




Noise	in	Communication	Systems
• Noise	is	any	unwanted	signal,	random	or	
deterministic,	that	interfere	with	the	desired	
signal	in	a	system.
• sources	of	noise:	man	made	and	naturally	
occurring.
• There	is	external	noise	and	internal	noise
• The	noise	is	distinguished	from interference:

• signal-to-noise	ratio (SNR),
• signal-to-interference	ratio (SIR)	
• signal-to-noise	plus	interference	ratio (SNIR)



• Johnson–Nyquist	or		thermal	noise	is	unavoidable,	and	generated	by	the	
random	thermal	motion	of	charge	carriers	(usually electrons),	inside	
an electrical	conductor,	which	happens	regardless	of	any	
applied voltage.

• Thermal	noise	is	approximately white,	meaning	that	its power	spectral	
density is	nearly	equal	throughout	the frequency	spectrum.	The	
amplitude	of	the	signal	has	very	nearly	a Gaussian	probability	density	
function.

• A	communication	system	affected	by	thermal	noise	is	often	modeled	as	
an additive	white	Gaussian	noise (AWGN)	channel.
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Signal	to	Noise	ratio	(SNR)

Q:	What	is	used	to	“	measure”	the	effect	of	noise?	
The	SNR	is	defined	as	the	average	signal	power	divided	by	the	
average	noise	power at	a	certain	point	in	the	system.	
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Signal	to	Noise	ratio	(SNR)

Q:	What	is	the	System	SNR?
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Signal	to	Noise	ratio	(SNR)

Q:	What	is	the	System	SNR?
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Noise	Figure

Q:	What	is	the	Noise	Figure	of	System?
It	is	an	indication	of	how	much	noise	the	system	adds:
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Time	Averaged	Noise	Representation	

Q:	How	is		Noise	represented	?
• Random	noise	is	usually	represented	in	the	form	of	averages as	it	is	difficult	to	obtain	an	
closed	form	expression	for	noise.	

Suppose	n(t)	is	noise:
1. Mean	value	of	noise:

This	is	referred	to	as	the	DC	or	average	of	the	noise.
T	is	finite	for	a	good	estimate	for	the	noise.
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Time	Averaged	Noise	Representation	
Q:	How	is		Noise	represented	?
2. Mean	Square	Value:

This	is	the	time	averaged	power	of	the	noise.
The	square	root	of	this	is	called	the	root	mean	square	(rms)
The	average	power	can	be	determined	using	the	noise	PSD:
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Time	Averaged	Noise	Representation	

Q:	How	is		Noise	represented	?
3. AC	component	:

This	is	AC	fluctuating	component	in	the	Noise	signal.

The	average	power	in	the	AC	component	is:
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Time	Averaged	Noise	Representation	

Q:	How	is		Noise	represented	?
So	the	average	power	in	the	noise	can	be	written	as:
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White	Noise	

Q:	What	information	does		the	power	spectral	density	of	Noise	convey?	
It	shows	the	frequency	components	present	in	the	Noise	signal.
If	all	the	frequency	components	have	the	same	power,	this	is	called	
white	noise	
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Bandlimited	White	Noise	

Q:	What	is	Bandlimited	White	Noise?
If	the	system	has	a	bandwidth	of	B,	then	the	noise	in	bandlimited	white	
noise
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Bandlimited	White	Noise	

Q:	How	is	Bandlimited	White	Noise	transmitted	in	an	LTI system?
Similar	to	what	we	have	previously:

For	white	Noise:
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Noise	Temperature
• Q:	What	is	the	Noise	Temperature
Since	k	and	B	are	constant,	then	the	noise	power	is	fully	
specified	by	T
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Exercise:	A	given	amplifier	has	a	4dB	noise	figure	and	a	bandwidth	of	500kHz,	and	an	input	
resistance	of	50Ω .	Calculate	the	rms signal	input	that	gives	an	output	signal	to	noise	ratio	of	unity	
when	the	amplifier	is	connected	to	a	50Ω resistor	at	290K
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Noise	in	Amplifiers	
Q:	What	is	the	total	NF	of	a	cascade	of	systems?	(optical	&	Satellite	com)

For	the	system	shown	below	the	total	Noise	Factor	NF	is:
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Signal	transmission	through	linear	systems

– Deterministic	signals:
– Random	signals:

Input Output

Linear	system



Ideal	distortion	less	transmission:
All	the	frequency	components	of	the	signal	not	only	arrive	with	
an	identical	time	delay,	but	also	are	amplified	or	attenuated	
equally.	










