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UNIT 5 

Noise: Classification of noise,Sources of noise, Noise figure and Noise temperature, Noise bandwidth, 

Noise figure measurement, Noise in analog modulation, Figure of merit for various AM andFM, effect of 

noise on AM &FM receivers. 

 

Noise is unwanted electrical or electromagnetic energy/signal that degrades the quality of signals and 

data.  Noise occurs in digital and analog systems, and can affect files and communications of all types, 

including text, programs, images, audio, and telemetry. 

 

In a hard-wired circuit such as a telephone-line-based Internet hookup, external noise is picked up from 

appliances in the vicinity, from electrical transformers, from the atmosphere, and even from outer 

space.  Normally this noise is of little or no consequence.  However, during severe thunderstorms, or in 

locations were many electrical appliances are in use, external noise can affect communications.  In an 

Internet hookup it slows down the data transfer rate, because the system must adjust its speed to match 

conditions on the line.  In a voice telephone conversation, noise rarely sounds like anything other than a 

faint hissing or rushing. 

 

Noise is a more significant problem in wireless systems than in hard-wired systems. In general, noise 

originating from outside the system is inversely proportional to the frequency, and directly proportional to 

the wavelength.  At a low frequency such as 300 kHz, atmospheric and electrical noise are much more 

severe than at a high frequency like 300 megahertz.  Noise generated inside wireless receivers, known 

as internal noise, is less dependent on frequency.   Engineers are more concerned about internal noise at 

high frequencies than at low frequencies, because the less external noise there is, the more significant the 

internal noise becomes. 

 

Communications engineers are constantly striving to develop better ways to deal with noise.  The 

traditional method has been to minimize the signal bandwidth to the greatest possible extent.   The less 

spectrum space a signal occupies, the less noise is passed through the receiving circuitry.  However, 

reducing the bandwidth limits the maximum speed of the data that can be delivered.  Another, more 

recently developed scheme for minimizing the effects of noise is called digital signal processing (digital 
signal processing). Using fiber optics, a technology far less susceptible to noise, is another approach. 

 

 

Classification of Noise: There are several way to classify Noise, but conveniently Noise is classified as  

1) External Noise  2) Internal Noise  

2) External Noise: External noise is defined as the type of Noise which is general externally due to 

communication system. External Noise are analysed qualitatively. Now, External Noise may be 

classified as  

a) Atmospheric Noise: Atmospheric Noise is also known as static noise which is the natural source 

of disturbance caused by lightning, discharge in thunderstorm and the natural disturbances 

occurring in the nature.  

 

b) Industrial Noise : Sources of Industrial noise are auto-mobiles, aircraft, ignition of electric motors 

and switching gear. The main cause of Industrial noise is High voltage wires. These noises is 

generally produced by the discharge present in the operations.  

 

c) Extraterrestrial Noise : Extraterrestrial Noise exist on the basis of their originating source. They 

are subdivided into i) Solar Noise ii) Cosmic Noise  

 

2) Internal Noise: Internal Noise are the type of Noise which are generated internally or within the 

Communication System or in the receiver. They may be treated qualitatively and can also be 

reduced or minimized by the proper designing of the system. Internal Noises are classified as  
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1) Shot Noise : These Noise are generally arises in the active devices due to the random behaviour 

of Charge particles or carries. In case of electron tube, shot Noise is produces due to the 

random emission of electron form cathodes.  

 

2) Partition Noise: When a circuit is to divide in between two or more paths then the noise 

generated is known as Partition noise. The reason for the generation is random fluctuation in 

the division.  

 

3) Low- Frequency Noise: They are also known as FLICKER NOISE. This type of noise is generally 

observed at a frequency range below few kHz. Power spectral density of these noise increases 

with the decrease in frequency. That why the name is given Low- Frequency Noise.  

 

4) High- Frequency Noise: These noises are also known TRANSIT- TIME Noise. They are observed 

in the semi-conductor devices when the transit time of a charge carrier while crossing a junction 

is compared with the time period of that signal. 

 

5) Thermal Noise: Thermal Noise are random and often referred as White Noise or Johnson Noise. 

Thermal noise is generally observed in the resistor or the sensitive resistive components of a 

complex impedance due to the random and rapid movement of molecules or atoms or 

electrons. 

 

Noise is a general term which is used to describe an unwanted signal which affects a wanted signal. These 

unwanted signals arise from a variety of sources which may be considered in one of two main categories:- 

• Interference, usually from a human source (man made)  

• Naturally occurring random noise  

 

Interference arises for example, from other communication systems (cross talk), 50 Hz supplies (hum) and 

ha o i s, s it hed ode po e  supplies, th isto  i uits, ig itio  a  spa k plugs  oto s … et .  
 

