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/gewtse correlatton co%iererv'f o = zegf A -6y

5}8" = EBEIXY] -mMemy =E[xXT]=¢ &\c%:/a s*
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EEW'( HOMEWORK. 4~ FLondom pmeesee& Aoy Clies
2.22 Lot zf/ve_/ansmess Z(t) be the /amaéiwf" ?CM MJ?;W @{m{xonagy /2“/(90&9&9&

X)) cndd Tet) . Qhow sthet sthe %,pedm[ aé@m-rizf feemetion for Z@&D e given

By Cm othe &  clomain)d [ Hon s Fire® Shows #hax Rz (T)= RzctyRy ()]
l BiE= ,
Sx (§)=~;T;5 —jo0 Szw) Sy Cs—wHdw

{{eccucse Z D = XLH>T(L.
Kz (t)y= E[Z®) Z(x+)]
= B Zt&3TLL) x(ﬂm?cﬁ@]
= E[ (O X*+T) - YR)T@EAT)]
= B2t =+ BT T +T)] | (260 0md Feey 3
= Rzcor- Ry
Sx(s)=ZL Rz )}

= £ $ReCt) Ry}

Joo
= - f Rx(t)Ry () 75T g
< 50s .

l

S0 51:0 ’ > =
$5e Reco)- [ [, Sxowr @Feu] £75F ot

l yoe [ 5_” Ry crye ~ 7" T g | aw
= ij S=cw) f_dm Tirae J

e il j‘)m Sx () ST(S—~W) dw

A Jpes
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X

2.23 . Tle S/xchmé‘ eémifg ]Qmoﬁm /@r She Wiumoay JPecess Xct) oS

-

chJoo)= T

F ol the ctocosrelation /QLMLW Foe Xex) .

Rac™> = O™ 3 2w}

o 3wT
. 1 Gud e o
= T3 Joo Sz )

0 | 1T s
Jt = Em f—oo (+ )z €

- E:r"[ S"Z__(:"—m cos we olw 3+ j’ m ngva@w]

S . o - \ : VR'C
=5r Re %‘RJTV ﬁo'pe_‘s CITZ_Z'—)?E

| -
e _ﬁ‘r—j_ Ilm%. 2T L % Res CH*Z‘).L E

ez't

:—i\_,?ke %ZT”: : %;7\ (Erjy | E=) §

‘ 0Q ezt
+ 55 I teriam meele =

i

J=T

iy L TeET(RA) 2B HIIE
2 QQ%Z“?}’ (z+J)4 ]Ez‘z
= SN £5 BT
1 L = §2“j‘ e (ER))—20EH)E
AT 2+ gt

== §

EEn T ows . ATETE 4307
Re % &P e E

| .. —ATCceST — 4TS ™ 4T O =
__\__Z__WSIM%ZTU —) l: -+ A e vk

= L . L omdr (st + oSy )

i 1C
4 ot e 2T T (ST eesT )
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2.25 We wish o oletermme he auboconelalion ]@m&m e revnclom s-;sz err}/D'Er/c«//o(é
/p’l‘m e Q?n?/e trme reecorol | Lot ug say we Louwse f"w( reasern, Lo Seleve
Ao Jrocess 7S %Mc M oot feast af/)v’oschna/fi%% Gauscian a—ol
]4&%4@”@»@ , hat Ahe ACF 7( she process olecays eXpomertinlly weth o 4o
constant  mo freofa/e than 10 sec. Estomate fhe recool Length neeclec( so
aclreve & /D@ree/n:f acccrrey fn she cletermination 75 e autocorreldion

