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COURSE OUTCOMES
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After studying this course, students will be able to:

• Understand and derive SNR for AM & FM .
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NOISE- External noise

• Equipment / Man-made Noise is generated by any 
equipment that operates with electricity

• Atmospheric Noise is often caused by lightning

• Space Noise is strongest from the sun and, at a much
lesser degree, from other stars



NOISE- Internal noise

• Shot Noise is due to random variations in current flow in 
active devices.

• Partition Noise occurs only in devices where a single 
current separates into two or more paths, e.g. bipolar 
transistor.

• Excess Noise is believed to be caused by variations in 
carrier density in components.

• Transit-Time Noise occurs only at high f.



NOISE- Short Noise



NOISE- Thermal Noise

● Thermal Noise is produced by the random motion of electrons
in a conductor due to heat. Noise power, PN = kTB

where T = absolute temperature in oK

k = Boltzmann’s constant, 1.38x10-23 J/K 

B = noise power bandwidth in Hz

Noise voltage,

VN = 4kTBR



NOISE-
White
Noise
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NOISE EQUIVALENT BANDWIDTH
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NOISE IN ANALOG 
COMMUNICATIONS

1

2

In this chapter, we revisit the analog modulation methods of Unit 1 and 2 in 
light of
the noise-related concepts introduced.

There may be many sources of noise in a communication system, but often the major
sources are the communication devices themselves or interference encountered during the
course of transmission. There are several ways that noise can affect the desired signal, but
one of the most common ways is as an additive distortion. That is, the received signal is
modeled as1

where is the s(t) transmitted signal and w(t) is the additive noise. If we knew the noise
exactly, then we could subtract it from and recover the transmitted signal exactly.
Unfortunately, this is rarely the case. Much of communication system design is related to
processing the r(t) received signal in a manner that minimizes the effect of additive noise.
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NOISE IN COMMUNICATION SYSTEMS

Noise: It is an unwanted signal which tends to  
interfere with the modulating signal.

Types of noise:

Noise is basically divided into,

1. External Noise

2. Internal Noise



Classification of
Noise

1.External Noise:

• Atmospheric Noise: Radio noise caused by natural
atmospheric processes, primarily lightening
discharges in thunder storms.

• Extraterrestrial Noise: Radio disturbances from  

sources other than those related to the Earth. 
Cosmic Noise: Random noise that originates outside the

Earth’s atmosphere.

Solar Noise: Noise that originates from the Sun is called 
Solar noise.



Classification of Noise

• Industrial Noise: Noise generated by automobile
ignition, aircrafts, electric motors, Switch gears,
welding etc.

2. Internal Noise:

• Shot Noise: Random motion of electrons in the
semiconductor devices generates shot noise.

• Thermal or Johnson’s Noise: Random motion of
electrons in the resistor is called Thermal noise.

Vn = KT0BR

Where, K= Boltzmann constant, R= Resistance 

T0= Absolute temperature B= Bandwidth



Noise Temperature and Noise Figure

Noise temperature(Te): It is a means for specifying
noise in terms of an equivalent temperature. It is
expressed as ,

Te= (Fn-1) T0

Where, Fn = Noise Figure, T0 = Absolute temperature

Noise figure(Fn): It is the ratio of output and input
noise of an amplifier or network. It is expressed
as, =

Where, N = Noise added by the network or
amplifier.

G = gain of an network or amplifier



Noise Temperature and Noise Figure 

Noise Figure of Cascade Amplifier or Network:

Noise Figure of an cascade network or amplifier is  
expressed as,

Fn =

Where, F1= Noise figure of 1st stage

G1= Gain of 1st stage

F2= Noise figure of 2nd stage 

G2 = Gain of 2nd stage

Fn = Noise figure of nth stage 

Gn = Gain of nth stage



Noise equivalent Bandwidth

When white noise (flat spectrum of frequencies like
white light) is passed through a filter having a
frequency response , some of the noise power is
rejected by the filter and some is passed through
to the output.

The noise equivalent bandwidth is defined in the
following picture,



Figure of Merit

Figure of Merit (FOM): It is ratio of output SNR to
input SNR of a communication system.

FOM =

Where S0= Output Signal Power &N0= Output  
Noise Power

Si= Input Signal Power &Ni= Input Noise Power

Receiver model for noise calculation:



1. The message power is the same as the modulated signal power of the
modulation scheme under study.

2. The baseband low-pass filter passes the message signal and rejects out-of-
band noise. Accordingly, we may define the reference signal-to-noise ratio,
SNRref , as

(9.11)
average power of noise mesured in the message

bandwidth

average power of the modulated message signal

refSNR =

• A Figure of merit

Figure of merit =
post -detection SNR

referenceSNR





• The higher the value that the figure of merit gas, the better the noise 
performance of the receiver will be.