 Natural Noise  

Naturally occurring external noise sources include atmosphere disturbance (e.g. electric storms, lighting, 

io osphe i  effe t et , so alled Sk  Noise  o  Cos i  oise hi h i ludes oise  f o  gala , sola  oise 
a d hot spot  due to o ge  a d ate  apou  eso a e i  the ea th s at osphe e.  
 

 
This type of noise is generated by all resistances (e.g. a resistor, semiconductor, the resistance of a 

resonant circuit, i.e. the real part of the impedance, cable etc). 
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Experimental results (by Johnson) and theoretical studies (by Nyquist) give the mean square noise voltage 

as   

 

 

  Where  k = Boltz a s o sta t = .38  -23 Joules per K , T = absolute temperature  

   B = bandwidth noise measured in (Hz) , R = resistance (ohms)  

The law relating noise power, N, to the temperature and bandwidth is 

   N = k TB watts 

The al oise is ofte  efe ed to as hite oise  e ause it has a u ifo  spe t al de sit . 

 
• Shot noise was originally used to describe noise due to random fluctuations in electron emission  

from cathodes in vacuum tubes (called shot noise by analogy with lead shot). 

•  Shot noise also occurs in semiconductors due to the liberation of charge carriers.   

•  For pn junctions the mean square shot noise current is  

 

Where  In is the direct current as the pn junction (amps),  Io is the reverse saturation current (amps) 

  qeis the electron charge = 1.6 x 10-19  coulombs, B is the effective noise bandwidth (Hz) 

•  Shot noise is found to have a uniform spectral density as for thermal noise  

• Active devices, integrated circuit, diodes, transistors etc also exhibits a low frequency noise, which  

 is f e ue  depe de t i.e. o  u ifo  k o  as fli ke  oise o  o e – over – f  oise.  
 

 Burst Noise or Popcorn Noise  

Some semiconductors also produce burst or popcorn noise with a spectral density which is 

proportional to  
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For frequencies below a few KHz (low frequency systems), flicker and popcorn noise are the most 

significant, but these may be ignored at higher f e ue ies he e hite  oise p edo i ates. 

 

 Noise Evaluation 

The essence of calculations and measurements is to determine the signal power to Noise power ratio, i.e. 

the (S/N) ratio or (S/N) expression in dB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The p o a ilit  of a plitude of oise at a  f e ue  o  i  a  a d of f e ue ies e.g.  Hz, Hz…  
KHz .etc) is a Gaussian distribution. 
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Noise may be quantified in terms of noise power spectral density, po watts per Hz, from which Noise 

power N may be expressed as N= po Bn watts 

 
 

Ideal low pass filter Bandwidth B Hz = B ,N= po Bn watts 

Practical LPF  3 dB bandwidth shown, but noise does not suddenly cease at  B3dB  

  Therefore,  Bn > B3dB,  Bn  depends on actual filter. N= p0 Bn  

In general the equivalent noise bandwidth is > B3dB. 

 

 

Analysis of Noise in Communication Systems 

 

 Thermal Noise(Johnson Noise) : 

The thermal noise is because of the random thermal motion of the electrons inside a conductor. The 

thermal is added in the load resistor connected to the photo-diode. The thermal noise also has constant 

spectral density over a very wide frequency range and consequently, thermal noise is also white.  

The thermal noise is modeled by Gaussian process.  Since this noise is added externally to the photo-

current, this noise is additive in nature. The variance of the thermal noise is given as  

 

   

2 2 ( )
4

T T
L

K T B
i t

R
  

   

Where K  is the Boltzmann constant, T  is the temperature of the receiver, and  LR
 is the load resistor 

connected to the photo-diode.  The variance gives the thermal noise power.  

The thermal noise does not depend on the signal.  Hence it is same for both 1 and 0 bit of the binary signal. 

 

The amplifier following the load resistor also adds the noise. The character of this noise is similar to the 

thermal noise.  

 

The contribution of the amplifier noise can be accounted for by a parameter called the Noise Figure nF
 of 

the amplifier. The variance of the thermal noise in presence of amplifier is     
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It may be noted that the thermal noise can be reduced by using high load resistance.  

This indeed gives loading problem for the following amplifier.  However, that is an independent issue. 

Generally high input trans-conductance amplifiers are used after the photo-detectors.  

SIGNAL–TO-NOISE RATIO (SNR)  

The SNR is a ratio of the signal power to the total noise power.  

To get total noise power, we assume that the shot noise is approximately Gaussian with of course mean equal to the 

average photo-current.  Then since the shot and thermal processes are independent Gaussian random processes, 

the variance of the total noise is equal to the sum of the variances of the two noises.  The average mean square 

value of the photo-current fluctuation is therefore  
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The signal to noise ratio is  
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Depending upon the optical signal the thermal noise may dominate over the shot noise and vice versa.  Since shot 

noise is proportional to the signal, the shot noise is dominant at high signal levels, typically higher than -20 dBm.  