]QLW&fCo7L i

FROM THE NOTES » WE HAVE
VAR L Vg (07 s <& [ Rz ool

T —— THE LENGTH OF RECORD

R m=6%€C"™  acw @=o:l
Vz (T) —— COMPUTED ACH

VAR [Vz )] § 0 ks ctrcle = %‘F—G‘L e =2t1t g

— L st_ L p-zpIm™
TG 2 e Ie
26%

T

[

Accc‘fa‘*‘vzy Ao the 0@755/1/104&}71 &/C "Yx(T) 18 18% ACCURATE' on ?’age 1<

A £ /== =Z0.05 =%
] N T@

6\«L

2
T= ——-——3 = 2000 SECLNDQ
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VAR ACCURATE 4 < \/% = ©.1953 %

EEG07  HOWEMORK #4 | Boeber Pucesses s s ”
2:2 Ln Pmé/w\ 2.26 he Qﬁy'ndwg ‘e mott Bmew Ao Le ;fru{# ,ﬁae»vxo@éinw&f-e@(\ Lot i
\_J yeasonable fo assume Hhat eﬁemtw,écy all te s?anaf orergy el [re betweess
Ol Hz . Lot us csswme o He o be sthe arémec[ boroluiroltt, , ool bt s say
we w:%, E o) ga/rvvvlbig the %ZQ’)’L&@ ot~ the /{/,gq,\xf refe .
©>  ow many Asserete @myg/es wne bl Le B’Qi-c.o\ffreo(?fo olecorsbe Hthe
ggé recere{ len Aeyf Problem 2.26 9
%é% /4(5’()7&6]'45 Sthe /(/y@mvdsf yate i wf/e peygt,g( ng JéQ
55;; A ot R L
;ng T° = =5 2x>0.| a e
g So, #he comple —peoindc = $00/ 5 = /600
bz(g /
N
8 Cb) 53 uf/?bse shat= we wr&‘}{: Ao W/&w;f@ fhe olieayete ﬁw'ier“ ;\‘me@n-m #
Hhe J@im?te —AbPme Ql;ihcb/ usﬁy sthe Jast F&wvier TM/QJr»m . Thas ?eiu/«‘:s
Ahot the vmber 7ﬁ S‘amyz/es N be an Tteger power of 2 .
e .
What ghRovlel X/ be in Hbis case ?
N = 2™ 5 (ec0
m Zeg 2. > Leg (600
m > 1&8!@@'0/@082 1]0\6437 . SO m=1i
N = >' = 2048 peint & .
Cc) THE yelus %/{/nﬂ/wﬂt b strntd worl ovt o 49;»@19& e sthoct M sev o coy
In cvoler po aclicve sthe m/qnvoowfe N f?rr Hhe FFT ov.cfva‘ﬁ;t'km » wewetdl we to botter ot
Sfo jncrease #he w(&y yate ]Qw:efve,&n?ﬂvcf Zome em»7na‘eo€ o Pechlons =26 »
or S%&w/o( we ésef “the e»wy:/rm? refe at .2 Hs wasall Pncrease HFhe firme /Of?r‘f’h_
7[' the recorel &cwroé&»y/y ? %m@é[y—zﬁe aompatectioned offort ovortol be Hhg same
3
S— JNOREASING THE TIME LENGTH TO BX2048 = (0240 SEC,
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1. Ue@@ Epucctione (442, ($.13>, (£.05), (4.6) - (+.227 cnel (423>

4.2.0 Bernowlti Precess.

PSXn=13=P , 50, P§Rn=c03=i—Pp

Epuation (4.12): Mo =E[X J= 1-P+o.G-p>=Pp @b
-

Epuation (4.13) 1 Kz (n,m)= Rz O0u, M) — Mgy Mx ()
v
kx ('Yl|, ‘nl) = E f‘x n 'Xn;]

= PP F O U= P+ -0 PP+ 0.0 (i- p¥* '
= p* FoR N, -N.E0

# Ny=Ny=0C , THOS 'h,znz
RxOu, ne)= Rz 0, M) = E[X2 J= [1xp— c.0-pP>]=p
Kxu, )= Rz, ny = P* = P>—p> =0 FOR Ti— N #+ ©

=Rzxt,m) — P> =P - P = pu-p) PR N-=0 GED

4.2.2 Binomial Cowriling Frocess
d

3

il
%XL X: 8 LBernswtls Process ™ 4.2.1

Tn

-z o
Sowation (4.5 Myon=ELTI=E[EX:] = Z P
/

= [itP+1p +v.t - PT =nep OED .

