) . The region where the size of the sphere is 
small compared with the wavelength (2πa/λ « 1) is called the Rayleigh region. 
 
The Rayleigh scattering region is of interest to the radar engineer because the cross 
sections of raindrops and other meteorological particles fall within this region at the usual 
radar frequencies. Since the cross section of objects within the Rayleigh region varies as λ-4, 
rain and clouds are essentially invisible to radars which operate at relatively long 
wavelengths (low frequencies). The usual radar targets are much larger than raindrops or 
cloud particles, and lowering the radar frequency to the point where rain or cloud echoes 
are negligibly small will not seriously reduce the cross section of the larger desired targets. 
On the other hand, if it were desired to actually observe, rather than eliminate, raindrop 
echoes, as in meteorological or weather-observing radar, the higher radar frequencies 
would be preferred. 
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Fig 2.5: Radar Section of the sphere, a= radius, λ = wavelength 

 
 
2.6.1. Complex targets.  
 
The radar cross section of complex targets such as ships, aircraft, cities, and terrain are 
complicated functions of the viewing aspect and the radar frequency. Target cross sections 
may be computed with the aid of digital computers, or they may be measured 
experimentally. The target cross section can be measured with full-scale targets, but it is 
more convenient to make cross-section measurements on scale models at the proper scaled 
frequency. A complex target may be considered as comprising a large number of 
independent objects that scatter energy in all directions. The energy scattered in the 
direction of the radar is of prime interest. The relative phases and amplitudes of the 
echo signals from the individual scattering objects as measured at the radar receiver 
determine the total cross section. The phases and amplitudes of the individual signals 
might add to give a large total cross section, or the relationships with one another 
might result in total cancellation. In general, the behavior is somewhere between total 
reinforcement and total cancellation. If the separation between the individual scattering 
objects is large compared with the wavelength-and this is usually true for most radar 
applications-the phases of the individual signals at the radar receiver will vary as the 
viewing aspect is changed and cause a scintillating echo. 
 
The most realistic method for obtaining the radar cross section of aircraft is to measure the 
actual target in flight. There is no question about the authenticity of the target being 
measured. An example of such a facility is the dynamic radar cross-section range of the U.S. 
Naval Research Laboratory. Radars at L, S, C and X bands illuminate the aircraft target in 
flight. The radar track data is used to establish the aspect angle of the target with respect to 
the radar. Pulse-to-pulse radar cross section is available, but for convenience in presenting 
the data the values plotted usually are an average of a large number of values taken within 
a 100 by 100 aspect angle interval. Examples of such data are given in Figure below. 
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It can be seen that the radar cross section of an aircraft is difficult to specify concisely. 
Slight changes in viewing aspect or frequency result in large fluctuations in cross section. 
Nevertheless, a single value of cross section is sometimes given for specific aircraft targets 
for use in computing the radar equation. There is no standard, agreed-upon method for 
specifying the single-valued cross section of an aircraft. The average value or the median 
might be taken. Sometimes it is a " minimum" value, perhaps the value exceeded 99 percent 
of the time or 95 percent of the time. It might also be the value which when substituted into 
the radar equation assures that the computed range agrees with the experimentally 
measured range. 
 
2.7. Radar Cross Section (RCS) fluctuations 
 
The fluctuations in the Radar Cross Section takes place due to any of the following 
mechanisms 
 

1. Variation in the viewing angle: The target can be considered to be made of a 
number of small elemental scatterers. The RCS is the vector sum of the contribution 
of all elemental scatterers and depends on the angle at which the radar views them. 
The viewing angle in the horizontal plane is known as the target’s aspect angle and I 
n the vertical plane it is known as the tilt angle. As the aspect angle changes, the 
relative distances from the elemental scatterers change causing different vector 
summations at the radar and results in variation in RCS.  The degree of variation 
changes upon the target to target depending upon its complexity.  

2. Variation with frequency: As the frequency of transmission varies, the round trip 
wavelengths of the scatterers vary and resulting vector sum varies. The spacing of 
the scatterers and the wavelength determines the amount of fluctuation for a given 
frequency change.   

3. Fluctuations from multipath: There could be multiple paths of signal propagation 
in either direction. The echo received at the radar is a summation of the signals 
arriving through multiple paths depending upon the phase. As the range varies the 
multiple paths undergo a change and results in variation of RCS.  

