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| ?,3.1TM|xmg Noise with Sinusoid

\ situation ofien encountered in communication systems is one in which noise is mixed with [i.c.-
e’ multiplied by) a flelt:llmlmst_i_r.: sin.usuidai waveform,_Let the sinusoidal waveform be cos Z‘-.:r,f,'lr. Then
| the product of This waveform with a spectral noise component, as given by Fq. (7.15). yields

! ' (] h
1) cos 27fyt = ?‘ cos 2m(k Al + fo)t + — sin 2(k Af+ fo) .
- ay . ) ' b, .
+ - cos ..:r.(k' ﬁf“{n“ + <. sin :.."J'l.'(k Af = o)t (7.37)

Thus, the mixing gives rise to two noise spectral components, one at the sum frequency f, + k Af and..
one at the difference frequency fp — & Af. In addiuon, the amplifides of each of the two noise spectral
_tomponents generated by mixing has been rcdu_ch__byn_ﬁwlur nl_'E with respect to the original noise_
e variances (normalized power) of the W0 new DOISC componenls are,

_Spectral component. Hence, th - .
sma TTaclor of 4. Accordingly, 1T the power spectral density of the original noise componcit
L | afequency k A7 Ts Gk Af), then, from Eq. (7.37). the new components have spectral densitics

G,(kAf)
Gk Af+fp) = GkA =)= — 4 (7.38)

el L e
.ariable /. and Eq. (7.38) becomes

g -]rL_‘bE_lihr_nhiFas Af — 0 we replace k Af by the continuo

G,(f)
G(f+f)=Cf-N="3 4 - (7.39)

waveform n(r), the power spectral
4, shift the divided plot to the left

:jn Words, given the power spectral density plot G,IU.F ) of a noise
;nsny of n(r) cos 2mfyt is arrived at as follows: divide Gﬂ(l{ A bjplots
dmount £ ¢ : t fp, and add the two shifie \ .
o to the right by amount jo, . ‘hich we single out two spectral

oaw consider the following situation: We have noise ) from Vore € ‘

{ ] Af. We mix with a sinusoid at frequency
"Ponents, one at frequency k 47 and one at frequency / Af. B Then the mixing
M S =

J’i’:.]":’ilh Jo selected to be midway bﬂy_qen_k @jMﬂLiiﬁ_E_

Scanned with CamScanner



i o Y

428  Principles of Communication Systems
. : . . y ‘Merence-frequency components and
will give rise to four SPPF"“I components, (WO difTeren q . iy Wo gy
ts. The two difference-lrequency components will be atthe same freqy, .
ver. we now show that these difTerence-trequency "“'-“P“ﬂunh}"
' - Afand 1 Af as in Fgs (7.24 ¢
nts atk Afand TA7ag I eas {T=d) and (725

frequency componen
Af=f, - k Af =1 Af - fo. Howe
uncorrelated. Representing the spectral compone

find that the difference-frequency components are

————— b
[ (R
”pI(rJ = % cos 2{[-}: Aft - fj-mn_ln;'_:‘;\ﬂ . ”'”“
U cos 2 o i 2mp o
and Ma(f) = " €08 27 Aft il 2mp A (04,

nt due to the mixing of frequencies f and & A, while n.

where n,,(¢) is the difference compon¢ S Jo

h' _ _— . . Jp If“lf I' ,“..‘ it 'L“
is the difference component due to the mixing of frequencies fu and 7 AfC 10 we now take int o,
count. as we have established in Sec. 7.2.2, that aya; = by =y u,_=f’:‘ ’f.*_ = 0, then we find fro,

_Eqgs (7.40) and (7.41) that e

(74))

Eln ,I{f}nﬁ({}] =4

e M" Jr"-l_ﬂ_-t'_ X A . .
Thus, as discussed in connection with Eq. (7.36), superposition ol power applics, luml _lhq power
the diflerence frequency due to the superposition of u,,(f) and n,5(7) is

E{[n,(n + n},z(r)}z} = E{[n,,{!}]zl + E”Ef'.:{”f I‘ (7.43)

Thus, mixing noise with a sinusoidal signal results in a frequency shifting of the original noise
—— T S T TR S S - - O T . =
by f;. The variance of the shifted noise is found by adding the variance of each new noise compo
nent) Thus we see that the principle stated immediately after Eq. (7.39) applies even when there is
overlap in the two shifted power spectral density plots.
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