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TIE PROGRAM Summer Quarter 1984

EE 505 - Introduction to Probability and Random Processes
4 credits

Professor Robert Marks 12:00 - 1:00 M, Th
12:00 - 2:10 T

List of students in the Televised Instruction in Engineering Program who are
enrolled in this course, their telephone number, and their company affiliation.

1. Baruah, Arati Bora ........cccveiinien.n.. Boeing Computer...... 0: 656-5741
H: 271-1773
2. Brown, Marc Gerard .....coivrriiunnnnn. Hewlett-Packard ..... 0: 335-2028
H: 568-1683
3. Chastain, Paul Gene ......cccoveineon... John Fluke .......... 0: 356-5281
H: 347-4926
4. Corulli, Charles ... iienniinennnn. Fairchild ........... 0: 841-6022
H: 858-7075
5. Ellersick, Steven Donald ............... Boeing Military ..... 0: 394-4268
H: 324-912%
6. Fitzsimmons, Dan Kenneth ............... Boeing Aerospace .... 0: 251-0238
, H: 838-7185

7. Lavering, Laura Jean ........ceeeeeenn.. Boeing Computer ..... 0:

H:
& —totar—im Nomded o mES] Prget—Porer—r—TTT TEsr=UAt
Ho—-888~44-4+
9. Nguyen, Le Huu ... . iioiiiiiiian . Boeing Aerospace .... 0: 655-1697
' H: 824-9480
10. Simon, Daniel John ....ieevenienaonan... Boeing Aerospace .... 0: 773-8033
H: 392-8156
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EE 505
Midterm

INSTRUCTIONS:

Monday, July 15, 1996; 2:20 PM to 4:20 PM.

Write your name on the upper right hand side of this sheet.

Do all of your work in this test booklet.

This test is closed book and closed note.

You are allowed a single legal sized sheet of notes and calculator.
Each problem is worth 20 points.

TIE. students must identify the exam proctor and have the proctor
initial the examination.

1. Specify whether the following pairs of events are (a) independent, (b)
mututally exclusive or (c) neither’.

e A balanced budget amendment bill passes congress by August 15. A

balanced budget ar?endment does not, pass congress by August 15.
mvutoval execlusive

e The sum on two dlce is seven. There are six dots on the first die. ’—5’1' n J .
Prlsom 7,¢]= “"Z‘ = PRopCT oF Two PROBABILITIES

e You have an ace in your poker hand. Your opponent has an ace in their
poker hand. N @ thenr

e You win the Washmg‘con state lottery. Your mother wins the New York
lottery. Ind.

e You receive one call before noon. You receive two calls all day. n eH:A er

1Four points for a correct answer, zero for no answer and -2 for an incorrect answer.
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2. Ken Griffey Jr. has a batting average of 0.300. Assume this means,
each time he bats, his probability of getfing a hit is 0.300. Estimate the
probability that he gets 300 or more hits in his next 1000 at bats.”

- n= 10600
P 300 , 10006 A

p[k=300] = z (2) P*q’

npq-= ,300% [000% 0.70 = 210

p"[.kzzooj o' - nNnp
=P-[k<3007) = (5 SV;O—F-EY—I"

Gle) = =
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3. In Lake Wobegon, there are 10,000 catfish, 20,000 perch and 30,000
dogfish. The dogfish are very hungry and are twice as likely to be caught.
Bobby Jack went fishing and caught four fish. The probability that three
were dogfish and one was a perch were caught can be written as

21’
3@
What are the integers P and Q7
caTrish(t)  pERcH(z) O ocrisH(2)
/0" _
F': 10 k +20k +2%30

| -
P:":E]L' ,pz:‘?:{— Ps:?‘l%
. k':O kzr-i _ I<3:‘-3

Generad lize

n! ke | ke
plk o ks ] gTiTiGt P I
oy - 1
‘P" [Oz I, 3] ol I"’ 301 (‘?’ ) (7??:_)
2 2> Z‘

(—é—;:a..zgs
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4. Bill eats only Big Macs and sausage pizzas. Bic Macs give him heartburn
10% of the time. The pizza’s give him heartburn 20% of the time. He

eats twice as many pizzas as Big Macs. Bill has heartburn. What is the
probability it was caused by a Big Mac?

F"[Hj P[H/gMjP[BM__]-t-P[H/F;az:] P[frﬁ ]

5'__1__

10 3 /o 3

o L8
P.[8m/H]= -p*m/;f[ﬂ’]

V(> 3 2 —J—;O,ZO

asne
—
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5. A Poisson random variable with parameter A = 2 occurances per hour
is observed for a half hour. The probability that the number of occurances
exceeds or is equal to two given that the total number of occurances exceeds
or equals one can be written as

1—ae
| 1—bet
Identlfy the nu 1, b, ¢ and d.

AT= 2+ == p[x22 snd T21]
p Peob[ X 2 >o|x24]= T A [xz1]

pLx22]

P[xz1]
4 [[p,ob(g o)+ Prob (X =11}

i - Frab(X_ Oy |
PF[X-____}:J__ C/\T) e T= _L.__e ‘: k!
Thus o
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6. Washington state apples are modeled with a Gaussian pdf. If X is the
diameter, i

XN]\/}Q=3,O'=2)

Apples below two inches in diameter and above four inches av: discarded.

What s the probability that an apple passing this fest is three 1ches or less B‘F

 in diameter? o » s
P-Pl[xe3]| 24x44] ,C‘%

Pr[X:ﬁzj 24 X£4] *1.6

Prl2¢X44] x \

L2 x23] R '

Pl2¢X£Y]] 27 e

Recall: 1- G- (72 )

P.[x, £ XX ) X~ M
Thus

p %((3-3?9*%(’%3%)

14

© g (432) - e (253)

o (L) -
%O)D Course!

N ;(’*) N

2 3 4
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7. Matlab’s error function is

f e~ dt

erfML(:z:) = %/t:o

Papoulis’ definition is

' 1 yooo:?
erf(y) = ELO e dz

We wish to find erf(2) using Matlab. How do you do it?

er’(‘(y):ﬁfy e-z/z'JZ
_ 2/ =>dz= 2 dt
t /V_‘ = Y/V"'I Thus

erd(y): r—‘lfY/F - (vz' dt)

= fﬁr_’_ OX/F e/—tcl't |
v"’l _ <

& )T e ]

rerd, (V)

Thus: 2
erf(2)* é‘”’%MLT{' = %L(E—,

{
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/ / / ; — \\\ .
EE 505 Lo A7
) (AT OV / |
Midterm / 7| LAY IS )
Monday, July 25, 1997 - “’j //‘
2:20 pm to 4:30 S~ T

e e

INSTRUCTIONS:

Do all of your work in this test booklet.
This test is closed book and closed note.

You are allowed a single legal sized sheet of notes and calculator.
Each problem is worth 20 points.

The Error Function Table is on Page 8 of this booklet.

1. Specify whether the following pairs of events are (a) independent, (b) mutually exclusive
or (c) neither’.
L

o A health care bill passes congress by August 15. A health care bill does not pass
congress by August 15. /@%>

e The sum on two dice is seven. There are six dots on the first die. @

¢ You have an ace in your poker hand. Your opponent has an ace in their poker hand,~¢ C )

¢ You win the Washington state lottery. Your mother wins the New York lottery. , ( Q)

e You receive one call before noon. You receive two calls all day. @

. Lexr A =17 ksl fa‘ﬂ“efq, 8 =1 bill does not f!.a{r?;
‘TLey\ ‘/ ™

B = A~ S Mokl excusiue
PL Sumis 711 = )6—- — F[/Afj
PL €& onlisf diea :Jg’ _ LA
PLSur 1 4= 6 ow (of died = pLC6,10T =56 =rLABS
= ftﬁl\ftgj <o 'fhclﬁf’é‘to{&l{#’j /%‘ :
3. pral= ¥, pIBl = %2 pLABT = PLAIBD PLE]
= 3 % # erAleRI & opragl o o S
“““““ 4. PEABI =rLAJPLE] = ()
S prAg) #predelsd , pABI XS L cc)

! Four points for a correct answer, zero for no answer and -2 for an incorrect answer.

' 1
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2. Ken Griffey Jr. has a batting average of 0.300. Assume this means, each time he bats,
his probability of gettinig a hit is 0.300. Estimate the probability that he gets 850 or more
hits in his next 1000 at bats.

= - - — O
P= 0.3 2 0-] ~n=yjooo  hp= IO

F[dl@.@' pose_ Ta 10007] = p [ LSO <2 /002]

/000

‘= J{;o (/() 03 o- 1

) - 6 g

G 200 53P )
(4. 5 / B ®< { K

G(cgc?’a/ ‘@(374)

N D
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3. In Lake Wobegon, there are 10,000 catfish, 20,600 perch and 30,000 dogfish. The dogfish

are very hungry and are twice as likely to be caught. Bobby Jack went fishing and caught
. four fish. What is the probability that three were dogfish and one was a perch?

Lot

A= Coatele Déj%is&%

B = ] bl puel ¢

C = 5 Catel OJ‘#J’A ?1

Tle. | £
Y opTAd = C

70):53 - 2
}OZCJ -/

.
_ “,

SN (
Pq. (2/{) = 5;7—(* (7) (_%)
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4. Bill eats only Big Macs and sausage pizzas. Bic Macs give him heartburn 10% of the
time. The pizza’s give him heartburn 20% of the time. He eats twice as many pizzas as Big
Macs. Bill has heartburn. What is the probability it was caused by a Big Mac?