%ﬂcd’&an (.16 ¢ ET mone)y = E [ Yn Tolj

0 Mo
=ELEx; & =]

T Nz
e I 2% %I XCKXJ
ny, Nz : Ny
t§§ (11 PP =Rt P
tw’*—j

= {(nn. — Y\c)wPl.;. np

= Nena P —np2inp = Pe-po Wnim,m}-&—mnz

K‘1 (ny,ny) = Q‘f (V\(,h\)""ﬂ.ﬂtf"’ — P(\-—p) \vn‘.n%\‘\\,hlg

4.2.3, Ronclom~ alk Procecs

g + | FOR  #UceEss o nath anal

- FOR  ERAURE W wokh dvied
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SHEETS 5 SQUARE
EETS 5 SQUARE
SHEETS 5 SQUARE

381 50 SH
100 SH
200 SH

42.38
42.382
42-389

A
e

naTionAL

e n
%Wl’ucn (4.22) 3 Mwn)= EEW“‘J :EQ—% ’ZLT

= 51_ cp+ L~n~u~P)')=g§ (2P =1 =nwp-» GED,
=0 R p=%
Epvntion (4.23) ¢ Kw ©N2) = E [Wn, Wae J — Mwtnymng)
v

ng  N.

E EeEionme zp—1)

= [h-~Y\’-" W"‘Zn.ma}] * (veaep?— b i pai- Py —RiApCi—P )+ e U 1]

m?\%’m,nz}- (op®— 2p +1) Ny -—mn;(zp-q)L

= [nme —wian §nomd 1] P2 ZP+2p2a 1—2p +92] — nina (2p -0

=4P(\~P)'Mn§n,,nz} GED |
Rw(num) = min gnz,“lz FOR p='{'

2. lf’erfﬂ appmecns (4.38) Ao (4.41) . G,mf,m Ahis yegedt- wisthe (4.28) ovval (4.2Z6) .

HMint : Te chtan (4 39) , wse sthe Fdféznft"i"y’ P s b = <L coe Ca— b — oL escatb)

4.2%, 4»«;;;&;&@6@ — Medibitecl Sine Were ,

ZAAI)= YA S (wo:b+§) 5 asswne [A) omd & one Mig{aeww

Spectteon (438) : Mz =E[Z)y ] =F TTG) S™ (ot + ‘9:\3 Froleppentent
v

=E@] - Elst(wex+3)] = My 00 Ef @it + 3 )7 €

50 ption (4:.39) 2 Rzt = Ry (1, 42 ) [3 eeslive (- 2] *ﬁ%bsfw@d&tzwziﬁ]
R, 42 )= E [t 0B ] —Mztto~Mztery—

=E [Y(;h Y& ewoky +T) Y@ (WotatT ) | wmr&dﬂr(*r)’&f@ww

=ElY)Y&)]-E [+ eos ot — e ) =% @08 [we (e, )+ 23 [

= R\f’(ti} Az) - ['{‘ ees tWo( Xs—ﬂ.‘?)j""—zing Q’SSEW()(*F(’XL)'{;?EI‘?I

. . T
Speation (4.40) 3 Mz ) =Mta) Efentuet £ g)F = My §_ 8 tuetemy 5t A3
[

Coceation (4.41 ) Pz(m,n):%hy(m,m)msrwommxoj
v

3 T
Rz Gt d2) =Ry () [ L tos (wo (ki) = 5 §. o esslve cr by t2w T s A T

=N
= Ry Gk, A 3 OSWe Ch— £2)),  ©FED,

V

Tasvle

]\4
i
0
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o Z/e/r/f:# %WM‘WS (4:31) ool 4.35) . Th : [ as /’ ceg abeve  the

(X, %2) ,pé'a—me] L‘?C #ﬁ&/fgcneféc—n& kx(ih;zt‘z) i 4.31) , ool Ky tti—A2) n (4.25).

Pescvibie rhe pecths , rn sAhe (X, A3) Ifafa/ne, adong whiech Kz ¢ ,P@n‘w&c oel Ky Pg

(74

eonstent, it To ohtain (4.35), use she /mobetily

22 yE BT , o Tl
5*’""“72 Ferde = [ fcorote , whik hetds for amy mxegrable fo

‘K“*u
n==co

4.2.€. Somplecl— puncl— Helol Abise Process

Xtt)y= gm VinT) fick—nT)

L X0 _
JAN A A Y A Akl ] "
A R i

=E[ .;%ooo vVenT M tti—nT) - g@ VGT )ﬂ“(’hjﬂ“)]

"

Mo =g

- E B VAt -nT)I VET) Aite -]

v yE~uo

[}

Mg

~

- o

., E[VOmVGET )] - hti-nT) Rk -3T)

S
1]
ey,
h

==_ 6 Rtt-nT) hike-mT)

v Kz Ghot2)
6v

2T

a4
e e

esll]
+ 5 3 $@<:er

%u&ﬁm (2.3 Y<x>=§_MVLnT+@)»&(r-nT~®); Te “"‘;0 o —

/) //LaS’G - pcvrw&wztzeof wz«a(’_Nw ){aécf R’G@gg

O /f’@j P€ 77 n GrordemeR . g oo st e L.

