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ECE 600, Final Exam Name:

Problems 1-10 are multiple choice problems worth 5 points each. For each problem, write
the lettercorresponding to the best answer next to the problem number. Space is provided
to work out your solution for each of these problems. Please show your work! If your final
grade is near a borderline, the quality of your written solutions could significantly impact

your final grade.
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2. Answer:
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10. Answer:
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ECE 600, Final Exam Name:

11. Problems 11 is made up of 8 True/False questions, worth 2 points each. Fill in your
answers T (true) or F (false) below, corresponding to the statements A—H in problem
11 on the exam.
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ECE 600, Final Exam Name:

Problems 12 and 13 are “work out” problems for which partial credit will be awarded
for correctly reasoned work. It is important that you coherently present your thinking in
the solution of these problems if you wish to receive partial credit (or full credit for that
matter.) Please work problems 12 and 13 of the exam in the designated space below.

12. Problem 12 Solution:
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(Problem 12 Solution Continued)
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13. Problem 13 Solution:
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(Problem 13 Solution Continued)

— 17 -




Stochagtre Processe s
Seenant = L i otee

.7718 ;c/eoc A &

231

S‘/OCAQS‘}'/&_

Frocess 1% e s+rai7tn'/‘fom/a/q/

,e)r7L—euS/c‘9n oL The
random Veriable.

Eofeq o { =

0M7L<'om~€ wél

+o a nuw ber Xfa))J we wtaP 17T o a

‘J(Mmc_""IOV\ f ‘7‘1M€

X (£ w)



Stochaste Piocesses 2B

)

De'fn . A rauc‘owu process c‘efmu/ on
a ran dow ekrer'cmea'l' (2'3',1’)

is & family FTX(E);te3
of |t X dJom variables defined
On (..2, 3-, P) ‘nd onc’-‘kiJ

b~/ w
Recall : A RV X : .8 >R For = r.‘,.-h'eul.r

outeeme w,e s J'us-f' a real puwber
X (W),

A reandom process X(-t.,ug) 15 o Junchronm
of 4wa vatubles: time and +he outrone
we .




Q.uc,om process 2<%.3.
¥ (¢, w) : Rx3 — R
T ‘L ow‘c.ut.{ oF

Vdues .
~¢~'cnm ont

3_"""’ &as WwWe e'fvl-en wite +he I‘mu/on
Varicble ¥itw) as X ((hidig explicd
w 6

Sop rudence
ry

So weée Ol*f” W":‘,e +‘. rq“Jam P'OC“:

aa ain hidiie +4
x ,"', ll)) as X ,*) . ( .gzrh'c;‘f Jor-?uc‘l“(: 0“)
w e L :

The beold face nodatron ¥ of N It) sells
us “Jhoe 1s an o'w,’c'ch‘ JO’Ochk(e on Wwel.



.I; we J;)( & f.,'f‘lc«c/cu' W, &&

—then we have
X (; , W) TR =M
t

XH,

For each u_ue-&, X(o,w\ Ls

a different FSuncfien of time .

224



o

)efﬂ :* Fot a fl.thI outcom e woej_’ 2%.5

’%’

she +ime Sunction ¥ ()= X, w,)
ts culled ke .SQu.Lo!e. ﬁ..#\ of

“the rautloa- Procoss X (#) (un,fu«(v
“+o w, Each wed has a

5am‘)(-¢ P.‘f‘i X)) = X(,w),
The set oF a” Samlplo fqv“s

Z = {x(-): X(-)=Xl-.w),-ﬁu wéed
1S Ca led The -eu.s'omb,e ol
+he R.P. Xl(4).

Ncuc.u> es"«b,;flecl ‘1&030 0J04$, wWe Can )w't
+the Sollow e e7m'v. lewf a/cﬁu..-f(o'u of <
readow. ‘oroco E Lo




(2) . |
De‘rﬂ . C‘uSCJ‘U‘ Q Tanclam 2.<.b
——e——

ekPec'cmm‘l' (2 ? P). A

{unc‘{‘lon x é—)z whu't a

(€ e« get o f ;unc')‘laus o £
+wme ( s.m,/o qu‘%s) s called

aQ Famclom ﬁfoc-cs's That rs
X l.S ee maFrcu7 Gcss:]mdg

& -fuuc'l'um of -che X( ,u/)
+o Cach wERX.