HE = HeartPuin,

BigHac =BM, proga =PI
P(HB)

—

pCHB, BH) + pCHR, PT)

= PCHBIBH ) p o
e ey + pcso g
P X Tt ey =

———t

3
_ o. 5

bCgm g ) = FCHEGH)
PCHB)
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5. A Poisson random variable with parameter A = 2 occurrences per hour is observed for a

half hour. What is the probability that the number of occurrences exceeds two given that
the total number of occurrences exceeds one? '

Let A- } # oF occurrencas Pe eﬁ

B:? < '7]}(
cleavlj 2 Z A [1; E/‘V%
PIAT = pLk 22
= | = plbixsea]

—

-7 et - )

O\ [ ¢ X )z

| =P LK™ « ple=1 + pLE=2]%,

)

rAv
=~ ©0,°%

Piel = pPri>1]

=-pre=] -ple )

P
c—

L= [ e '+ e )

o, 26

g

A,Bj LAT ©
PY K>2 | k>(] = rL I 0,08

I,

—

rPLRB] pLR]

6.26
N

= 0.3e
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6. Washington state apples are modeled with a Gaussian pdf. If X is the diameter,

X~Nn=3,0=1)

Apples below two inches in diameter and above four inches are discarded. What is the
probability that an apple, after the discarding, is three inches or less in diameter?

6
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7. Let Y be a Bernoulli trial with probability of success p. We perform the Bernoulli trial
until we get a success. Let N denote the number of trials needed to achieve a success. What
is the pdf of N?

Ve Jwg-}- need one  Succesy Thox we. S-f—cp

(- n T MA}LI /‘ T o s

0 o leres » Succes( 651' nHh “f};éﬁ

l

o
\
ety
e K0
T \]‘\\*\_ P((”ﬂ/
[ NN (6 - — n
chede > = foen =
©
S rCy) = 2_,((~‘0)V"(
n n~{
= [ £
( —-p) /0
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SoME CorrECTIONS oN EE505 Text (PapouLis)

Page 82, Ea. (4-49)

=CX

ce _—c{x=t) ce™ % -c(x-t)

= @ should ‘be —e = ce
Ce—ct ) ot

Page 75, Eq. (4-32)

s(n=k) should be §(x-k)

Page 92, Ex. 5-3, second sentence

FX(—C) = FX(c) should Pe Fx(c) - FX(—c)

Page 148, Problem 6-18

Mising right paren

Page 171, Problem 7-10

F{U(a-x)} E {U(a-=y)} should be E{U(a-x)} E {U(b-y)}

Page 132, Two 1lines above second equation

X <'b cos o should be x < a c0s 8

Page 132, Second equation

Upper integration 1imit should be n/2 instead of a

Page 195, First equation
.= T should be T/2

Next line, n = 2T should be n=T

Robert J.:Marks || Library Archive. . -RobertMarks.org



10.

11.

12.

13.

14.

15.

16.

Page

Page

Page

Page

Page

Page

Page

Page
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210, Third equation.

The two cosine terms should be added, not subtracted

213, Eq. 9-20

k : n
2 should be 2
232, Third equation

The product Xy Xy should be deleted

224, Last equation

The n=0 and n#0 should be interchanged

252, Last equation

Bracket and semicolon are missing

259, Problem 9-4, third line

y in y(t) should be bold faced

261, Problem 9-30

", ..where x(t)=" should be "...where RX(T)="

572, Index

Gamma density entry should 1ist page 77
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17.

18.

19.

20.

21.

22.

23.

24.

25.

Page

Page

Page

Page

Page

Page

Page

- Page
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9, Example 1-3, third Tine

273 should be w3

60, Tlast line before problems

r - should be Py

76, second line

46 should = 40

93, Ex. 5-6, second equation

missing right paren

100, one line after 5-14

X should be y

122, problem 5-27

2q/p2 should be q/p2

120, Fig. 6-5"
X - should be X3
141, Ex. 6-10, first equation

second X(fifk) should be Y(fifk)

Page 154, Ex. 7-2

) 73
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26.

27.

28.

29.

30.

31.

32.

33.

Acknowledgements: 17-33
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Page 154, Ex. 7-2, L

ast equation should be

N(10,105 V7, V35 V3/7)

Page 171, Problem 7-
ECLy-g(x)1%

Page 187, Tast equat

missing - dy

Page 192

15

ion

(a) line above fourth equation

p(1-g) should be p(1-p)

(b) fourth equation

second inequality should be reversed

Page 198, first equation

denominator should be vn ¢ instead of o

Page 212, Tine above

"of" “should be

a
Page 213, Eq. 9-24
flw,t) =

Page 260, Probl. 9-1

G(ﬂi}%ﬁ)‘ >

Eq. (9-19)

or

6 34. Page 266, Eq. 10-13

delete 1/27

were detected by Peter Wai

Robert J..-Marks Il Library Archive. . RobertMarks.org
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l.

N
F:Of‘ Y: #Z—Xn

£

Thus:
7 = d5 P (e
I 5/

= 7 é:'(ﬁ)é(o)— 9. azx->y X

LS

atl +he X,'s are ina[e/pena‘ent:

é‘z(a))" f;(ﬁz’)

($): # u@”'(-——) @'(N) ,ftgfz(a))

§

= (f5)° P gle) 3

(f‘-)é () = @”‘G‘i)_x( )

SEN z(g)[é-m(ﬂ)] +.L.é (ﬂ)é'"(g_)

‘7‘ Bt 5 [8, ()] 3 ), (o)

d

= ‘n“('i(d—') TG (-%T)

y"" -,:r'N-‘ X« le' x<
emi—— —— M=l .2 J__-——-- — e
= varn ¥ yz Y N X + N X - X
= v [xT-%"]= N vanX
1 )C‘ ( ) ot/
. F Caoc : = 24 x>
2., For 7 2 (X of -“‘w‘
Frem last homewer k @_x._(w)‘-'-
ol | ,
- b — w

-f ‘é,;,"§ (6). But ji‘“é- (w) looks like this:

/[ad'.é-x(‘*)) AM='>5°

. jxz 7
J/ Net JQ:P’nnecl
To get virian we need - @d—) @ (o)

But G‘!-)aé'z(w) hzs acﬁelt-a :fuoctnon at

E. or\-g—un = n X =

Robert-J.-Marks Il Library Archive. - - RobertMarks.org 23
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i

%

®Find the density) mean and variance of
N
VX,

when X is C)P sson
(b) G §'mma b=n

In g'ener*ali %Z(‘d)"' @;’(%)

a)F Poisson: )
(a)For e o a(e"

to exfs[b (e&w- 1‘)] the_n frem the

scal:ng‘ tkeorem C{) inverse

tr\ans-Jzor-ms to

3( (x)= N

~aN (__,.) (_C_L{"__)

Robert J. Marks |l Library Archive. - 'RobertMarks.org

~~’ ot (N)
=ea Z:Aan,', 8(*‘%)

- - 1
= e :
Thus: Cf (u)) = ‘ (I)
b b |
Since & Z:_ S(.X n\ Fevrier transjconms

24




o a L.
/2 o e auN N= QM [l+aN] eQN
_a(i+tan)
- N
Thus:

g a(i+aN) 2
0}2: }/z -72: (\” = a
ar X
=2 +9%-a*= ﬁ"'”:!—'-——"”
(b) For GAMMA? bt

Ffr(x) = I"C(b-ns xbe-cx/u(x)

nel
C

= AT x"e T al)
from (5-72) on F.I.‘S"’j:
\ c N+l
é’x(a)): (C*&'&))n”

Thes: C;N (Q"")

é.jf(w) = (C“J%}N(n‘“)

For m+1= N(n+1),6 this inverse

trans form s Tto.

c™*! m .-c(NAX)
f5(x)=N=m )" e e (x)
or: N M@ N@+)-1 7 _em)x

’ez'(") :[N(n+l)~]J£(Nx) € /u(x}

Robert J.-Marks |l Library Archive.  RobertMarks.org 25
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N(n+i)
(NC) N(+1)=1 -(Nc)w

Zpr(x); [’N(ﬂ*‘)“']y X e /“&)

This is a gamma dens:t)/ u.)lt)'\
Far-ametem

or .

b-—M(nH)
V0.
C = NC
The mean is +hos- (Fg"’”)
—_ b+l . n+t_ _ =
y © TA = c =~ X
b+l _ n+1l _ vauvX
var ¥ = Fz * ez T N
Here, 6 as in all Prau':ous examPles)

 ad

7‘-'3'(' and varY = N var X

Homewor k:
1, For Y = %.X:n s how:

7-':'5(‘ 5 va/z,,I"-'TuL—VaA,ZX:

assuming eueryth Eng exists.

2. For the Cauclwy J.str:but:on discuss
what happens when we attem +

to evalvate the mean and variance

by d:'PPEr’entlaf:ng + he charactemst:c

PUnCtl‘Oﬁo
Also? ‘Chapt &: 2, 4) G, 7, g

Robert J. Marks:||-Library Archive. RobertMa‘rks.org 26
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>o/0'£:om5 ta i 'teo“nf

y - (,_l)x'l"'z
[z] Ez;cw“ﬂ E"k—a)xJ ELc-s)fJ
[ei)E] = amm Q—r—é-" €3 £ 3¢

O

hereace:er-e E‘Kﬁ empi Z(a*b)]

E[f”“t )mf}z} 1
."'. ;va‘m‘Z: :l. m’: exF[ ¢ (a +b)J

}(},/x)_,, se(x 3/’6@ CX)
e L g_:f.;? ”[2@';,12) ‘rgv:—;:-z‘*j

am ele/x]- Jo yﬁc(ylx)d/ =o

(fh's is beﬁavse PCyix) is not ewﬁlamﬁl a r |

:Punctmn o)c # +the amfe ration llMl'l:s
 dre eover ~,,7V3' EN 'xz.Tl > & ﬁ;_—-_;-},——-—: ;

Qamf/r E’["’"‘/z]_ f-.»]' ﬁ(//x)d,x

Vaz—-—x=*' |
ffsa':;ﬁ-" 7 2@7%75*-«’- “

‘1 ca

b i L AT R

..x'z

=1g?trfr§=‘-j=’*: )“‘3

= (rra%ﬁa?-—xa ¥ e (32' Xz / IR i

This is minimom when X =%ta. Then we |

must r‘e7uu~e that TF=0 an

var _'Z’/_Z: =0, 779!5 ma/ces sense !

o ol s e e T e

/
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Nz

| gn':» tnk "p
= s tnk E:ﬁ

k=1

Egnz‘vmg-n, E [(Z tnk J-‘ )ZJ

"
]

E [ ZN: g- thk 'tn_Q gc P ]

e g k e

EE ey cofe

; : k-ﬂ 2‘”" ;

B [\g,,l < 1] u/%(z) b, CL
Z(-l:) - c;.'.&"t | |
E 2(¢)= c:e"x{: ‘(—3'& tz/z‘

:. (_,Co Hows JD rom a?eﬁ ooc ckaractemst e J"onc:-i

er 3 normal r.v. )

k': 2(’&.) 2 (‘f:z)- R(tn )

- £ ed Xle, &)

. e«e‘"‘(t tz)""/z eaMt -tz)

or e
"/?(r)..‘ e""’z /’“ c—z""“

Then , ot
. van Z'Ct)-"l?(o)"' I'

The Fnoce;ss =S noﬁ stat:onar)/same

77(&) Z cc:n:stant-

~77 m

-lon .