-
o
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4. /43 « ;?wwméi‘aticbn 3;& dAhe  veswlt pn exercige 2 W/fffg Fhat fhe awtboeorvelalicn

/744@%‘ /f%:r Ahe pr@céaae‘ G/F Ao W%M Jrocecses .. TAHY=XEE)H) XA, 1

she /)m&’aw:& ef Sheir  crotocervelationse , Ry = Rxf?z,

=Y i < S =1

Ry (2,2 =B ITROY@)T =BEIXG) R ~ Xike) R ]

= ErXttoxeey]- BEI=u) zea0 ]

= Rxtt,%2) - Rz Go.X2) | QED,

Y(t)= X(h)eos(wet ) — Z(k) & (wet)

where X (4> cnol Z () owe ‘zers—mean hoézpema@wf’ processes  wWoth Fckertioed

cevte conrelet con /M@w, Rz =Rz . Sotormme Ry (i, 4v), ok 24ow bt

V4

Re(ti,4.) = R (i—Az) , shen Ry Cht2)=Retti—d),

oLz Ry, 1) = ELY@x) Y I=E[ ixw)ecv&cworh)~zcx.)8\>ntwetv)§~§X(ti)ee%cww
— Z(ty)sonfwora)] |

=F [ X)X (k) ees ot e s — KU OZ(2 )oosvick St tooly

— Z0k1) X2 ) Sotovty Cos wokn + Z{4)Zit) €0 it St |
= Rzlki,£2) coswediemwot, + Rz (X, X))ok 2o bn
= Rzt ,4) Y estisety eoguo X + SW@K.SM%ks]

= Rz (ti,%:) et [wo i 2]

TF Rx(hi,t)=Rz{&i—%X2) , THEN.

Ry (6 22) = Re(ti— &2) eos (we(h—A0)) =Ry(ti—4,) _QEQ .

~
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Exercise Qﬂzf,/“u & Ronclem  Process foor Clew
£. Let X(4) and Z(#) be independent processes . Hetermine the autocorrelation
functions (i terms ef My, mz, Rx, Rz ) of

Vi) = X (B + 2B and Yol =X(D-Z(D
Then Adetermme the civss-correfation z&ma‘m ‘“Z( Y, (P and Yol 4. F;;mééy P
gwsder Zte 6%76&42?1 case. %ﬂv whaeh Rx =Rz aﬁé My = Mz 5 and 44‘W7;»%

the fmceiéaj; res«lts . Hint - Use the reswis of exercse 4

SoL: pﬁ(fcs,kz) =E[v@an-me] = ( Xty + Z6) )- (X0tD +2(;m)j
=E [ B0 Rt + REOZM®=) +ZHE O Xit2) + 2007 0) ]
= Rx(te, )+ Rz (2,4 )+ E[XOLE[Z)] + ETZ( G1-E[x(#2]]
= Rxtto, 1)+ Rz (kuEa) o+ Mg (o Mg k) + Mz k) Mg ik )
Ry (kutey = Rx (ki) + Rz (h, k=) — Mx o Mz Cle) = Mz 680 Mz (t2)

Ryiv: (61, 2) =E [ 0 -Tat) T =E [§ Xro+ 2253 § X(ta) -2 (5

= E [ T®ROX(k) — X0 2y + Z10R0) —'Z 0t 2042 ]
= Rx (%, Ry = P X o) Mgt)-Mz e ) Mt Mx Ut
FOR THE SPEQiAL CASE , Rx =Rz .ol Mx =Mz , vhen
Ryt t2) = 2Rx b L,X2) + 2 Mg (b Mz (X2)
Ry. ko, 22) =2 Rxeti, 22) = 2 Mk Mz (4:)

R‘GYI (#,x2) = O

7- o@w&r@nwe, the actocerrelation ﬁmaﬁm ;W the [rocess

Yitr =X c4) -~ X (£-T),
Zéﬂ/ dé Case V:" Wﬁl\f/é

/Q.x (fl;,tz) = /Q_‘Z_ (f,"fz).