 
However, to properly account for target cross-section fluctuations, the probability density 
function and the correlation properties with time must be known for the particular 
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target and type of trajectory. Curves of cross section as a function of aspect and a 
knowledge of the trajectory with respect to the radar are needed to obtain a true  
description of the dynamical variations of cross section. The probability-density function 
gives the probability of finding any particular value of target cross section between the 
values of  σ and σ + dσ, while the autocorrelation function describes the degree of 
correlation of the cross section with time or number of pulses. It is usually not practical to 
obtain the experimental data necessary to compute the probability density function and the 
autocorrelation function from which the overall radar performance is determined. Most 
radar situations are of too complex a nature to warrant obtaining complete data. A more 
economical method to assess the effects of a fluctuating cross section is to postulate a 
reasonable model for the fluctuations and to analyze it mathematically. Swerling has 
calculated the detection probabilities for four different fluctuation models of cross section. 
In two of the four cases, it is assumed that the fluctuations are completely correlated during 
a particular scan but are completely uncorrelated from scan to scan. In the other two cases, 
the fluctuations are assumed to be more rapid and uncorrelated pulse to pulse. The four 
fluctuations models are as given below. 
 
2.7.1. RCS Fluctuation Models 
 
The most commonly use models which help us in describing the behavior of a wide variety 
of targets are the ‘Swerling models’. The models are useful in calculation of Signal to Noise 
Ration for given probability of detection and False Alarm Rate.  
 

 

 
 

FIG 2.6: Swerling Cases 
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1. Swerling Case 0:  This is the model in which the targets are simple isotropic 

scatterers and RCS does not vary from pulse to  pulse in the interval of our interest.  
 

2. Swerling Case 1:  Targets exhibit large fluctuations but occurring slowly. They are 
modeled as several scatterers of approximately equal to the RCS. Case 1 can be 
applied to complex targets such as aircraft.  
 

3. Swerling Case 2:  Targets exhibit large fluctuations but occurring rapidly. Case 1 
can be applied to complex targets such as aircraft where aspect ratio is changing 
rapidly. It also fits complex targets for radar with pulse-to-pulse frequency agility. 
 

4. Swerling Case 3:  Target exhibit smaller fluctuations and fluctuate slowly. This 
model fits in simple targets such as missile. 
 

5. Swerling Case 4:  Target exhibit smaller fluctuations and fluctuate rapidly. This 
model fits in simple targets such as missile. 
 

The Probability density function in respect of Case 1 and Case 2 targets is given by  
  P(σ) = (1/μ) e-σ/μ 

 

Where P(σ) = Probability density function of a certain RCS 
σ = The RCS 
μ = The median RCS 

 
The Probability density function in respect of Case 3 and Case 4 targets is given by  
  P(σ) = (4 σ /μ2) e-2σ/μ 

 

 
 
 

Fig 2.7 : Probability Density for Swerling Cases 
 
 

2.8. Fan-Beam Antenna 
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A fan-beam antenna is a directional antenna producing a main beam having a narrow beam 
width in one dimension and a wider beam width in the other dimension. This pattern can 
be obtained by illuminating an asymmetrical section of the paraboloid, e.g. by a truncated 
paraboloid reflector. Since the reflector is narrow in the vertical plane and wide in the 
horizontal, it produces a beam that is wide in the vertical plane and narrow in the 
horizontal. 

 

 Fig 2.8:Fan beam antenna pattern            Fig 2.9:A truncated paraboloid reflector  
         forming a fan beam 
 

2.8.1.Cosecant Squared Antenna 

The coverage of a simple fan beam is usually inadequate for targets at high altitudes close 
to the radar. The simple fan-beam antenna radiates very little of its energy in this direction. 
However, it is possible to modify the antenna pattern to radiate more energy at higher 
angles. 
One technique for accomplishing this is to employ a fan beam with a shape proportional to 
the 
square of the cosecant of the elevation angle. In the cosecant-squared antenna the 
gain as a function of elevation angle is given by 
 

 
 
where G(Ф) = gain at elevation angle Ф.  Фo and Фm, are the angular limits between which 
the beam follows a csc2 shape. This applies to the airborne search radar observing ground 
targets 
as well as ground-based radars observing aircraft targets.  
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Fig 2.9: Vertical projection of the radiation pattern of an antenna with cosecant 

squared characteristic, the blue graph shows the theoretically form,  
the red graph measured one in practice 

 
 
The cosecant-squared antenna may be generated by a distorted section of a parabola 
or by a true parabola with a properly designed set of multiple feed horns. The cosecant 
squared pattern may also be generated with an array-type antenna. 
 