" Robert J. Marks Il Library Archive; ©  RobeértMarks.org ‘ o8l -



S3ssew Pnrow <— iz

: *RobeﬂMarks.érg‘

Brary A;\rchijvé.

"Rbb‘er:t e I‘if/larks :Il L|

ST - L.._..N;l@.

onpow




Robert J: Marks || Library Archive: - RobertMarks.org

How ¢can we enevrate
-4

F L
= 2

What qbovt q dice rol[?

Dn= Int‘[é Xn+ 1]
W—Sﬂm
Gavssian R.V. ;
@) can f--‘ad the g’ > Z;: g(X.‘,,) ;
15 gatu:'.sian (ug—lyﬂ"
(b) Central limit cheorem

Y= X,+ Xt Xgt+.. .+ XN

= Mean= 5 Va = 12
/

=2 oo
(c) Com,out& X, '% Xy _jz:[__,
then L <
Y, = (-2.,&_1‘,)2 coa2T& X,
L
.5 C'Z‘Z“—K:)z At 2T X

i fn # f;‘” are Ze€ero wmean
"Uﬂ;t Va r"l\?ﬁnhMak%Libraryﬁ@er Wealar}s.org r'-. V. 's .30




Robert J..Marks Il Library Archive. RobertMarks.org

Discrete Metheds

Generating Random Numbers

Use Table
Psevdo- Random nuombers

Congrue,nt:.e. Me+t hod o f gen erab?ng'
pes ps evdo- reandom numbers

xn«n :(O K”"- )Moo T

b érshovuldy be felal't‘l‘JQlY 'or;me
l .
Example - a=8z, b= , T=1 |
(#) Seed X, T 1 &wovE:camn GET i
From RANDosM LETABLE
X,z=o.19159=2¢ |
X,=0.641592¢54

oI039 )1¢3S

\
X,= 0.2975¢S !
o 1
Can Show:
As© E[’X_nxn-trs]
b b
- — - —
- FO-F )+€
Gs
G‘s:‘gﬂs (mod T )
b_;—(Z Gn)b  (mod T)
n=b

'e’“ < as/T

5
HP Yoo, =Fe(Xa+ ™)

Robert J. Marks Il Library Archive.  RobertMarks.org 31



Robert J. Marks Il Library A

MEWORK ¥
wapT 2: 3,@, 8, ZLS'}
MAPT 3: &,3

IEWORK #2  3: 5.0

#APT 4: 2 ,6,7, G
MEWORK #3
. I,Z. ,-

cHAPT 5 4,7, ,1°

HAPT. S - \‘I 0, 116 18

&
\......_,,___/ =

ME‘WOR_K #5 *# e z(lﬁ*!’) | %

HAPT. G . 2 EAN2 S

¢
- HAPT. 7. be -¥s |

| ~ + ze £(x-—l‘i's)
uewoR i ¥ & 4 s e . |
“apt. 7. 7 | 4{3/6,2 s
walT, B 4 Jw =7 19,20

|
E
1
|
2
I, i
1
|
1
f
|

ST Cheptd : :i'afab Bie

MEwoR it Chapt ¢ g 12,13 1€ , 17,224
‘HAPT. 10 ! -,/3 ,9 1>

. CIVEN A RA-NaoM récecenpr SICHAL FRokx A POISSC

PRocess, FerM A, RAN OOCM PREOCES g
New RS

Yed = i) Y“’) I A
where P-[wn-= 03 p"&/‘:ﬁjx%
Lind she mean of e -

Robert J: Marks Il Library Archive; " RobertMarks.org




L : Library Archive - RoberMarks.
ENGINEERING LYBRARY KESERVE LIST o C(ENGRG FORM # 1)

- Library use only

irculating X

Quarter Svm L~
Instructor & Marlk<
Course Name & No. &= s o=
Phone number 2L 7L .

. Campus Mail Stop £7T -0

 Number of students in class 47

Copy
No. Author Title :
_ , "Probability, Rasdom Varizbles
. and Setach e P : | s
Paicou!,:s L schastic Processes

Mif (/“’?cGraw;HiH/g?gtq) :

Thomas

"A, Thtre toStatisticm [
Commuonicatien Th eaﬁy "7

(Wiie,y, ;?&?)

lLarson

"Toatere +o Probabilit,

me.ar}/ and Statistiesm

Zaterence ” (W’ff&y) BN

8. ol

“"The Fourier Tr‘qnsaﬂav\m ,
and T+s< Aﬁp!}ca‘t:ons

2% &l " (M Craw-Hill, 1978 )

p«aiﬁauju'5

"Cirmcvits 3 5 Sé;ems"
A Mod evrn /@f;ﬂroac&”’

%f@u/; s

{Hf’j‘&,@ne%aw&%’ ?3’ w*;ﬂgﬁav?;' l??@)f
“"7The Fourier Tnfﬁg—ml :
andd T+s ﬂrff licaticns ¥

(M. & raw H';]])

Robert J.

Marks Il Library Archive. RobértMarks.org : 33




Robert d. Marks II Library Archive:

RobertMarks.org

fﬂ
(. ocor

¥
s

s

i

I

Mar

Craduote 50!"0

€ Cc

A

/
)

Rese aprel

o

15

Robert J. Marks Il Library Archive.

Midte
fjé ey %

.

[

h W

RobertMarks.org




t
|
!
W
i
'
_
m
i
|
)
|
|
|
|
{

|
|
| | _
LY w _
!
| {
i
i
| i
| I
i

w [YOOY - 0€ Q!

wj L 9Pgi8 -2

RobertMarks.org

LSYH 301440

5 —_— 0bb9 -5

= viwy hoh 3.5

: SHYV ]y 9O
- | W ¥°F
i _ o{ St 24k - Y

: auo» oﬂhw@ nmiw‘.mﬁn%\ = |

(.VM. w o - @ u« W“\ - :

, \UVGaMgWW‘“ﬁ e- o.ﬁhe o.f\i P HYOMIW O . G?;QQQQ
sadel avssay |

M.m,:NN s ass® Uoww\ JilsSiyool o .w.
SITVVIVY/) Wodnty Gou $17000Y 13%=2)

|

Ssss=o0y, woldmvy
¢ ALI7/IPVHY,] ol NoILDA00YLN|

$0% 23

35

RobertMarks.org

Robert J. Marks Ii Library. Archive.




RobertMarks.org

Robert J. Marks I} Library Archive.

O = Wwos nvﬁ«.u_,v IUBAT =)

U..u:g or :QQ uxm

“ Z
e

B U=y me.muQ;\.U Tﬁtglﬂ‘ﬂrq ...mm
DQ_AI.G .

4 (o .
A§v ‘\.ut.u QNU&H« 1383y - T

Lvawinadxz

\x.:... voovy

=&, \:.m:_\ww

36

Robert J."Marks I} Library Archive.: - RobertMarks.org




RobertMarks.org

Robert J. Marks Il Library Archive.

\”Gﬁ\lﬂmgnc.ﬁ.?v.Nl - Wm

- A 3

rWUSd..\u%

G

327 ‘sgud e W .N.%:GJU =+ MDD

c...xu.w..ux

2 e Lo
\\vTOHRNTv!\v& = ﬁlmm ws@lﬂ

CALWNVIVLUI DNV SIRALVWILESE IZIWINIWN
{

‘aFues T

\& MAA B ﬂ\ m\ﬁmﬂﬁﬁmﬁvmvﬂ ﬂkﬁ%hm.g c%u@gv "F'SW

PR

37

RobertMarks.org

Robert J. Marks:|I: Library:Archive.




Robert J. Marks Il Library: Archive. - ‘RobertMarks.org

Nenlinear :
Mean - s7uar~e e st matien
P

Frem = R. Vv, _X’/ we wish to est.mate
the rnv. I, by
A
Z = gCX).
Question: He w +o cheese . 7

Answer: Minimize m.s.e (mean sguare Cst.matooq)
= E("’" g(x\) ]
fT (/ g‘(x)) ch_zfx y)epxcj)r

Note : MwiMIZive SQuANE oF o:sTANcc ‘Twixr THEM.

No(:C( FZ.I(X')/“z F:t ()//x)/:_z()()
= focley)t Frlyln) Fo0)

Thes: . o 2 ‘
E[(i'_“ ~g(2)>j: /l“ )Cz(x)jc (/-g‘(x)) 7[}_-()//)( )ng/)'
Minimi ae" v x |

.{CCOﬂJ MOMQ,l b

/(/°§[”’) )ﬁ (// )54/4’“ Fely/er Fhour

eint

/ g()()—'-(ow

f ! 7[ ( + (x)
i g
. ﬁz/;!x)

fece ] d
Mame" ‘-

; o )

Robert-J. Marks'lI Library Archive. - ‘RobertMarks.org 38



RobertMarks.org

Robert J. Marks Il Library Archive.

PAwaD

7

tdpsr oy <= (IJa=[L2/Z]3

Tpus wue 2 e X #]

volSsauw Ty = ﬁ...N\H.H..Nw
<

[3/4 72 =02
. 51 ‘sasTW Fsa9q ﬁh\:\\r |
iU W e Sy ﬁx\\l.%wmuﬁkvm
..Mx&\

sa2rwiurw (Ay3 =b

Gﬂ\ Sneqg b \ .uvc JuB Wew YKQOUW“

;\woaxv ..H%N:?.\V M..,,\ “
s %22y

39

RobertMarks.org

Robert J. Marks Il Library Archive.