29T

A' P.lc'ful! ﬂff€¢l$ «S '[;,/0(03.'
Xilg,w,)

AZA~AvAS

X, w,)



28.%

EXQWE‘Q: Po” a* Jdie :
‘8 = ch,wuws,wq,'ds,w&3
J 2 2 - S 6

We knew how 4o counstruct

( 2,F,P).
NO\J c°n3+lv.¢." N e Jow rlb(‘f‘ X/") LT}

x ('b.ul.,\ = Co$ (Zwk-&-) Jke= 1,2,...6,

nawdivle oufeom®
On Jie

So we Wnow “lade & Iauc/éu ffb(e.rf'
X t) —hat (s a cesive Lunctronw
w‘tos.' 7(;07u4n:7 ts selected a#
fauclom .



(*ekawr“’ coudimued )
(¢, wh) = ‘
)\( t, we) = Cos(znk-e) =




Note that once e krew —the 2%.10
Pat+icwl¢¢r wy, € £ vhat /5 qbe osuteour

0# -O-Ll -ekr.enudu'/', +heie s ﬂn‘&uj
fauclow. abou* ‘/'ICO fauJou- F'OC-@&; .

?au.f!omuoss 0«17 lu‘l(I: m"o '*‘t(
rauJOM PfOCOG‘ ‘f‘lou;" 'f"%

Selecticw of w €8 1n he randow
&Pec}m out .

Note : A raudow process s c-m,/-o‘h/y
aua,c7ous +o . & R'an(lcu\ vatwble:

?auJovn V&ll&‘lt x: .—2 —’R (t«.l Iu:(\
Keaadow Piocess X(t)'ﬁ—ba (-f’:gt-h:f; °;>

? 1@



2% 11 )

Examele-' X i f/a)o e ceomm theee
-f"g‘meS {once i S?CanJ)
ancl Cou$+ru¢+ & IQuJou-.
precess b)’ ma/eu€7 e
waveform Fauke on the
Value c’urc&) Fhat Secoud
folle,sf)ou.c‘ e F+o the sutcowr

of The ¢Coin c’un.u) +hat
Sefoutl’

T — +1

I Caun Caus.u/f/‘-lﬂc.'s ~“o be e (uuémée/
~¢’fP~?ru~t 'W"L WO‘,L\ 2-3 =&" fbsfcé/e ou"(ﬂ“’.‘-‘



29812




Nete: Tf we wavaluate a randows process 2.3
at +ime t,, we 78* o« randowm
Vatia ble x "é;)"
Xk, w) : X En,w,)

" H'-.,w‘] ’

<+
\ 2 tn
:E; we SMPIQ “the randm P{OCeSS’ XI’H aft n Po;n":r - ‘leﬁ-)we
7(* 1 :"'JLS" R\/S Xfé‘) ) x[‘ﬁz) Yy st ) X‘éﬂ) e



'Defn: Fix n twme l;nsﬁm"‘s 2.

2y, tn . Thea +he n-th ordec
cdf of XK) at Fimes ¢,,ta,.,tn
\s <—he jow\"’ cd¥f of ke nJ-Jl..H‘
RVs X(¢,), XI¢t2),..., %X &n):

Rltngx = P(IX1e)ex 300 X (e € xa3)

=\\ FX'H‘(X,,...,XQ "1, D tﬂ)

and ke (M‘M‘sfoudina n-th osder '2"" of X(t) &
(¥, = D“ F 1 Xn )
:me xu..)\ xl-n X 1n )

of
=\\ f"‘)lx,,...,x'g; t.,oco'tu)



-ThCOI‘CM-' The FNLQ‘OI/!S?‘I‘(_ behavior %15

of a awndom rucoss‘ X )
s Cou..flcv‘c/c chatacteriz ed

b‘/ the collection of all n-1h
cider cdfs or fdff,'fo‘l‘ all

t',tz,.n,'tﬂ, an" Q/I
n=1,2,3%, ... (!l neIN.)