2.9. System Losses 

System losses are the important losses that occur throughout the radar system and are 
omitted from the simple radar equation. The losses reduce the signal-to-noise ratio at the 
receiver output. The antenna beam-shape loss, collapsing loss, and losses in the microwave 
plumbing are examples of losses which can be calculated if the system configuration is 
known.  
 

a) Plumbing Losses 
 
(i) Transmission lines losses 
There is always some finite loss experienced in the transmission lines which 
connect the output of the transmitter to the antenna. At the lower radar frequencies 
the transmission line introduces little loss, unless its length is exceptionally long. At 
the higher radar frequencies, attenuation may not always be small and may have to 
be taken into account. In addition to the losses in the transmission line itself, an 
additional loss can occur at each connection or bend in the line and at the antenna 
rotary joint if used. Connector losses are usually small, but if the connection is 
poorly made, it can contribute significant attenuation. Since the same transmission 
line is generally used for both receiving and transmission, the loss to be inserted in 
the radar equation is twice the one-way loss. 
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(ii) Duplexer losses 
The signal suffers attenuation as it passes through the duplexer. Generally, the 
greater the isolation required from the duplexer 011 transmission, the larger will be 
the insertion loss. By insertion loss is rneant the loss introduced when the 
component. in this case the duplexer, is inserted into the transmission line. 'The 
precise value of the insertion loss depends to a large extent on the particular design. 
For a typical duplexer it might be of the order of 1 dB. 
 

 In an S-band radar, for example, the plumbing losses might be as follows: 
 
100 ft of RG-113/U A1 waveguide transmission line (two-way) 1.0 dB 
Loss due to poor connections (estimate)      0.5 dB 
Rotary-joint loss         0.4 dB 
Duplexer loss         1.5 dB 
Total plumbing loss        3.4 dB 

 
(b) Antenna losses 

(i) Beam Shape losses 
The ‘n’ echo pulses received from the same target may not be received when 
the beam gain is maximum. Based on the part of the lobe in which the echo is 
received, ‘n’ pulses are amplitude modulated in this process. Therefore the 
echo strength is not uniform for all the n pulses. Typical beam shape loss is 
approximately 2 dB. 

(ii) Scanning loss 
If antenna scanning rate is rapid, the antenna gain of the transmitted pulse 
and corresponding echo pulse received may be different. The resulting loss in 
this process is called Scanning Loss.  

(iii) Radome loss 
Antennas for ground-based radars are often subjected to high winds, icing, 
and temperature extremes. They must be sheltered if they are to continue to 
survive and perform under adverse weather conditions. Antennas which must 
be operated in severe weather are usually enclosed for protection in a 
sheltering structure called a radome. Radomes must be mechanically strong if 
they are to provide the necessary protection, yet they must not interfere with 
the normal operation of the antenna. 
 
A properly designed radome should distort the antenna pattern as little as 
possible. The presence of a radome can affect the gain, beam width, sidelobe 
level, and the direction of the boresight (pointing direction), as well as change 
the VSWR and the antenna noise temperature. Materials used for radome 
include single-ply neoprene coated terylene or nylon fabric, Hypalon-coated 
Dacron, and Teflon-coated fiberglass. Even though the Radome is transparent 
to radiation is does insert some loss during transmission and reception and is 
called radome loss.  

(iv) Phased Array Antenna losses 
Phased array consists of several antenna elements which are distributed in an 
array. Additional transmission lines are required to connect each of these 
arrays and therefore extra transmission line loss is involved. 
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Typical Losses 
Component 

 
Symbol Loss 

Atmospherics loss  La 1.2 dB 
Beam shape loss  Lant 1.3 dB 
Beam width factor  LB 1.2 dB 
Filter matching loss  Lm 0.8 dB 
Fluctuation loss (for Pd=0.9)  Lf 8.4 dB 
Integration loss  Li 3.2 dB 
Miscellaneous signal-processing loss  Lx 3.0 dB 
Receive line loss  Lr 1.0 dB 
Transmit line loss  Lt 1.0 dB 
Total system loss  Ls 21.1 dB 
 

Solved Problems 
 
1. A low power, short range radar is solid-state throughout, including a low-noise RF 

amplifier which gives it an overall noise figure of 4.77dB. If the antenna diameter is 1m, 
the IF bandwidth is 500kHz, the operating frequency is 8 GHz and the radar set is 
supposed to be capable of detecting targets of 5m2 cross sectional area at a maximum 
distance of 12 km, what must be the peak transmitted pulse power? [JNTU May 2012] 

 
 
 
 
 
Essay type questions 
1. What are the losses in radar system and how do you compensate them? [JNTU May 

2013] 
2. Explain how the noise is limiting the Radar receiver sensitivity? [JNTU May 2012] 
3.  The average false alarm time is a more significant parameter than the false-alarm 

probability. Give the reasons. [JNTU May 2012] 
4.  Why post detection integration is not as efficient as pre-detection integration of radar 

pulses? [JNTU May 2012] 
5.     Define integration efficiency of Radar pulses. [JNTU May 2012] 
6.     What is the false alarm number? How to calculate it? [JNTU May 2012] 
7.     Explain how the power received by the radar is related to the radar cross-section? 