Robert J. Marks Il Library Archive.  RobertMarks.org

X 22X x 5B -[X/1]3

/

X =

EETSEED

m =
\W xxuﬂﬂw\auﬁu“mv.ANumx\,

() Apetr®, > xsd? =[Z/L]3

A\ux\axvxm?@x uﬁx\\o.w% =

A\uee\mxvvv\x..g \KX...@H nxs.xv.ﬂkoﬂ

40

Robert J. Marks Il Library Archive.  ~ RobertMarks.org




Robert J. Marks Il Library ‘Archive. " RobertMarks.org

Linear Mean-Socvare Estima tion
&ssome g"c,g).:ax«r ko

Not~ as g‘olea{ﬁ—b g‘?snera//}f more tracti ble

=> Minimize E.[-CZ-" (axx+ b)] ==

a$ b
e-= ff (y -eX- b) ,fn(x y )ali/
P f‘t" imom * _
- ———-—-L— s o - x y =
a oy ; b=y -ax N g:a}
- j = CGr
Ives \ Cenlzx.
g - ( R ) 2 °Q*’ﬁ"c;§t69
em = cﬂ‘}, 8 ’ \ Sag

( N
pr e ‘p . )co ~ g\f o ez;:ﬂ\g e | ,,F»»th“b e S e \w’“ot j o

‘I’he.n:

! =7
L[(I x:(bi) )~q(z~x))‘]

-~ 2ro, o—q—fo-

| Take jﬂ. o

ives

r‘O"}_
a = oy

\Uctc: f-)& K?Zaﬂg Z2enso

M San Fr‘oh be&ames o

cl(c-ax3 |

INimi €
obert J driell Libr RobertMarl -~y 4
wgzﬁe-)’ Sy, = o- G-r)

™

g}wz.s



Robert J. Marks Il Library Archive.  RobertMarks.org

. Q%QZ

.q..m.&
3%

0 dsy T ulotw s

~ (40
o+ [ -2) 1
S

> Yy L
Hoo b % v

s c.(xe-T)]=

TS S A mrbso,ma.wﬂwquu\ weuy T 4 o.OCQ

¢
Vosw gupe 1 & i 2 w

42

Robert J. Marks I Libraky Archive.  RobertMarks.org




Robert J. Marks Il Library Archive.  RobertMarks.org

e

/ /]
V \V\\??*

H tﬁﬁﬁ!ﬂi&ﬂfg

mANUl IN,V N.N =72 vy g ,
o=[x(xv-Z) 73

.v..‘v TR @ \GMWQ\\M.QQ
S: Xb-_T  3sys ysaos si

[(xe-2) 13 =2

TSR Wi 2y P a3 syoe>

Byl I IFWIIDNIYT ALITYNODoHIYD

O\Ua\n..v &*“
w UWEB WM ous 3
£y 2ve W:W W:.. DR \ w X ..\:\ou qinah
o=[zx]3 = Ax

qu ) ~ﬁto.M,04nvL0 PUR ‘AN 0.2\».,

1Y

Robert J. Marks Il Librafy Archive. - RobertMarks.org




RobertMarks.org

Robert'J. Marks Il Library Archive.

\C.wc,.ax.:&;cw\ \\\W\m«

w € S
..;n»\\BA xu;o.xv\% XR ba N Axv\%
AiK...uvnvu tXW..WKWHA?k ..-x‘v%

mrx wf.Mns‘ ~ \:~@ ﬂpfx \..Rwl
hlb\nwm.ucum.} WopUR >y ° m,w.m.oe,.vhm.ﬁm..n%

a4

RobertMarks.org

Robert J. Marks Il Library Archive.




Robert J. Marks Il Library Archive.  RobertMarks.org

W =W J =1
[ WHNV P FEZ WX 22 l.wﬁ:um%vwmu

P= W

hl&?.mw - ..M.Ww 3-

¥

1| avwsaedva 49
A,.mvuw.mkouw B2i3)
X¥ o4 o FEIE amy, oy

(ya-2>

< o200 S J..X!U...,.. + ‘'

o .Eowhw.n.fwnnet&.u (.NU«..;
S.U\OY\Q IV BIVE AL 2 uw g, A .4&\0 % .LO\UQ\»

Hhh....m %.W Hﬂmx ..XM«% - Q\NQOMQQ.&{Q

M.b\ma.‘ \mﬁvmwm Cx]3= ﬁ%xﬁ.xuw @3 ®]|2svedv)]

A—\x v ea «‘xu

45

Robert J. Marks Il Library:Archive. RobertMarks.org




RobertMarks.org

Robert J. Marks Il Library Archive.

N;mvn....u\x‘.
.who \u...nlxv% malf > isaw

ﬁdx...;»ﬂ.\o\&Nm =[x ....kw\M

u@.ﬂﬁoﬂw

..P\QWM.\ wanvwx.wﬁk Qﬁ% ?OW%G.N.C@,\.UQWW

[LLCx o8 -x)73

AU LS S IR 1winviW
@2
ﬁfh& v ,KUM” Q

...\o\« %n “g.\U“ nk‘g O\* Mru.xbn\...u.hm oo Pwmm\s

4

bx - txloy

‘WO L philsE Bvvnbs NYEW

[r122 LU*F)]=

n&\ﬁtﬂv\mae\*.\% -]

46

RobertMarks:org

Robert J. Marks Il Library Archive:




RobertMarks.org

Robert J. Marks Il Library Archive.

Lo =[2]37
&=

: - lmb [
Lx] 2lyvyaly

= < v
> 2 X

=[x ]3F
t DwnNSSYH
ﬁw FIIVYS  NVIYIIXD)
‘ANPOINVIAIAy]! BV S, X

AuwnNQﬁ ~ X

““\ﬁ

U 271 = vA

Lz e (xox)] 2 2xmm A

&
A...k s ey ?.leﬂ. u...m‘

~oand Uy
WOYd SILVWILS D & SNMU3L 37JWVS

47

RobertMarks.org

Robert J. Marks li:Library Archive.

g C,/, w,m . a\\




RobertMarks.org

Robert J. Marks Il Library Archive.

3e
N
e

(2F = [ mp@ 13 20
Fz Ao

48

RobertMarks.org

Robert J. Marks 1l Library Archive.




Robert J. Marks Il Library Archive.  RobertMarks.org

(s92 .\w

2384948 7

Sg _IOVYT vo M7 o HeoY) S5,3A0NIVy
do 413 : ,

v 4

?.-wig&

3 Jo e = o

i
Lo

2 liWwir Ny

oo &— V

U g
20 |

49

Robert J. Marks Il Library Archive.. ' -RobertMarks.org




| v N..\. =[n]3
Nﬁ)., “x) + +.~_ﬁu.,.m; .N,\V tsoy
=@ =§ =
. Ny N 2z - =
m > 2 = & z
ﬁw m#- x) - (=- .wim .&Umt&um
A. b oyl
wou&@& llxR —_—
£ un) 2
g Y340
Suis A

. (x-0]3 = [(e-2) (2o 129 540
2 - > ez X
{ (~-"2) { D] I
N
&
5 Nrk A o = . ¢
: PR R BR)PUvoODUn 22U
7 = i =[x13Q
ﬁe&wu\w : .&QQQ.\
= aw\.c = A MA«@
VS O N.NJQ\,@M A uﬁ@%@ - g3n00Yd OL

7€ = [{x-"x3)(2-x)]3

LIS OD YN @ a— PU|
= A

— e

e D N~ ¢ CE > M
w o A
X = T+ =2

&nl...w\ \A,x.\vxﬂ,q{wbw”\ POUVUBIUTA w WwBaw n\o‘:,.dm

2790 XA

Robert J.-Marks Il Library Archive. RobertMarks.org

50




Robert J. Marks Il Library Archive. RobertMarks.org

Normar KANoom VAQ!A»&»L_ES‘ ‘ N
a( uarca”!&e o—’

M‘t""k ernder mero mean}equ =
o+
;ﬂ; . i - x .2::;- - N
'I,...rw X; - 2 - (zﬂr) = O_ﬁ 8/
L&’é" - XL *+ <. "‘"X,q
X = ‘ n
V ~ A
KXolr=+ x>
= ?(zi xg1-+...*HX;m
Densities Lor each:
o2
ﬁf e /iarma{(al Vaa = TJ—_ )
= ! - “-nXog =

=
Féf*)/ 7

X <& Uxze ... ¥ = lae X+d X

)/ er‘slfu-// ex cirele
sphere
In 5‘7911} Mess 1S 4qr =
. ~ . -
§
_ M @ /C’?" C'Xtd‘XJ
(2;{")1&0— F[’x‘rx“—"-;?./—‘
LonsT n- - X e

=}t (it 1 4x

can )A;’ld' CoANST via enit Freag s

yi~i{ - x 72@,3

hO= 27V e g

Robert J. Marks: Il Library Archive. : - ‘RobertMarks.org 51




RobertMarks.org

Robert J. Marks Il Library Archive.

U&.O\nrwm,\un +° m..wwk.\m.v\n = U

ww.sw..u\\k » L “\& mwm%mumn\h

M (2ww e fe 252> \mwuv.“\mv
S a2 A

Z

At 1 bz =k 3
Nku\ ~ o

Robert J. Marks I Library Archive.

52

RobertMarks:org




Zero »mMea i)

2
o
3
lL £>
&
¥

Robert J. Marks Il Library Archive.  RobertMarks.org

7 =23

pj?//df//ff ﬁQs

Robert J. Marks |l Library Archive.. ~RobertMarks.org

53



Robert J. Marks Il Library Archive. obertMarks.or

Q
J—’\
)
\
'y
\J)
W
N
| <
NS
- N
y
’Q
v

=t NW\{., JEYF %00&
Pyl dvE X & A

‘MmN v Y.U.SH&W
F=—u
=-"X)2 N =x
N
u 1=¥
(ZE—x) ==z

TR RR WG By i.JuV«.CL.U.U.nQ

b4

RobertMarks.org

Robert J. Marks Il Library Archive.