Pioof : ((,/,.0.7“,\,) M,/ [,e},o.“l +his Course
-BK4 We caw use -the fact




S+ﬂ+;onﬂl‘\ R‘“ (JOW P'OCGSS-OS 2%<. 16

= 5"'«+¢onel‘7 "2 5*7'“7 ey s
F/«ce "f‘hv hou

“T~1n @ .

WL"' F ke n-"‘ oicler c/¢'s+/:6w’-/oz..;
dou',f (laajc wth o sheft 1n tho

-t e @ Olcylu ?

2 PloLclﬁlc'ﬂ‘fc bc‘.aw;r s rhe
Secam P )Ies'/fl qu / +o d&y

ceuwe! Fomorrow. .
s P‘O‘QQ.I;S'II.C c'OSC'r;fh'o'\ " 341\73 th_ one rla“ "-I"Iou"ou/ Pk @,



Defn: A randon 'orocesr W It) o caulle! 723 \F
h—"‘k ocder 5*.‘0‘00&«‘:1 '.f all n—‘H\ ofcder

CJ-Fs of Fdfs aile mvancm"f' e -Hmo
S‘H".“'S m Jhe ol:vt.b\ :

; C)(, 1---,Yn) = ; (Y.,..-,Xn)
X(e,)..- X (£4) X(t'-l-c) voo X (Epte)
For all CE€R aud Sor any 1
twe instants £,,...,%n.

De;'ﬂ A ramJom Frocess X/‘L‘) ;s t‘a//-eJ
E;"_“_t"""__“—'-'/— y of strict Senge s'-»‘e.-honmﬁ

(ssS), «Ff Xlt) /s n-th order
Stationary for all Nn=/,2,73, cc0n



NO-[—e: IDC X[t) 1‘5‘ 5+a+IOWar'\ R 223.1¥
vt 1s FiesT-order (n=1) 5-7&‘,-/-,‘0“0”_7'

—> J (%) :{9{ () Ve e &

X l€,) £ tc)
- (X) —Al‘ owul ‘bZGR
W (t,) /
— {c’(’) (V!O'[_ o :punc'r[ww of
fime )

S Bl x] = fx 7[9(('(:5.\ ol Not o
ﬂv\c'f'r;)v\

fx QC(‘\—)J( = Cous"'em'[' of

' Tirme .

Suﬂu ’ﬂfly -
var (X)) = E[x ] - (E[)\(CL\])

(Mo'f’ a -;My\c‘*'lO'\)

O‘F “+r0c €

= G_ = (‘o&s"'au



M: non - 34‘4'.0“5'/ rauJou r'otpss. 2%, 19

-/At

Let X&) = e 1 )

[o,ce)

where /A s a un;—fdlﬂlf distvibuter
RV em [o,n.

)}((f\ l.$ PA fa«.c/om f:l‘oceS'S.

At -+ =<, y we have Fhat )\(['fo)
s o« RV:
?\(({-'): élAt'.i (-6,):7(/»4,'&,)

Lojee)
= 3‘t. (/A\ .



So 2<% .20

ELxle)] = BT 9, ()]

!
""j? (A') 1da = fé' ' da tI18)
o © Fae
-a’t -t
= [o(t) e , = 1 -e . g (+)
) -t lazo t Leye0)




22 .21

Becawse E[X(f)] s a {uu‘:ﬂcq
of £, 4 follows dhat £ (X
WU“-%" QISO be e 'fumc. (on ot *+

( \Iou ™ -f..‘,gl .J;‘“'(’(‘ as an €¥0f6¢§0)

—_7&_ x(.e) {_5 ua'I-AﬁfS"' o/c/ol‘ S?‘a*/ﬂm/y
= Yl s _f°_"' s4q7‘10‘udff./~



In -fhe. s’oec}a{ case of zm:l orc,er‘ 2% 22
(n=2) 5‘+a“h'anqr7 processes | we have
%) = f oy Ve E K,
Rt )X (€,) wittc) Xlttc)

'Tlus means "I'Lq‘lc ‘7‘146. SEConJ-arc!er FJ:F'

A\ ‘)
7C (X,%z2 ) = (%,,X2:-t, T
)l(l‘t.);}(ltZ) JC)K 1)o&2 ) &y, z.)

