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N\ 7?5/SJUADRATURE COMPONENTS OF NOISE
LN

. . EE as the superposition of spectral com
-\\f have renrc_s;-ntcd noise #(/). as in Eq. (7.7), as the superpos l 1""‘"1?!11.\;.J.rl,mlﬁr
in the expression

n(n = lim E (a, cos 2wk Aft + by sin 27k AfT
R o

{?,.‘5]

It is sometimes more -;E:-'ﬁmnééoug to represent the noise through an alternative r“r’r":-‘"-‘ntat
given by N
n(r) = n(r) cos 2xfor — n,(r) sin 27/t 0y,

in which £ is an arbitrary frequency. The representation of Eq. (7.79) is frequently used wiy, e
convenicnce in dealing with noise confined to a relatively narrow frequency band in the ncigﬂhﬂ,_
hood of f;. For this reason Eq. (7.79) is often referred to as the narrowband representation, Th} lem
quadrature component representation is also often used because of the appearance in the cqmnﬂ;l
of sinusoids in quadrature.

We may readily transform Eq. (7.78) into Eq. (7.79) and, in doing so, arrive at explicil eXpres.
sions for n(f) and n(r). Let us select f; to correspond to & = K; that is, we set

. H=KAf (180,
r{dding 2rfyf = 27K Aft = 0 to the arguments in Eq. (7.78), we have

n(r) = alﬁrﬂﬂz; {ay cos 2n[fy + (k - K) AfJt + by sin 2mfy + (k- K) Af)} (180

Using the trigonometric identities for the cosine of the sum of two angles and for the sine of (¥

sum of two angles, it is readily verified that n() is indeed given by Eq. (7.79), provided that n{!
and n(f) are 1aken to be

ndf) = lim b [ay cos 2n(k — K) Aft + by sin 2x(k — K) A (18
k=1
and
= 1i ) i - ki)

ot
random processes which are represented & II-::.w
: from Sec. 7.2.2, that the a,’s and by's ar Gﬁu;

vanance and that, further, the a,'s and by's a1 uncndt‘“'
s. ?.79 to 7.81) that »_(r) and n(r) are Gaussian r:,;]:tl*-"i
varance and that, further, n(¢) and n,(r) are unce? il
¢ quadrature representation of noise, let us use it in Cﬂ“""‘c."ﬂ ﬂl.
observe in Eqs (7.82) and (7.83) that a noise spectral component 1 I{

ll’
- _(-Ir
S TIse In n(r) and n,(r) to a spectral component of frequency (k - ) o=/

Like n(t), so also n(t) and n(1) are stationary
superpositions of spectral components, We recall
random viriables of zero mean and equal ,
lated. We may then readily establish (Prob
processes of zero mean value and of equal

To see the significance of th
narrowband noise. We

frequency f= Af give
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quppose then that the NOISe n(t) is narrowbangd, extending .
: elected midway in the frequency range of the noise Tiﬂ\'er a bandwidth 8. And suppose that /,
I'w; the range fo — B/2 10 £, + B2 Op the other ha -d ‘ " en the spectrum of the noise n(t) extends
) |y the rANEC from —A/2 1o B/2. By way of . I- € Spectrum of n (1) and n,(1) extends over
h“”:] of only 10 K1z centered around J }‘ Iﬂei:;?lmleillhhc noise a(1) is confined 10 a frequency
pan L n - Z, lthen “Ih“L' ”“‘] . X " . A
nts around the 10 2 freauenc is a superposition of spectral
component o v h‘f!Hxﬂ frequency, n (1) and m,(1) change only insignificantly dm;“' =
ime the smusoid ol frequency f, executes a full cycle., ’ it 4
n view of the slow variations of » (1) and » Ve 16 the Gruenid nf o
bl and uselul 10 give the quad ) 5(1) rclatlm. to the sinusoid of frequency f,. it is
TR ) h.q( ivd C[uﬂli rature representation of noise an interpretation in terms of
pII:IS.l‘II':a .mI :151 a.r ) Jvmgram. _Thus, in Eq. _{7._79) the term n.(1) cos 2/t is of frequency f, and of
ru[alit'u!y S m‘: }’d'.l:trj.'um alfm'jhlude n(1). S:mn_lar]}-. the term —n (r) sin 2a7,¢ is in quadrature with
fhe first (ST ARCUAAS & relative’y slowly varying amplitude n,(r). In a coordinate system rotaling
counterclockwise with angular velocity 271/, these phasors are as represented in Fig. 7,10, These two
phiasors of VArying amplitude give rise to a resultant phasor of amplitude (1) = [n7 (1) +n] (1))
which makes an angle
o(r) = tan™ [n(ryn (1)) (7.84)

with the harizontal. With the passage of time, the end point of this resultant phasor wanders about
randomly over the phasor diagram.

———————————— =

a(1)

Fig. 720 A phasor diagram of the quadrature representation of noise.

sentation is useful gencrally in the analysis of noise and the

We shall find the quadrature repre A
q discussing angle modulation communications syslems.

phasor interpretation is especially uscful in
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