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qppose then that ”.'L' noise n(r) is narrow
' selected midway in the frequency range of the nojs,
st the FanEe o = B2 0., + B2 On the other hang.

i - 2 hi i i
ot 00 1M1, . ey e )8 Tt of
qime the sinusoid ol frc(]l:c:}u)_'f., cexecutes a full cycle, T kg 82

| view of the .\'l_m\ variations of n,(r) and n(r) relative 10 the sinusoid of frequency f, it i
qeasonable and useful 10 give the quadrature representation of noise an inte rcnl?r\:lc??lﬁl i IF
phasors and a phasor (:Imgrum. _Thus. in Eq. (7.79) the term 1 (1) cos 2nfyt is «T rr:-qucnc _;:xr::i :I‘
elatively slowly varying amplitude n(1). Similarly, the lcrn; -n,(1) sin 27/t is in quadr)aluore with
e first term and has a relatively slowly varying amplitude 5 (;). Ina mol:diﬁ. e system rotating
counterclockwise with angular velocity 2nfj, these phasors are n; represented in Fig. 7I!) These I“‘ll:
phasors of varying amplitude give rise to a resultant phasor of amplitude r(r) = [n? (1) +n? (1)]'?
which makes an angle ' '

0(1) = tan™ [n,(r)/u (1)) (7.84)

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

nd1)
Fig. 7.0 A phasor diagram of the quadrature representation of noise.

We shall find the quadrature representation is useful generally in the analysis of zmisc and the
dulation ications sy

phasor interpretation is especially useful in discussing angle

f Quadrature Components
s select from the original noise n(f) those
K — A, where 4, like & and K, is an Enu:g'er.

751 Power Spectral Density 0
To determine the power spectral density of n IEllJ
S[K'cnal components corresponding to k= Kf+ Ahand T;ﬁd = o gk
ince k = K 5 the frequency fp, the sele p pond ! e
S+ 4 Afa:d ;szizl’u'ir’;h:;e wu r.-iqumies give rise to four power spectral lines in a two sided
- Jo— -

a 11his fig € a -li d noise.
1 spec densi in Fig. 7. In this figure, Wi have assumed band: .Ilm}lc "
wer tral density plot as shown in Fig. 11 Inth l,l ‘ el iy I

me:
have not assumed K Af'is located at the center of the band.

" the band, nor have we assumed that mé::—?;g;f{h&t "t An ). comesponing o our

We now select from (1), as given by
requencies, £, + A Af; from a(f). We find
Ang(f) = ax- 2605 27 At
+ Gy 42 €08 2mA +

_ by ysin 2R Aft

Aft+ by sin 274 Aft (7.85)

438  Principles of Communication Systems

Glf)

B

—pr]

G-l

) ]
f 1
I Aal) | _ _GillazAAT) _ I !
! i
1 1
1

0 (b—AAl)= (K= AT (fo +AAf) = (K+ Jar |
(a)

6,(1).6,01)

260 |

—{fo+AaN (o= A4A1) lo= KAl

()

0 f
(b)
Fig. 7.2 (a) Power spectrum of bandlimited noise. (b) Power spectral density of n, and ng.

Note that all four terms in Eq. (7.85) are of the same frequency A Af. These four terms represen! four
uncorrclated random processes, since the a's and b's are uncorrelated random variables, Hense **
may find the power P; of An(1) by determining the ensemble average of [An ()], Since And!l*
a stationary random process, the ensemble average can be calculated at any time 1 =1;. Followint
the procedure employed in Sec. 7.2.2, we choose 1, so that A Afr, is an integer. Then

Anft)=ay_,+ay,; (T'SN
’ 787
and Py = E{[An )]} = El(ag_ 5+ ag, )] o
Using Eq. (7.26), which says that Eay_ay, ;) =0, we have, from Eq. (7.87), that
o 5)
Py=ap, +ag,, "
From Eqs (7.20) and (7.88), we then find
e T 9
Py=2G (AAfYAf =26 [(K - A) A (7’5
. (K = Af+ 2 {
Hence, RO A AN
4 !
2] G, (2 Af) = G (K - D Af+ G K+ 2y 4f] o
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We now scl KAf= Jy and replace Af by a continuous fre

quency variable £, and we hinve, lrom

Go(f)= Gl fo-1) + G Sy + 1)

{7.91)
ar manner we may deduce an dengjcq] result for G, ( 1), namely

In a simil

Gnr(f)" = Gn(fi;l Hf) + G"(.,ﬂl +f}

Expressed in words, Eqs (7.91) and

n(1) at a frequency f, add the POWer spectral densitjeg of n(r)

view of this result, EII?(J in view of the symmelry of a two-sided power speetral density plot as in

Fig. 7.11, it may readily be verified that the plot of G, (f)or G, (/) may be constructed from the
plotol G,(7) in the following manner- ’ '

1. Displace the positive-frequency portion of the plot of

portion of the plot originally located at f, is now coj
Displace the negative-freque

3. Add the two displaced plots.
is shown in Fig. 7.115.

A case of special interest is considered in the following example,

(7.92)

(7.92) say, that to find the power spectral density of (1) or of

at the 1'rc:qm:n1:;:iu.~:j"J Jand £, 1 1 I

G,(/f) to the left by amount f, so that the
ncident with the ordinate,

ney portion of the plot of G,(f) to the right by an amount f,.
The result of applying this procedure to the plot of Fig., 7.11a
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