Cea=- Jerewc[ on "'t; “"“’-‘](tz- OWL/ "’t\"EN?I't
—he +ae  dFfFerence 1, -t, .

Iu\ s‘&clf\ Cxs5eg "-flme Co:l‘Q/cﬂL?O'tS
‘72‘(\4)26&« X[.ﬁ(‘) aud klf?) Cau J-ef?uc/
On 17 on —the —+we Jddfeeuce + -t .



T1hes Mo"‘;du',¢f —the fo//aw: 22.23
weaker forw of slatiodar 7 .

DQ‘FV)-' A’ r‘av\.o'om FraCOSS‘ x/'t)

l's Ca //.ec[ wi de - Sense S'/'a‘/'c'onwz
(wss) if

() E[XIt]] =X = constaut
cud

() E[xlt) - ¥/)] = R (4,-¢,)
. —

:.C.) ot d',)(a.c': on ..t. .“Jtz
Ov\'t( ‘1‘\(0\:7‘\ +he Hiwme Jdermer
+, -ta,




Nafe :
I I1Ff a rav\elowu Frocess )\(F&) is firsF 13.24

and Seconcl orc[er (n=1,2 sta ,(;,mri, ;

and ' E[XIt)] and E[X()X )]

~e>(;s+)"°"'e"‘ Xt) s wide-sense
5+a'7Lanar\/. The cowverse (s not —+rue.

2, IFf a R.P. XM)is staforary ( $.55),
"+ (s alseo wide - sense $”'¢+'°?"'7(W'S's')

& E[X)] and E[X(E)X ) edrst,

3 If i) s 2 w.s.S R.P ,
E[Xte)X e Y] , Cov (X/t),)i([t.ﬂ),

ond —he correletion coeFficiend r
: X(lt)&(b:;,)
will cl'erencl OM'\/ own "f'lle +i1nc €

Cilj’:}rfff’ﬂce L[’tl. Y



R. P 29¢.25

Ex ple :
Py {.e : (ou.su‘.ll‘ -,

Xlkt) = cos (wt + ®)

wlv.etc @ 's
a V. :
on EO,Z‘IT): uurﬁ#‘/ Gupsheilvuditg
i

f@(o):[;r ) 056 <2m
0 ,&lsehoe ! W, = Conshad?
(f&Ju;h {”’7““"7‘

1s ot

Xlt) W.s.§ 7 Leth A.cénmwm
-+ v
Wo eleacmwj (ouclq."‘/ous



(i) EE)}([,,;\] = EE(OS(Wa'L"f @)J 2,26

= [— Cos[wo’b) coe( ®) —grulwst) Stw(@\ 3

"1

V)

= [ Cos@iE)cos® ~ swetd s (0)) §(9) <O

- o0 2T (@)
o2
— co5 U)o'b f c Q}@ - St wo/‘f%@
—Tr
2T 5

(5]
-~ 0O .\‘ 6[%(—{;33 =0 = (‘ovs‘&u’w’"’, @/

af:e - ) 1 ©
ﬂ‘oﬁ— Fuen Lasel = J’Mt+a) de
E[M{)JZEE“’SQ”“H@ 37 5

\—/—Y——\_/
m jx(-v?uu( over
= =<t one [pQItOQ[ /S C.

£
IS

wo-t: + 27




coc A cos B = é ECDS (A-!—B)"'CDS(A"B)] 2817

E E[\XH—,,\XH:_L\]
= E[ co.s(vdotl+ ®) - cos (uoo-l:2+®31

— [ —é——- ( cos ( W, ('t,*tz) +2 @)l 4+ cosS (lﬂo (t,’iz)) U

1% -
= 4 E s (wlep6s 20)] o2 £ cos [mater]

cos(wo [t,-—t?_)) -

—
L

L
2




Vo G) E[XHEY] = o = covnstadl, 29 .1%

cos w, (£, -Lz).

Gi) E] Xtes X)) =

1
2

XIt) 1« a W.S.S., R.P.



