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Noise in AmElitude Modulation

Noise in amplitude modulation systems:
1- Single sideband modulation:

Hi(f) HA(f)
. IF SI(1) S2(t : So(t)
) Si(t) ———» filter 4.® ‘:_::?;’ | I
|E(t) Gn(f)=12 ani®  t Gn2(f) Gno(f)
sl L
coswct
-fc-fm -fc fc fe+fm £
HA(f) fc= fir intermediate freq.

fm= base band bandwidth




Noise in AmElitude Modulation

alculation of Signal Power:

- Assuming the received signal is SSB- USB
- The demodulator is a synchronous detector.

Let the modulating signal be a sinusoidal of freq. fm (f{t) = cos wmt)

. H
Fi(t) = Ac cos(wc + wm)t :;:(f) S (t) HA(Q So(t)
SO—{ fitter ?ﬂdg —
Gn(f)y=n2 le(f) Gn2(f) Gno(f)
Fi (1) = Fi(t)
Multiplier o/p
Fa(t) = F, (1) cos wct = Ac cos(wec+ wm)t cos wcet
| Ha(f) ¢
-fm fim

= fmwmt-l- feos(Zwe-l-wm)t




Noise in AmElitude Modulation

Output- signal Fo(t) =§ coswmt

1/p signal power Si= ‘ic H:: - 51(:} S2(t l:.gl So(t)
SO filter Fmﬂ —
o/p signal power So= % gt “‘““’ Gn2(f) Gno(f)
So_1
Si 4
Calculation of noise power:

Gnl1(f)=Gni(f)| Hs(f)?

Gn(f)
02




Noise in AmElitude Modulation

2- Double side band modulation:
Hue(f) HA(f)
. IF Sl(t) Audw Sof(t)
SO filter Fllta —
Gn(f)=n2 Gnl(f) Gn2(f) Gno(f)
fc= fir intermediate freq. < _[_>

fm = baseband band width
|H‘IF(0| N




Noise in Amplitude Modulation

Gn2(f)
A
8
-fc-fm -fc -fm fm fc fc+fm
HA(f)
=PSD*Bw t
Noise power = power spectral density * bandwidth
8
No = -’-’-.me = { e
8 4
B p

Calculation of signal to noise ratio:

So Si/4 _ Si
No nfm/4 nfm




Noise in AmElitude Modulation \

Calculation of Signal Power:
Assuming a sinusoidal base band signal of freq. fm. (f{t) = A coswmt).

To keep the received power the same as in the SSB case.

Fi(t)= vZ Ac coswct coswmt

Sico) LT
Fi()=Fi(1) Gn(f)y= w2 Gno()
Multiplier o/p

Fa(t) = F, (1) cos wet =[ VZ Ac coswct coswmt ] cos wet

-\/iAcoos’wacosm-%coswul+ %cos(ch)




Noise in Amglitude Modulation

Calculation of Noise Power: Gai(-Cni(n] Hu( D
c-;m
a b c d
n2 I 1 ;
-fc-fm -fc -fc+fm fc-fm fc fo+fm
[ &
i .
w4
a b ws
== 1 b —::- 3. C : d
-2fc -fm fm 2fc-fm fc fo+fm

(ino(f'F(i‘ul(f)ll'l-‘\(f)l2




Noise in AmElitude Modulation

3- Normal AM Modulation:

Assuming synchronous detection as in DSB & SSB the carrier is used as a transmitted
reference to obtain the local oscillator signal the carrier increase the total input signal
power but makes no contribution to the o/p signal power.

The So/No for DSB-SC applies directly to this case provided Si is replaced by Si

s
So S s= power in side band alone

No nfm

Suppose the received signal is Si(t) = A[1+ mf{t)]Jcoswct

= A cos wct + mAf(t)coswct
m= modulation index
f(t)= baseband (modulation signal) which amplitude modulates




Noise in AmElitude Modulation

where Pr.'=§ carrier power and

2 2 2
sisn = “‘zf ) _ side band power

Substitute in 1

A‘_l . ml A‘_z fl(‘}
2 y .

Al Si : a 3
S substitute this in sideband power.
2 1+m® (1)

W=#ﬂ




Noise in Amplitude Modulation

In terms of carrier power Pc

For sinusoidal modulation, f(t)= coswmt Si(t)= A(1+coswmt)coswct

i
2,2 W
=S O)==
So  m’ Si
“"No 2+m’ nfm




Noise in AmElitude Modulation

A Figure of Merit:

For the purpose of comparing systems a figure merit y may be introduced where y is
defined by..

~ So/ No
Si/ Nm

Y

"\o? Fo+1




Example:

A received system works at 1 MHz. The modulating
signal power (S%) is 1 mW and its bandwidth (fm) is
3 kHz. If the spectral density of noise power is

1023 watt /Hz (two-side), find Si/Ni and So/No
for:

1. DSB

2. SSB

Solution:

Given:
e Si=1mW=1x103W
e fm=3kHz =3 x 103 Hz
e fc=1MHz
e 1/2 =10 watt/Hz (two side)



Solution

1) For DSB:
« Noise Input (/V;):

M :g ngnl

N; = 10 % watt/Hz x (2 x 3 x 10° Hz) = 6 x 10°2° W

« Signal-to-Noise Ratio at Input (S; /N, ):

_ 1x10 ?
— 6x10 20

5
N
¥ = (1/6) x 107

« Signal-to-Noise Ratio at Output (S5, /M,):

S8 _ 5
For DSB, N TN

> =(1/6) x 107




solution

2) For SSB:
» Noise Input (V;):
M — g X Jm

N; = 10"* watt/Hz x (3 x 10° Hz) = 3 x 1072° W

- Signal-to-Noise Ratio at Input (S; /V;):

S _ 1x10®
N — 3x10
& =(1/3) x 10"

» Signal-to-Noise Ratio at Output (5, ,/NL,):
For SSB, % == %
% =(1/3) x 107