• To summarize our consideration of signal-to-noise ratios:
• The pre-detection SNR is measured before the signal is demodulated.

• The post-detection SNR is measured after the signal is demodulated.

• The reference SNR is defined on the basis of a baseband transmission model.

• The figure of merit is a dimensionless metric for comparing sifferent analog modulation-
demodulation schemes and is defined as the ratio of the post- detection and reference
SNRs.































Receiver model for noise calculation

• The receiver is combination of Band Pass Filter (BPF) and
Demodulator.

• The BPF is combination of RF Tuned Amplifier, Mixer and Local
Oscillator whose band width is equal to band width of modulated
signal at transmitter.

• Channel Inter connects transmitter & receiver. Channel adds noise
to the modulated signal while transmitting and it is assumed to be
white noise whose Power Spectral Density is uniform.

• BPF converts white noise in to color or Band pass noise or narrow
band pass noise.



Receiver model for noise
calculation

PSD of white noise and Narrow band pass noise are,

Power of band pass noise P = 

Where B = Band width noise.

=



Communication system model for noise calculation

• The communication system model for noise calculation contains transmitter,
channel and receiver.

• Transmitter is replaced by modulator which converts low frequency modulating
signal x(t) into high frequency bandpass signal with the help of carrier signal.

• Channel is replaced or modelled as additive noise which adds white noise with
PSD η/2 and it contains all frequencies.



Communication system model for noise calculation

• Receiver is modelled as BPF followed by demodulator.

• BPF is combination of RF tuned amplifier, mixer , local  
oscillator.

• Passband or badnwidth of BPF is equal to bandwidth of 
modulated signal.

• BPF converts white noise into color or bandpass noise  
ηB(t).

Input to BPF is s(t) + ηw(t) 

Output of BPF is s(t) + ηB(t)

• Demodulator converts high frequency or bandpass signal 
into low frequency or baseband signal.



Quadrature representation

ηi(t) and ηq(t) can be recovered from ηB(t),



Bandpass noise representation

Frequency domain representation:

Bandpass noise can be represented in frequency domain  

as,

Properties of ηB(t):

• ηB(t), ηi(t) , ηq(t) will have same power.

• The PSD of ηi(t) & ηq(t) is,



Figure of Merit calculation in DSB-SC

• Transmitter contains DSB-SC modulator, whose
output s(t) = m(t) coswct.

• Noise generated by the channel is considered as
white noise ηw(t) with uniform noise power
spectral density η/2 .



Figure of Merit calculation in DSB-SC
• Band pass filter’s bandwidth is equal to modulated

signal bandwidth.

• BPF allows DSB-SC signal and converts white noise
into color noise or bandpass noise ηB(t).

Therefore, o/p of the BPF is yi(t) = s(t) + ηB(t).

• Synchronous detector is used to extract modulating
signal m(t) which contain multiplier followed by low
pass filter.

Input signal power is , Si = m2(t)/2, Input noise power, Ni = η. 2fm,
Output signal power, S0 = [m(t)/2]2, Output noise power, N0 = η. fm/2

Substituting these values, FOM=(S0/N0)/(Si/Ni)= 2



Figure of Merit calculation in SSB-SC
SSB-SC signal,

Output of BPF, yi(t) = s(t) + ηB(t) 

Bandpass noise, ηB(t) = ηi(t) ocs Wct ηq(t)SinWct

Input signal power is , Si = m2(t), Input noise power, Ni = η. fm 

Output signal power,S0 = m2(t)/4 , Output noise power, N0 = η. fm/4 

Substituting these values, FOM= (S0/N0)/(Si/Ni)= 1



Noise calculation in AM system
AM signal, S(t) = [Ac+m(t)] Coswct 

Output of BPF is, yi(t) = s(t) + ηB(t)

= [Ac+m(t)] Coswct + ηB(t)

Input signal power is , Si = [Ac2/2]+[m2(t)/2]

Input noise power, Ni = 2 η. Fm, Output signal power,S0 = m2(t) 

Output noise power, N0 = 2η. Fm

Using these values, FOM= 2.



Noise calculation in FM system

Frequency modulated signal s(t) = Ac Cos [ wct + Kfʃm(t) dt] 

Output of BPF is, yi(t) = s(t) + ηB(t)

= Ac Cos [ wct + Kfʃm(t) dt] + ηB(t)

Input signal power is , Si = Ac2/2, Input noise power, Ni = 2 η. Δf

Output signal power, S0 = γ2K 2m2(t)f

Substituting these values, FOM= (S0/N0)/(Si/Ni)

FOM = (3/4π2)mf3, Where mf = Δf/fm

























Comparison between different 
Modulation Systems with respect to FOM