\\\\\\

i we




RobertMarks.org

Robert J. Marks Il Library Archive.

—Iz lQ

d%?O..hV.UC\«Qv ..\u.anU ummb Wbov&v
b

55

RobertMarks.org

Robert J. Marks Il Library.Archive.




Robert J. Marks Il Library Archive. - RobertMarks.org

P , W:E'a-e.romea'i

5 e epay

i g“-&- "?.:"4'...* Z,:,:

Zero MNead me

itﬁ'ﬁsran ry.

w’;\ ”..lz"_—-, nel n 20»5 (s:ncc 't’lltr( are N X, s)
X’;-—K

— 2, = T
V=C,“Ft...4 C, =

)
S ¢ =0
A=
et Since
Cpz = (c +...+C’,,-,)
Scbstitoling %
Camplete sqoar e "9‘7°oa/~
rescol€s in v ex,omess fen o ’s
7 ) )42‘);*95 S
= 3

EZS5 wero mean, normg| with seng
meean & 67031 Varit ace

2
=y ~ 2/ < 5/occia[ case of gamm

evtl
Tv rnS "7~ 7 =

\/""

WW@W 7?‘%/7%/1 "
b7 () € et

o

Robert J. Marks |l Library Archive. - RobertMarks.org 56



Robert J. Marks iI Library Archive. - -RobertMarks.org

.

LINEAR. McAN SpoaA€ ESTIMATIgn, MINIMIZE

Qe Line -

= : = - |
- g[(xo‘CQ.K5+Q1LXE+.-.*Qan\) Jj/’ﬁt Q,;..

R“;‘ = XX = ELx. xé:]

”é ?Eto/ QIJr-CovaﬂZaﬂcQ o7l X ; # Xo"
ANS:
Wish to have error:
"(a»xt‘&"

St OaX, )

IS ont—hagcna/ to (x,..8,), That is:

:KE;ngQ ”CQ,X,-I—...i-a,.X., U?X"] :O/'«(’:I,Z,-.-é
ProeT: |
/TO

minimize/ se &

sgi[)(.-(&r,x»‘

Solving" fonm a;’

6 - s "'q‘ﬂxav))i]
& a; =0~ Sa

“([ Xe = -G, Xyt .. n)] ) <0
r&‘\0g‘an§1n ), fﬁnn¢lﬂ/g ;;Ilous

Whaf 1S Mig. « ro/‘?
ExPANDIN G

\

B RE % USING ORTH. PRINC1p¢ 4.~ X
@..,/——E‘E‘f—’\ La.r‘—“ﬁx;'yj

ﬂ' €= E [(t° (ch;" a
“m

‘(Xo (a, ¥+, % ‘.XQ)\)\'

- E[X, o(a K‘xo iQ X.DJ.
M R L LY xj

s
ol

Woo = (qi ﬁol‘r'v‘ fqﬂ Ro")

. ﬁr‘om ¥

RO‘ = 4 I?” + GR ng*’—.‘? (Piﬂ q‘.’
Q‘u = a'[‘)zai'qz R2= + . +}"?zn

. T‘E,,na,,

tf

Robert J. Marks 1l Library Archive

. -RobertMarks.org 57



Robert J.-Marks Il Library Archive. - RobertMarks.org

Central Limit Theorem

Let X, ,n=4,2,3 ... N
ELX.]= x,
var X, = O;z

Let:

Then o
Neote E [f;jj = O
vas Y-.N = 1 (Frove)

T'he,n/ ag N — oo vnder rather wesz [g

conditiens:

Z;i ~ norma | (é, ’)

‘mf o /C‘D
U
sofficient: 3 n/}}r F AN
o>0,F >m >0

Ellz-% 13 <M

ﬂssur‘es 4 +term dont deminzg te

J

Robert J. Marks |l Library Archive. . - -RobertMarks.org 58



Robert J. Marks Il Library Archive.  RobertMarks.org

‘5/‘9662;& | C3se .

Ia’eﬂéicaﬁ/y disfrﬂzbuté’d :,?' Tnef
T‘ v"”? (Z "X)
Let Z_n__, X:'e- X

- or

Then: E[% jZO) vm,Z,,z 1

. W

3_—-——-

n=o — > 2”- (d’w) _23

:]-vdcorr“'ﬁ'(dco) “ﬁ‘

U s
2=0,"2 wwww% 1 — de

=
= |+ O+ (Oxw) 21t m*’i‘ﬁ’““'ﬁﬁ

; 2 s >
w) B (c!‘“)a
5 é%)) =] * (-%q—') 27 TR N3/23) ¥
S .

~z
1l r‘g’e N o g

) “ZM ~ @ ZNW/},«j

~_-'> %’J Marl{&ﬂj)r?y Wobe}@ks org /2 L M it

»
w ¥




RobertMarks.org

Robert J. Marks Il Library Archive.

4
= 1l Z

#

iy
g

5 -
Ll =MD

U 1= .
/< = & T =S

wﬁu @ mﬂ% te 11 oY, e

mzwm% m%@%%ﬁﬁ%& %w%ww%www émmﬁwgm‘mﬁ

T
o A AL

A 2 _y
, %;% mew%i%w p-

60

RobertMarks.org

Robert J. Marks Il Library Archive.



Robert J. Marks Il Library Archive.  RobertMarks.org

g
P

" Tswn JWSWMQSAW

-0 (T %

1 ~(2 ‘s AR T

CNOILINAY YYHS JViof

61

Robert J. Marks Il Library Archive. RobertMarks.org




Robert J. Marks Il Library Archive. - RobertMarks.org

ﬁrukﬂv \v;\& N\ﬂ .tmu“tnm.l

®S - 2%
aige
. %\k W.ﬁ& ..\Js@\ Mﬁw\v?ﬁthﬂl\.\d
=ug=2g

‘3 a»s

\Uv @ Wi g .CQ w\ti\“ﬂ\ m:&.ﬂ._(.ﬁ) .kcsucuﬂw\

4 J\ Ly f\b@@ \S\,\\
@)X

S3s$S 3o0yd 2ILSYHOOLS

62

Robert J. Marks Il Library. Archive.  RobertMarks.org



RobertMarks.org

Robert J. Marks Il Library Archive.

63

RobertMarks.org

JX\aﬂw\.ﬁwwxfxwﬁm 2/ Aﬂﬁﬂ?x\%

latsi0 WRayo LSYIA

Robert.J.-Marks Il Library Archive.

| ﬂﬂb?#wu.x:anu XX (%2 altxTx) 4
2 %

. . ., 0
%3 (90X "a s(9R ] =" =02 < 220
M taulsag r

&7




Robert J. Marks Il Library Archive. ‘?M&f org

(3), 2 —(3DY =
ﬁnvx.wvu =(3) 50

(F» 7z (e =39y =

,é.s 2)((» 2 - X)) 3 = (>3 'HD

r O WPIYYNOD olod

X po 23 302y ’'x ex ‘x _x...u
el )T &D\

L= (=)X] 3 = (%3 '3y

welj3 B |euso0 9344/

Lo T et ————r————

RGO, Ad i Ve B |

A

xp(32)of g!&M\uT&x.ﬂv‘m = (),
: isupw oy

64

Robert J. Marks |l Library Archive. . ‘RobertMarks.org




Robert J. i Library Archive.  RobertMarks.org

| QN»NH\,A .@H.Ym A.J:d%

\
> I
L <3 . 7.
'

>3 >9 . %\\*
: ’
, O > . Q -
ﬁu.-o

\ﬁﬁx .U.VB. ,\.,%l
Ap(4- uvs‘“ ,\ ..A@.Mw«m = (D%

65

Robert J. Marks Il Librafy Archive. RobertMarks.org




RobertMarks.org

rt J. Marks Il Library Archive.

[0}

b

[¢]
x

dﬁ-c_ﬂ.nlv nﬁﬁnv.u,vm\g Aﬁx .?@W.wnﬂﬂ / | @ >'57%E)

(2-1) u?ﬂuwwwﬂmn“uquﬂ .

(3-n=(9y<=
Q ummv:\uw\ <=

o723 (&

O>"3 .\OV\M.A.MV

]
RobertMar&;.org

Robert J.-Marks |l Library Archive.



Robert J. Marks Il Library Archive...- RobertMarks.org

Wmﬁa.ﬁuasvg (f+'2m)ee0 .4 | g =

( ﬁ:,@% = T2z (w=x]3

g —di=
L _J

b
S,Au owm B & 4
ﬂ\.@ +3m) Tedd =(PNX
- Flowyx3

67

Robert J.-Marks Il Library Archive.  RobertMarks.org




Robert J. Marks Il Library Archive: = RobertMarks.org ‘

Discrete Time Processes
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Qute

Rln, n,J= E-E Xin,] Z*Eﬂajj 4°rrelat}o€3
CLn.nd= RIninTJ-2LnJz*[n])

dutocovapy) Shce,

White noise:

CLn.nJ=qCn] &L0n,-n.7J
V 9 [n]= E"C,_Z.'ZCHJJ
X[n]) is wss it

E[. X[new] K‘r[ﬂj]'= REMJ

.Samgl ihg
=x[n] = XCMT)

ZLnd: 2(nT)
RLn, n,J= R(n. T nT)
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RLm]= R(mT)
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For Fsissen Process-

Rt t3)= AZt,t+ Amin (¢, ¢y)
Proof: For t,<t,
X)) s ind. of () - le,) it t,cty

(J'vst like weiner )

E[xc) [£ey)-Xte)1]
=E[TCN] ELX(e,) - X6 ]
:'A'bt X )‘(tz"to)

Sime:

X(e,) X b6;) = X () [X?('ta) € X(t’z) -XG .J

We have

R(e, t,)= E[XCe,) X (+,))
= X3¥e) + )\lt,(tz—t,)

xz((:,) = €second Mamani‘:o# I7o:sson 14 4
= A t, k of xth

LR
DR, )= Akt A6 4 A%, (e ,-¢) [e <t,
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5‘9‘0 €isties?