Ry (# 22)= ELY@O Yot =E [t -F o -T)F - § X (2> ~X k- THE Y
=K EX LED)XE) — XK -T )= X X-T)X (X)) + XA =TIR(—T )]

= Rg (Gt %) — Rx (£1— ot T) —RX (1 —4o—7) + Rx (ki ~42)

Ry tr) = 2Rxlv)— Rx (v+T)=Rzx (x-T),
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| Svewcizes C)/'w;ﬂ‘»fif? 5 | Renslom Prr:cegses

1. (@ /?};;oéf' Ahe resudix (5-58) e Shew W/&v & zere—mean (CRrwssiogn ,n-ccggg X))

E §X(~tg )X(tl“)xct@xm)} = Kx (X, 1) Kz (T, te) + Kelt,ts) Ke(tate) + Ke s ts) K, 1)

SCLUTIONY For the eiven—creler /,m*nr premment® ef a set #jmn{“/éé Ceecissien mero— e

veviables Fermula (B.58) ?CWLS
Eix ., X 3=Z Efz; X1 - EiX; X 3

SC.

F § X)X =) Xity) X (ta )3 =E (1) Xt} + FE X0t Xty)3+ F{Xt) %

+ EfX (Xt} +Ef 2tz + ES X)X

re

(td) E

Aq)

= [ §Xtt )X E§ Kk) Klita )} + E R0 R06)) B0t X6

+ E§ Ry )3 ETRG) R b4 )

= Kz 7, £ Kalhs ta)t e, t)Ke (e, b )+ Cr ot k) Kz Utk

) Devive the yeswlt (5.57> %f' gﬁéwyﬁﬂf weth the w&mﬂ‘x}p CEJ:T7)
FROM -TRE EQUATION CES'{), AND IET Ki=Ka=K,=ke=1 , ¥ =4

},Tm (kv , Kok, Ke )= E§Xi21XsX¢§_

D E oy W, bige)
DWW, dWz , WD q

3ES e:(w.xm—wlek WsXytWaXg 33

TEWN R w2 T 0K  +aKg )

e =+ (WX +WeR+tWiX3+WaXs)

+ R o e s K+ W)+ - -

5 EL(W VRGO R+ 5Kyt g Xy )

DU, DWW 2 JW B WezwWos=tdy =id g = O

1

Wy =ty = W= ¢ =0

A, dDwW L dW3y B"\N'q, k l WisWe =W = O




|
i vt

ETS 5 SQUARE
ETS 5 SQUARE
ETS 5 SQUARE

42.381 50 SHE
42.382 100 SHE
42-389 200 SHE

&
oy
wvarranac

R . To ilustyate #hat the result ‘/ exercige 4 e/(gy‘»twe 4 s nvaded :/-‘ sthe frrocey
XtA) and Z () ove aé’ejm(e/wf, let Zi£) =X(t) fe & Grawssion frocess, g

aﬁ;iy (559 Ao oletsrmine Ry )/QT Yt )=X(t)Z 0t ) = X35t ),

Y(x)= X=(%)
Ry o ta) = EF Yto Yit) 1= E§ X2 (00 X3
= E§ X0 XROR %) K §
= Rx (&, )Rz (t2,t) 4+ Rty , b)) “Rxld,ta)+ Rz (t,t2) Rx (e, Tv)
F Rz [k, %) Rx tth, o)
B, ) '1/"'.%13:8 precesses on Section 4280 el F4.2.6. cve Gawscian , thern Aheor

/WM@ — yenclomirecl eersions in Seeotiens 42 convol 4*2~7 arnet he

Y= Agortwot +®)

=4 ( gr~wet cog € + g B ek wek )
“‘-—"/4 Spem el - cES 6 "F-F—/]ae&:wcwct-%’") eme S0 @

= X (4> cos 8 — Kt —3055 ) 36

b

=