Explain the significance of each term. [JNTU May 2012] 
8.     Discuss about the factors that influence the prediction of Radar range. [JNTU May 

2012] 
9.     Define noise bandwidth of a radar receiver. How does it differ from 3-dB band width? 

Obtain the expression for minimum detectable signal in terms of noise bandwidth, 
noise figure and other relevant parameters. [JNTU May 2012] 

10.   Give an idea about prediction of range, detection of signal in noise and receiver noise 
and S/N ratio. [JNTU May 2011] 

11.   Explain in detail about Target-reflection characteristics and Angular Accuracy. [JNTU 
May 2011] 
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12.  Explain how the noise is limiting the Radar receiver sensitivity? [JNTU May 2011] 
13.     Explain the transmission lines losses introduced in higher radar frequencies and also 

write the name of other components responsible for plumbing losses. [JNTU May 
2011] 

14.     Explain how the Radar cross-section depends on distance? [JNTU May 2011] 
15.    Write the three forms of Radar range equation and to give the importance of each 

term in these equations. [JNTU May 2011] 
16.   Derive the equation for minimum detectable signal S

min 
in terms of output signal to noise 

ratio? [JNTU Jan 2010] 
17.    Discuss the effect of pulse repetition frequency on the receiver? [JNTU Jan 2010] 
18.    Explain about the following: [JNTU Jan 2010] 

a) Minimum detectable signal (S
min

)  

b) Target cross section σ 
19.  Write about the following: [JNTU Jan 2010] 

(a) False alarm time T
fa 

 

(b) Radar cross section of targets. 
20.   Discuss the effect of noise on the radar receiver sensitivity? [JNTU Jan 2010] 
21.   Write about the Beam-shape loss. [JNTU Jan 2010] 
22. Write explanatory notes on: [JNTU May 2009] 

i)   Minimum detectable signal 

ii)  False alarm 

iii) Missed detection. 

iv) Pulse repetition frequency 

v)  Range ambiguities. 
23. Explain detection of signals in noise. [JNTU May 2009] 
24.  Describe different noise components present in radar systems. [JNTU May 2009] 
25. Write explanatory notes on: [JNTU May 2009] 

i) Pulse repetition frequency and range ambiguities 
ii) System losses. 

 
 
Objective type questions 
 
1. The thermal noise power generated at the input of a  receiver of band 

width ‘Bn’ at a temperature ‘T’ (in Kelvin) is 
[   ] 

 A. kT/ Bn B. kT Bn
2  

 C. k Bn/T D. kT Bn  
2. If the threshold value is increased then the false alarm rate would [   ] 
 A. Increase B. Decrease  
 C. Not affected D. Depends upon target cross 

section 
 

3. Integration of echo pulses is carried out primarily to  [   ] 
 A. Increase S/N ratio B. Increase unambiguous range  
 C. Increase false alarm rate D. Improve receiver sensitivity  
   
4. Reduction of PRT below maximum unambiguous range value results in [   ] 
 A. Increase in false alarm B. Multiple time around  
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probability echoes 
 C. Reduction in S/N ratio D. Enhancement of range 

resolution 
 

5. The number of pulses returned from a target in a single scan is not 
affected by 

[   ] 

 A. Antenna scan rate B. Beam width of antenna  
 C. PRF D. Pulse width  
6. The device which enables a single antenna to be used on time sharing 

basis for both transmitting and receiving is  
[   ] 

 A. Pulse modulator B. Duplexer  
 C. Isolator D. Gyrator  
7. The antenna that is used by air surveillance radar to get same echo 

power from targets of constant cross section flying at same altitude but 
at different ranges is called 

[   ] 

 A. Parabolic reflector antenna B. Phased array antenna  
 C. Cosecant squared antenna D. Synthetic aperture antenna  
8. The radar scope that maps in polar coordinates the location of the target 

in azimuth and range is  
[   ] 

 A. A-scope B. B-scope  
 C. Plan position Indicator D. C-scope  
9. The scope which presents the receiver output signal on y-axis and the 

range in x-axis is  
[   ] 

 A. A-scope B. B-scope  
 C. Plan position Indicator D. C-scope  
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