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7-4 LINEAR FILTERING OF NOISE 1/

Thermal noise has a power specinal density which ¢ qmle umfmm up o frequencics ﬂﬁht Wk’f p
o 107 Hz Shot noise has a power spectral density which is reasonably constant up to t’mrm
which are of the order of the teciprocal of the transit tmw :ﬁf charge carniers acrons the jundti
{Fher noIse sources similarly have very wide $pcrt£mt ma;,ﬂ We shail assume, 1 d';stusvng &:
et of noise on communication systems, that sve have to contend with wiile nosse. se. White Loise
et whose power spectral density is unrform over the entire !'m}ucmv range efngf The
X owiite s used in analogy with white light, which is a supcrpnsxim of ail visible spectral
SRS CTHGS, We assume, 35 sﬁﬂmn in hg 2 ﬁ mzx mer !hi‘: entire. ﬁ@twﬁmwﬁm‘f
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s POWET uu: is mmm:d m lhe dcmodghwr ofa mmng s;m
%”ﬂlbﬁuc: s filter before The demodulator as indicated in Fig. 7.7. The bandwidih B of the filter
W made ag BarTow a, pﬂmh[c }‘w to avoid transmitting any unnecessary noise to the demodu!%
or mm‘“‘;;{;"’;;, an AM ,‘}ﬂ‘;,}, in ul-uch the baschand cxtends T0 3 frequency of 7, the bandwidth
D Twice 1he frequency deviation, -

By th i3 proportic
E23, In a wigeBsnd T Sy siei the bandwid
S ‘:‘,2-;;:; :m):nl& :hjcll’ﬂl of certain 1;;&1 of ﬂlum on lhr mzlsgm% of the filter
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Fig. 5 Adwics placed tafored demodalator to it the nose power input to the d""")duheo,
L7 it .

e RC Low-pass Filter
A RC fow-pacs filter with 2 3dB ﬁ'cqumu ! has the transfer function

By e o= (7.45)

If the input notse to this filter has a power spectral density G, (/) and the power spectral density
of the output notse 15 G, £/, then. using Fyg (7 34), we have -

. Co (N =G (fyHf)} (149)

If the norse 15 white, Gy 1f) = 0’2 for all frequencies, I_q (’ 49) becomes

~+ The noise power at the filter output N, is

x| G g ﬂ-’lj ;_7/7- osn
vy

. Changing variables 1o x = fif,, and noting that I'- du(l + ') = 5, we have

fN,,- -”-n/.;i

,{g."ﬂu Remngulu(ldul) Low-pass Filter :
A rectungular lmw filtet has the teansfer fm»cuon

Jhe outpul NOISC powet 1%

) o T
A Rectangular Bandpass Filter

A r“ranpu‘nl bandpass filter is shown in Fig
3 whute nese input, the output-noise power 1s

73, The bandwidsh of the mmu;;«-;,.
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“Fig.7.8 4 rectangular bandpass filter.

A Differentiating FilIr .
as v
diff m-mu e “nlnck)ucﬂcduoman

_.Mnumufumro!ggmm lmehuntG U)'WIM
e ﬂm.mmmmmmwtms

Scanned with CamScanner



— e

m}; m of Commursmation Syxtoms

An Integrator . y
A . 9 Lo 1
Letnoice ni2) be apphed 1o the tnput af an ntegeatar 3 T ;
. ‘?W Prtegrator outpirt ata time ¢ 7 The resnlt wdl b ol et o
SO the marcbud filrer Uhap 11 tes f ¥
A netwark st nccfocras iheoperation bl iterration has a u..l 1 \’uulvm\ | renr A detyy b
4 interat i Sepredened 3 Eattoeo® “ Henee, a petwoth Which pettonns an mtepr g,
_an interval Tnm_\ be rcr.‘tx‘ntcd by a network winse transict funcien s
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where 7is a constant. We tind, with @ - 277, that
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The noise power output of <uch 3 filter with white npet noise of power spectral density ni2 i
(using x = 777}

. N (ri o (Al \:
> Voo [T L ar =TT AT ar (7620
“«fsincY
; ;__'7.7:.] fheus J dx (7.620)

N, = T ‘ (6

B 1] is’inmuui\‘f 10 obtain Eq. {7 63) by a caleulation in the time domain. If an input nois¢ sample
lovlh.c pmm 1 nf1) and the corresponding output of the integrator is 21,(T) then

LA 764
ndT) = rJ'nn,(rm: . (

%!ﬁﬂﬁ,{(?‘)kanndqmmi_ablesinuﬁsaconsﬂm. R
! cxpca.cd \'ahg (ensemble average) of the random variable n,(T) is

“ dingly, we fuave 1 the present case, thal
Pl phre
; . j dn /(n)“-[rn(l)dl
- ’. i Q if P 3

gy the order of integration (see Prob. 7.15) yields
NS | & }
m, = .:Jﬂ ot iI ’n, Ifn‘}dn,;
wat the miegral m brackets is the mean value of n,ic
m, < oy [ nfimn,
weamiing, as hetore, that the average value of the input noise m, = 0, we sce that the averag
ofthe outpat noise a1 = 0 as well,

The narmalized noise power N, corresponding to the random variable #,(7) is cqual o1
zee of n 4 1Y (see Sec. 6.2.7). Thus, =

=%

. ’ . 2 E 1
N, = 6l = EfpnADF = E{;IE'L n,mdr-jo n,«/.).ll}

ahere 2 and A4 are dummy variables of integration. N, can be rewritten

j:]:n,umum d/}}
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fue define

a=n{) and B=n(d)

- Tqution (7.693 can be written as )
. 1 = r { -

s | __na.p:{joaj? ma} dadp

Feechanging the order of integration (sec Prob. 7.16) yields
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