Feurier Integrals ot Stechastic Processes

X(w)= ﬁ: x(e)e 9 e

N~\ /J

Stochastie Prec.ess =S

 Inversion: = LWt
Xte) = 5= f,m X(w)ed ™ dw

pf‘o erties:’
P
o

orcler, E'LZC“’)] o Elx] e’éWtdt%

x(’t)

note: [For stationar rocess, E X(.) oo
79 N#O )’ P [ J

. &econd order statistics:

E[X()x*(v)]= M'(u,-v)

where . '
[u, v)= ”’ P, t:) e"“”t'”t‘}t dt,

Preoo#: . b,

E[xiunx*(v)]- Ef xe)ed de,

f Xl )% Vt"alt
f/\ ‘?(tm‘tz) e.d (ut e V)tzd\t:dtz

fytz
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I x¢t) is wss with power

SPect‘rum S(m) then X(w) is
white neise wnth aversge intens rby

2m S(u);
E[X(u) ¥ (v)]= 2 S(u) $(u-v)
Proot: |# REWSS, R(t,,£)=R(x ~¢,)
Mluv) ff Res,- te) e J‘“"'*"*“’Jt oty

e d(“w)t’/ Rir)e?d“s, al'rcjtz
=S lu) f,__, c d(u*V)tzal
= S(u) 2m $(v+u)
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LingarV575tem R¢$fon$e to non-stationar
:n‘put—s 5 /V

X (€) - Iz X(e)
f“'i hiy) i >

Firse order stqt‘.st::s:
Fondemental Theorem: E LX = LEX

Thos: Preot:
;717(e)=EEth)] = E f,,, X (t-=) h=)d=
= j‘: 2, (¢ -x) h(=)d e

= ﬂx(t)* I')(t)

Second erdenr statistics \
The.of‘em: Qz:z. (t,ﬂt?_): Lz Exz(t‘tz_)
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ng‘ (t,,tz); L-: Qx-z@-‘a tz)

'&flouj:

RK (‘t’.*&-z)

| Ree fe%z
| e | nie | g
h(t)

RZ_E: = ,?g‘ 35 @ h(tz)
Ree= Rye * his)

*

AL

Robert J. Marks Il Library Archive. - -RobertMarks.org 88



Robert J. Marks'II Library Archive. . -RobertMarks.org

Preof:
eo 7 ('t"f) - ’th X [tm_\

x(t,) Yle) = Xte) Ly, X(e2)
= Ly, xtex) xt)
E beth sides:
Rgg (¢, t,) = L"tz Rx(t':t?- )
Enedd of Pare 4

y(e,) = Ll X (&,)
yle) yle,)= L, x(&,) ylta)

Rz(‘b.}tz\: L,sz(t, :tt)»

R‘E in terms of QX-
sz = Ex; fz 1’1
l?y: - Rg‘c‘*‘q
= QX ¥ hé‘x L)
[?x..x:»r Mt. hiee)

/\f)IQ (t, xﬁwﬂ)l‘l(x)kﬂg)do@@

_ S;m;iqux
ngétoﬁ): C (‘tl 'ez)* }'\(ti.’)

Celet): Ciw G:,ez) « h(a)
ﬁea‘me to S@&eﬂbww'@s%;om@g o




Robert J. Marks Il Library Archive.  RobertMarks.org

(2s3y

(23

m.nnve,nvvw 4+N4H
__ae
(2313)225 g =23 )T 2y

ﬁNU.l .UVD K‘ 4 ~QN.K =

_*33 L 23
ﬂJJVMHN‘_W =(=3) 7)Y

it G B Sy st
1223y

v=3\F =1 &
Py 2% 7R

FE=>
X% T ¥=%¢
(3-93 =2 N2

1T
=2

* ~ ¥ ?;EL
CQWW-OQ

SRS

*3

Robert J. Marks Il Librafy Archive. - RobertMarks.org

90

=



RobertMarks.org

ety 0ok o 7]

(‘y B!y % 2Ty
| (‘2-73)y ('Hb=
oy ovo-vag bl

23
(294 xFg =Ty B
(srees (b feaym amss sop)
(*2-'3)3 (1b (22 33y
=t

Sslou 33iyn Auruolz ozs-uoN :x3

Robert J. Marks Il Library Archive.
be

2y

Robert J. Marks:I| Library. Archive:

91

RobertMarks.org

[ T e o




RobertMarks.org

Robert J. Marks Il Library Archive.

e e ¥ =4

- o= — 7'

(@’ A P

- S.:Hﬁﬁx

..N.U:,.m
4
> € a=x
A .MW.N = s-wﬂ.ﬁ ‘G w
e
h\.:(h.

[C9X (x]3 (20)-
[ X Qu, X |3

%0“;\&

Y pea : _
F »*2Yp L€ ﬁimgw 1z
Quu\
(*5HX("HX =9 ,,L(HZX "D W

a =

P (o) N u.u.:wv Onaow?c\w\

\*»Hx -9 & “v N
: We sy WQ ;\QOanvOnﬂ.h*\

{(r)
x Q;\
(#) "y = ﬁsSw v,

B g /Xo W.Umv\unvv&\ﬂm

ﬁa.\...O\tw\ ! Ouaov Ve tun1 9
- g iR N..r 4=
29 -
21.05 (DX 191,80 Gu=
«\Utﬁf&.ﬂhv.m ..%%UOU e O

st X #r b> +F:d P I3SBRYS°3g

Robert J. Marks I Librafy Archive.

92

RobertMarks.org

|
| |



i e

T
O
N
N
K
1]
—| )
¢
Y il
- -
Iie.
v Ohe
Qv e
£ )-.‘@ >
Wkl
. s =~ o
e w5
XN © !
&
X 3 h
'~ N
&
)

Robert J. Marks Il Library Archive.  RobertMarks.org

Robert J. Marks 1l Libraﬁ/ Archive. RobertMarks.org

93




Ra%bert J:‘Marks 1| Library. Archive. RobertMarjs.org %
: |

i

3
i ¢
| J
§ |

E; d T |
= Gt * xTC): X)) . Tle)=o

S<eat:

EX =X | Reg@) =A% 50r)
X ﬂ-se?orﬂc‘! a»ﬁ fel'ssﬂn FUISGS

=

74’-;(&)1-':,(723.(":5=/\ /‘7}(0)=0

=7, () 20 (1-e7 7Y

Cross -
Correlation

Reo (€, t=)

= A z"" ,\S(t‘--e,t} / azt&%)
2 |
‘f‘( (1—e =)

Soletioa:
ﬂtz (e, £, )=

+ k e"‘O‘L(tz"tc) y

e E=-€, )
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TIME AVERAGES
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T->=

T—»oe
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Sgﬁﬁ}cient Condition Pfor E'rg-cdicit)/
in the mean:

T u z(e) is Wss and f} (w))d‘r<ao)
X 1S mean er‘goc‘icﬁm
Prock: .
!
ij?j;, ce) (1- %)dr
< 37 /2 lcemldr

ij ..#i.ﬂ;to’ej ‘&'Aen—_.-’C)
T > e

2. I+ C)<eoo F C(7r) —>ee0o
| Tl e
then X (&) is mean - ef‘g‘cdic

Note: T(t+7) 2 X(e) 3re
vncorrelated Hfor T —» oo

Pﬁbo"’ in tex ¢ \

Ex X(e)= A
Irtey -
25 [ Kee)de = Axel[AT
Forall T

not mean e-v"godic_.
Lo '}
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Ex

§-¥:a'£:'}c:nary
wWhite Noise

Cle,, t2)= 9682 §(t,- ;)

or

C(l7r)-= (1 é(’)’)

|1F 2eroo mean

Frem condition 4 :

¢’7cd}o

L
L
e
R
'&“”""’;\\‘% wiak, L
T
<’

white

_/',:,ICC?))A?-:. 9 < oo

atl M.c.s—-ﬁr‘ocess 1S mean

Robert 4. Marks || Library Archive. - ‘RobertMarks.org
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Co;-re lation - E-rg-ad}c Prgcess

R ya7 /[ Tler M T(e)de

T oo

Qe#-’sn,e._
Note T
E(R(‘f')) = L. z,‘r E X(eem™ Xte)dt
T =»ec -
: = R(+)

Define

2:?,(41:) s X(e+7) X &)

1% ZT(t) is mean -*er‘g'oc’;c./t'l)en
X(t) is Correlation E_v‘g-‘ocl'lc.

(I?ec, vires 3600"&’» ~order statistics ).
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Generating Random Numbers
.Use Table
 Psevdo-Random numbers

Congrue.nc,e, Me+t hed of gen era{ﬂng’
,Dse.udo- random anumbers

n+. ”(a Xn+ b )m o T
b ?T-shovfd be relqt“}e,lr 'or.me
Example. .—ﬂz, b= mw,T=4

@) Seed X,= 1 é===;uorE’ CAN GET ‘
Egom RANDoAY #'msw
X o9 1592¢ |

X s0..41592¢5
' 1 4 Uniform

X, =oi0395)1¢35 ( |

X,;= 0.29756¢5 , |
o .