 Thermal Noise Dominated Receiver 

The signal levels at most of the receivers is between -60 dBm to -30 dBm, most of the receivers are thermal noise 

dominated, i.e.  T s   .   The SNR in this case is given as  

   

2 2

4
 = in L

n

P R
SNR

K T B F


 

The expressions suggests that the SNR can be improved by  

1. By increasing the signal power ( SNR is proportional to the square of the signal power)  

2. By increasing the load resistance 
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The thermal noise in quantified by a parameter, called the noise equivalent power (NEP) which is defined as  

  

1/2

2
4

L

in nP K T F
NEP

RB

        

The inverse of NEP is called the detectivity of the receiver.  Typical value of NEP for good receiver lies in the range 1-

10 /pW Hz .   

From the knowledge of the NEP, one can obtain the signal power needed to achieve a desired SNR.  Since bandwidth 

is proportional to the data rate in a digital system, the power requirement for a given SNR is proportional to the 

square of the bandwidth, i.e. inP B  

 Matched Communication Systems 

1. Resistor in series: Assume that resistor R 1 at temperture T1 and resistor R 2 at temperture 

T2 . 

Thermal noise 
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 Noise Factor- Noise Figure  

Consider the network shown below,  

Any electrical conductor (i.e., a wire or a resistor) that operates at any temperature above absolute zero 

generates a thermal noise voltage. Ideal (lossless) reactive components contribute no noise. You can model 

a real RC or RL network as an ideal capacitor or inductor plus a noisy resistor that includes the real part of 

any reactance. 

We define the noise voltage within a given bandwidth as: 

 2

2

2 4
f

f

n RdFkTV

  
in which  V = Integrated root-mean-square (RMS) voltage between frequencies f1 and f2; 

k = Boltzmann's Constant (1.374 * 10-23 joules per degree Kelvin); 

R = resistance or resistive component of impedance; 

T = temperature in Kelvin (Kelvin = Celsius + 273.16) 

f1, f2 = lower and upper limits of bandwidth of integration. 

 

The integral imposes "brick wall" (i.e., perfectly rectangular) limits on the noise bandwidth. 

When a resistance or resistive component of impedance remains constant over a frequency range of 

interest, the noise integral simplifies to: kTRBV 4   

Thus, for a 51- resistor operating at 290 K, we calculate the noise voltage produced in a 1-Hz bandwidth 

as: 151290)10374.1(4 23  V  

V = 0.902 * 10-9, or approximately 0.9 nV. 
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 Noise Temperature 

A measure of the power per unit bandwidth of a source of white noise, defined as the temperature 
(in kelvins) at which the source would generate thermal noise at the same power per unit bandwidth. 
The noise in a system can also be expressed as an equivalent noise temperature Te. At a pair of 

terminals, the temperature of a passive system having an available noise power per unit bandwidth 

at a specified frequency equal to that of the actual terminals of a network. Note: The noise 

temperature of a simple resistor is the actual temperature of that resistor. The noise temperature 

of a diode may be many times the actual temperature of the diode. 

The noise in a receiving system can be of thermal origin (thermal noise) or can be from other noise-

generating processes. Most of these other processes generate noise whose spectrum and 

probability distributions are similar to thermal noise. Because of these similarities, the 

contributions of all noise sources can be lumped together and regarded as thermal noise. The 

minimum signal level that can be detected is limited by the thermal noise captured by the antennas 

facing a blackbody (which is at room temperature of 290K = 17°C = 62°F) and noise generated 

within the sub-systems of the receiver. 

2. Noise Figure – Noise Factor for Passive Elements 

 
3. System Noise Temperature 
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19. Additive White Gaussian Noise 

A basic and generally accepted model for thermal noise in communication channels, is the set of 

assumptions that 

 the noise is additive, i.e., the received signal equals the transmit signal plus some noise, where the 

noise is statisticaly independent of the signal. 

 the noise is white, i.e, the power spectral density is flat, so the autocorrelation of the noise in time 

domain is zero for any non-zero time offset. 

 the noise samples have a Gaussian distribution. 

Mostly it is also assumed that the channel is Linear and Time Invariant. The most basic results further 

asume that it is also frequency non-selective. 

The matched filter correlates the incoming signal with a locally stored reference copy of the transmit 

waveform. The matched filter maximizes the signal-to-noise ratio for a known signal. It can be shown to be 

the optimal detector if 

 the channel produces Additive White Gaussian Noise (AWGN), 

 the channel is linear and time-invariant (LTI), and 

 an exact time reference is available, the signal amplitude as a function of time is precisely known. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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