Can S how:
/03 T EIX-n XVHI-S]

1- 6 =(1-2=)

= + &
Gs
gs (mod T )
= ")}_) - (mod T)
le] a:s/T

Hp n“‘.!’m(T 1—1‘1’)
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i. How can we generatt

L | ] Az Y-‘-Z"'Ji%

2. What abouf: a dice roll?

D,z Int[ ¢ X, + 1]

3.§Gauss;'an R.V.
(a) can f--nd the g 2 Z gCZ)
1S g‘ousstan (ug—lyﬂ

(b) Central limit theorem
| Y=X,+t Xt X+...% XN
L _N

= Mean::?__ Ve = 12
’
& 6
(c) Ca"‘fﬂ'tﬁ X, #X-n-f—; b_,
‘L’ken <

(-—2«&1’,:}}2 coa 2T & X,
Y, . (-24.%, )z Ain 2T X

fn # I-,;.H are Zerd mwmean

-unit yariance normal r.v.'s.
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53479 81115
s 97344 70328
66023 38277
99776 75723
30176 48979

81874 83339
19839 90630
09337 33435
31151 58295
67619 52515

61946 48790
04811 64892
05763 39601
73260 56877
54909 09976

42583 36335
27266 27483
49843 11442
29316 40460 °
30463 27856

28708 84088
13183 50652
60796 76639
13486 46918
34914 94502

28105 04814
59231 45028
87437 82158
29046 01301
62035 71886

38856 80048
40666 43328
40588 90087
78237 86556
98247 = 67474

69977 - 78558
39843 23074
62880 87277
56138 64927
30804 56026

09665 - 44672
34756 50403
12157 713327
69384 07734
93358 64565

38873 ®5544
58314 60298
8356810227
28067 91152
05730 75557

Compiled from Rand Corporation; A million random digits with 100,000 normal deviates. The Free Press, élencoe, 1.,
1955 (with permission).

Robert J. Marks 1l Library: Archive.
PROBABILITY CTIO
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12500 FIVE DIGIT RANDOM NUMBERS

98036
58116
14523
03172
92153

14988
71863
53869
40823
03037

11602
96346
56140
40794
76580

60068
97520

66682

27076
67798

65535
94872
30157
64683
39374

85170
01173
71093
55343
94506

59973
87379
37729
50276
71455

65430
40814
99895
29454
48994

74762
16634
74196
94451
43766

99563
72394
99471
40568
93161

12217

91964
71118
43112
38416

99937
95053
52769
41330
81699

83043
79065
25513
13948
02645

04044
23334
36055
69232
16837

44258
28257
40295
07411
34185

86490
08848
36833
65732
15263

73368
86418
08667
20431
69540

32627
03713
96965
52967
64569

33357
12767
26668
76428
45041

85404
696638
74729
33705
80921

59526
26240
84892
83086
42436

13213
55532
18801
21093
17106

22257
26999
86151
96289
35795

29678
36453
32002
51423
74273

33869
78547
99476
77842
57500

35695
81925

53582

78714
61435

52876
95841
37256
00243
01169

28312
21891
34374
86624
67465

67301
32220
78087
16121
44930

04913
12474
22075
64510
55873

40238
44643
13956
81982
26636

30177
60908
25820
93882
64982

11832
43967
18657
90185
44537

16342
33699
78600
58515

05793

82530
55286
28334
01908
22514

03483
71494
25986
43644
10369

47673
25590
20317
02303
03320

61815
96353
42556
62422
60180

80546
34545
53636
09300
69970

62547
93059
10233
07067
54103

40577
83287
98899
14538
83903

47967
84108
96198
49192
60834

04344
63485
02184
47111
64428

48592
23672
36924
49920
02900

98399
33591
15368
47796
04060

57315
95401
46005
46248
42054

41020
54137
53316
71029
67017

14598
96806
11679
30163
12972

97659
18100
52304
67417
16964

78406
02053
21575
64374
34801

39351
97391
92315
26162
44722

93793
55342
66518
44876
85319

95541
93572
29715
66807
35441

25547
45884
59962
03901
63498

26387
61965
42481
65796
94511

63174
34049
42840
53205
68257

82295
94182
50982
49932
92543

79728
24595
99605
76181
03848

11348
53513
p0007
68587
08277

01017
29807
20325
26336
83157

Table 26.11

43211
92823
65783
24899
69210

86693
48479
78314
47185
47814

20366
80753
04334
61849
28318

63177
41515
68191
26597
00782

02836
51723
60312
44230
44612

71902
04851
81683
94868

14385

26430
42308
32900
23245
97977

55699
26203
98011
95317
62582

78771
14521
05708
87932
67752

86187
63645
21317
79652
04534

69255
77578
59640
20551
69117

98854
63799
97013
81425
08075

55937
96582
15678
44686
99001

75225
04756
62580
33068
35097

36838
14211
42770
77230
10485

71182
65914
21459
48711
79436

87377
07361
32097
00862
52728

91348
26009
48867
39264
93855

45011
72120
63538
38840
60292

22072

12792
57124
31140
81368
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ﬁvs :

Then:

E[ye}=qe&

where:

7 = [:J’?(?’)Jar =

FE: /i: ]h(t)]zalt:z'l&[

: Proof: Recall:
Ryy (et2) [ | Bplti-w £278) hie) h(8)dxda

)
oo

T

E™]= gz (e, ) -.-.-.E Rz (£-«, £2-8) h{=) h(B)dde

= _fj Re (e --.ﬁ-c-» £+8) hix)h(B8)d=da
"[7 Re(B-) he)h(B)d=da

Ll
I

7

on this strip, h(x13 h(8) by
dssUmPtiad (51i'nce a(# /30‘*”3 “cloz:e":)

77/
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| ﬁnalag ‘T‘ec,hn}7ue5

Estimate mean a; Pra«:ess’ X(f.-),

\ 7!;/\/\/\/\\ —| LF "71,, J -
we) |

Removes T
/ h: Fr'e7 w'g‘gle.s
Wlw)= f wd e dwtdt
Ouf:Putl
/(t)- f_ X(e = ot ) w (<) dex
A @ 7’-7 72):

€D o;y L ?ZX
A g iie AVt
C << # >
AAAA pramas

@ Set WCO)'-'- 1 Si1nce,
(D Must evaluvate CT/ —
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Assume bandwidth , w., of Lpe ;s
"smgll Y = Wt so cthat wile) is

“constant w.rt, correlation Iengd,
aﬁ X (¢)

Ex(:‘r)

.y =
Correlation
length

;T’henl reczll-

- elyz]~ = [:ﬁx(r)dr
Thes E{?zt] ‘7

::Zi‘g 7 f Cr(rVdy

- (ﬁef[ac.c Z by T - ‘7!?)
E-’-/’_- w(e)de

Then second COna“t’;On bec_cmes:
¢

A 2
9E K7,

Robert J. Marks Il Library Archive. .-~ RobertMarks.org 107
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L) ryn 55°m @
1=()M ©

Ty sim Huvwwos si “soyl

¥

W\MEVV 9

JU D> mp 53E (Y,

Snyt

..xm

E%OU«&-&- S, \QBWﬂtﬁq \m
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Correlometer

e

|

X)X (+-4)

A
id@!&v

"

Xle)

ey,
5
prmT——— . )
Q (0%
. of
A &
p
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<

.MM\U\UO&u\Uﬂub?ﬂV \-0%. M”u@@.ﬂ.m ,%% Uno. ‘mvwz:

Xg+°X %ox FXImg

s1 (a9 >wig > 2pusav =

(°x)§ =[tm2]3

(7). m j
A.’Aﬂ..wx 1 mu.u..m | O«U\M .All.ll.

(N2

me\S.\MJVO .w (o)
XY 4+°x> (N X>°%] xv ()2

- iway
X9+4°X % |
w21
PRI 12,3
—
(03 ALoo
| IVZE @sn
U\«\r:vw .UTM?HM woug B0 13ak0 o xﬂwm:vﬁ Mc..ﬁ:m.nm
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yjafu’f)on 55_,5'05'/; Nowv 2?/.5??5
L@ lw)ys —Loom Exam
ST T Ea ) A (10 8)7)
?{wﬁ-% = E:G : '
I)*

Bl ({2 (E2) - r22)® y
CERER Y s vk s er

2- ET’E(K}- Find Fgelx,y) $or x>0 % y>1
Line mass: "’?z °“w xvo & ry=1
] —~x Fep(xy)= Pr[Eex, Ty ]
2T~ UCxy - *?e_%z zpﬁ,.g_‘x.{-x fﬁi}» xyo, y=l
Ul " A, / ’
: far(e};ég[,\/&i:gka Em = éﬁ&_ zEXf K} {5”,@& Teq s 3 c&rta}n‘ty}
. rang orma‘i:‘i@n ﬁgr incregsin {X}' - g‘:" x)
sz(ﬁ: %‘f%,ﬁ_&j ﬁx{g‘%”}‘gg x(
P - - o & -
;);ﬁ U [ e TN B k=g Uy ks = ye gt 3y
40 — - “+3
. IZ—@;}’)— g—z F’; yix EU(X,EU(H o -y yx[® * .y
(bi F== XJ{;_‘ofmo}l E?'?"fxﬂ»«}dxjy:[: b’j;:o ye *}ff*@ godyzéji € d‘y:é‘—@&;i
- o= - - - - ! — -
?ﬂﬁ[ﬁ*}i Fep(x,y)dx= j;w yele - ye,\yg,;,x.fo = e Uy)

y 4 /
A © el - ‘@dﬁ{w}/@x (W)= @;@)} = @{O}/@'x(o} - Jwé"—ijg,wﬂgﬁ
}or?;;%;yx‘-!/!f.ﬁx/j F%{E}: Pr[jZé Ejz Prgxlj/}fg éz_}:pr&'égffzjiﬁfce %{o):@
i =z - px/z
Ex - - LY .
piog Tl Aelnddy s eco

7. Té’.lzeé}lei;eﬁﬁ fne:?uaif'f:jy (for mero mean):
LlIZ|=e] £6%e >
er Prﬁxﬁéij 2 [-C7e? . 3
We want P[IXleT] =  0.99-= i«% = |- =5 sivee &%

270,01 = T*=(00=> T=]0
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EE5S05 Final Examination

Robert J. Marks 11
August 20, 1997; 2:20 to 4:20 PM

The examination is closed book and closed notes. No calculators are allowed.
Each student is allowed three sheets of notes.. All problems are weighted equally.
Work must be done in ink:

All work will be done in a test booklet. No scratch paper is needed.

7 And I trust that you will discover that we have not failed the test.”, 2
Corinthians 13:6 (English-NIV)
gencra|
1. Let X and Y be independent rafidom variables and let Z = X + Y. Prove

ot disprove the following‘propositions. . —_
() 7-%47 ——p B= E+T = BT &S TRUE
(b) 2= X2472 ———> 222 (T+T)o= Ko+ _@E«“Ea
(¢) var(Z) = var(X) + var(Y). \ A X2+ :E:?.

d) var(aZ) = o? varZ. (NeT TRUE N
SP GCENERAL )

2(w)= éx(‘”@z(w}
T—zcw) = Tolw)+ Py (<)
P.): gloy+ Ty (0)
Thos van 2= Var K+ var & Trvel

e 2 — ==z
varaZ: @2) - TF =a*(=2* -F7)
= g%var & E TRVE
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where the X)’s are i.i.d. random variables with probability density func-
tion

Ix(z)=e¢"U(z)

Estimate the probability density function for the random variable Y when
N is large.!

let 27 Ko = Zp = X =1

[ .

ST T = 3l=¢=> var B =5
FPO’H laroélem ﬁ:i

N . -2

2 Sl

k=1

]
Mz
N
e

k=1 k=t
N g_ -
N = 5
N r S Z = 2 VM-—%I(— —
ver T K Ve | K K= )K=

“=y . '
8), Central L imit 7Theore™.

THZKZ = Zkiiz-k ~ n(N)\/E:F)

K=}
N 5
ancl ‘?":—_;52 X ’Vn(i)E> -
f«=

1Recall from the last test that the nth moment of each X is@!—. I} ) L

2

Robert J. Marks Il Library Archive. :-RobertMarks.org
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3. A total of N iid. Bernoulli trials with probability of success p are per-
formed. The outcome of trial m,; the random variable X,,, is set to one if
there is a success and zero otherwise. We form the sum

N
Y = Z X
=1

Evaluate the exact probability density function for the random variable

Thic is sim/ole_ binemial R.V.
N-Ik

pe= PLE=k]= (%) Pkcf ;9=1"F
%QPE§PK6@*5

< g; (ﬁ)FkﬁM'k 5Cy-k)
k=0
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4. The Weibull random variable ¥ with positive parameters A and B is

Fy(y) = [l—eXp (-—%)é }U(y)

Let X be a uniform random variable on the interval (0,1). Given 4 and B,
find a random variable transformation; Y. = g(X), to produce a Weibull

random variable.

oR X = FE(Y)-L%">B

RobertJ. Marks il Library Archive; - RobertMarks.org
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5.7A random variable has a probability density function of
fx (@) =e"U(z)

We take i.iid: samples from this distribution until we get a number be-
tween zero and one - and then stop. Call this last random variable Y.
Evaluate the probability density function of Y.

[:Zq): P,.[Eé)r:(':ﬁ»[géx}@&x*ii]
es 4 (g-EhET S eexe

o Yo.w .
’,

1= —
Afoie“"dx: petl=AaG-e

:—‘.?A:‘ {__f-l

f (7) g*C" ;of)’f:

1O'W'
/

Robert J. Marks: Il Library Archive. - RobertMarks.org
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6. Let X be a zero mean normal random variable with variance o2. Let
Y = X when X is positive and let Y = 1 otherwise. Evaluate and sketch
the probability density function for Y.

Robert J. Marks Il Library Archive.  RobertMarks.org
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7. A joint probability density function is defined by

_J A slylLeTandy >0
Fxy(z,v) = { 0 sotherwise

(a) Evaluate A.
(b) Evaluate the marginal distribution, fy (y).

\] //y:&ﬂx ;FE:(X’)/)
'/?/f////‘}/ A i
y=&
o = K=
3y S22 5=z (ry)dndy =1 “R Y
00 e
_ dx d
S A Rl
; Afwze”‘dw 2A=>hA=2
(b) ﬁﬁ(y)—, ]“ﬂ ﬁszcx,)’)dxa’\/
:K- AN
= Ej‘xw d

=T hdyl 5 lyl<d anel O
$+(r )

=~
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EE 505, E X AM t RAT peyad Lkl rfhive. Soup oA S

1, d= dosFish twi )
aé E'S:F e:tf\?e?ofnﬁré-}:sh £o,000

e . &, -
Fd F6et2+1 9=
c=catfish =$P¢ }'? P-Pemh’-bpp %/q _
Pob[ky=3, ko, ko= 1] = smarr (2)(F)°(§ Jroacs

2, My = E[X:n]: ELZ f.c x'dx = o '$ ns odd

c _ .
:‘5"5°2fo x"dx n-? N'is eves
B n#l_ _C
= ny X = n+i
.o. mn: 2n ; nOdd
Nt N N even
3| X~N(3.1) Pr-l2exey ,x>2)

i

P [K?Zj
_FPlL2exs4]
Fr L 2&3'200]
Pr '-‘:_* 3& [j
™ -] & x_—-s ,_m] ,
= of()- M,l('l) ;2 (1)

_1%(00) .U%( ! T + 1
T ORI )50

Plzexed|x>2)]

> 0.81
16P()1= 1 =¢XP(€“’ a)=>az=ebor b- .a-.cf
GYP()= L = 7P -3

= el w(oszn=€b=a

955 sefe = o0%a=y )
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ﬁxvm = C_n\ =X <=

‘FWQQO = MS\/ <=
bh'ozgihon 2 A@ﬁw&ar@% (.23
07 =

ko . waE = () fa am 2 (D3 &
(w8) fr ep% =

7= °r u -
ﬂ\Nm-w@Rr.ms T MEA puhh =

MrLCN ,&N-Jw:
T N\N*iw @N%‘ Jﬁ.. tﬁcH\Nm
TPlzExpe Xupz =2 & .
-2
> 2 =, XVUT

| = -
- - xmﬁmw ) S..l.w = NCNNN

120
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FINAL EXAMINATION

NI e s s v s w s b s 5 e x s's s 2 x s » s s 2 68 x 580

<

oy
DTSy s v v v s ow v omeow e x s voxr s o os s omowosomoEowowoA o

INSTRUCTIONS

1. Mail vour completed sxaminatiaorn to:
Dy, Robert J. Marks II
186515 Ashworth Ave. N
Seattle, WA 281l:3

Submit your work stapled and in order with this pages as the cover
sheest. Your envelopse must be postmarked mo later than June 8,

1387.

Z. Bince this 1= a take home exam, neatrness and clarity of your
presertatich are ftaken intoc account.

3.

Your lowest gquiz grade will be dropped. I additiorn, you may
glect to replace a second guliz score with your score on the cor-—
responding praoblem on this test (i.e. problem 1 for guiz 1,
Ary ambiguity or unclarity in this request will result in
igrored. Make your request, i1f any, here:

etc. ).
it being

® s @ 8 8w m-ow W E®E DR E RS EE 2 a2 ez s R ¥R T E W @R ET LSO 8 2z B O Y NS s N E DB FE RS B %W E R zE R B EE DR

4. After completing the exam, please sign the following:

it T

I have received no ocutside (human? help on thi

Bis examination
o, 1F Iohave, the names of the pecple I have consulted are

listed below my sigrniture’.

B » p » ®m ®W w8 g o®w S T B & F S X I K E FERR E R E BB N TG R E P A B

BT Se o nnc s o v mesnersssssssonsssssszssszzas
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PROBLEMS:

1. Fows integer wnumbers are to be srocded in a gerneralization of a
Hamming code. We ‘have the standard table:

B e
USRS,
ar he i
RN

The 4 integer rumbers are labeled 3,5,6,7. Iviteger 1, thern, is the
sum of integers 3,9 and 7. Integer & is the sum of 3,6 and 7 and
integer 4 is the sum of 5,6 and 7. Thus, the integers 8, 1@,3,1 would
be coded as 13,18,8,32@, 19,9, 1. Suppose, thern, 4 other integers were
z=o encoded and sent over a roisy charnmel. At the receiver, we decods
7:8,1,3, 2,5, 4. Urie of these integesrs is wrong. Find out which one
it is and correct it.

Z. R barndlimited signal, f(t), has a maximum fresquercy of E hert=z.
Assume that we sample in excess of 2B samples per second. The sample
taken at the origin, &), howsver, is lost. Show how we can regain
this lost sample from those remaining. {(Hinmt: What happerns to the
replicated spectrum when the sample at the origin is lost?)

2. The sigrnal 8 cos{wt) is sent over a linear time—invariant
distortionless charnmel. The received sigrnal is 4 sin{wt). What is
the received sigrnal when the tramsmitted sigmal is 4 sin(wt)?

4. A biwvary string of numbers codes a logiec 1 as an isosceles
triangle of height A and duratiocn T. A logic zero is the rnegative of
this. Assumimg arn equal dernsity of ores and zeros, what is the power
spectval dermsity of- this ercoding techwiguese?

. White gasussiarn moise has a uniform power spectral density of
height NSZ.  What percentage of the time does the rnocise waveform
excesd one?

&. B transmitted DER =s=ignal urndergoes a square law nonlinear
transformation. That is, the received modulated sigrnal is thes sguare
of what it should be. Is the sigrnal degraded beyvond recovery? If
not, pleasse exglaivn & process by which it can be regainsd.

7. Bill the radioman says he can use an envelaope detector to
demcsdulate FM., He says you can run the modulated signal through a
differentiator arnd then the snvelope detector. RAssuming that Bill
has am RF differentiatoce, is he right?
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EES0S Examination #1

July 22, 1987
2:20 t0 4:30 PM

Instructions:

1. Do all of your work in this test booklet.

2. You are allowed one sheet of written notes and a calculator. A table of erf functdon

values is given below.
3. Each problem is worth 20 points.

Table 31 erf x = ——

1 J
N2

1
-yl‘vz ;= G ; —_——
e dy (x) 3

name

score /120 pts.

X erf x X erf x X erf x x erf x

008 0.01994 0.80 0.28814 1.55 0.43943 2.30 0.48928
0.10 0.03983 0.85 0.30234 1.60 0.44520 2.35 0.49061
0.15 0.05962 090 0.31594 1.65 045053 2.40 0.49180
0.20 0.07926 0.95 0.32894 1.70 0.45543 245 0.49286
0.25 0.09871 1.00 0.34134 1.75 0.45994 2.50 0.49379
0.30 0.11791 1.05 0.35314 1.80 0.46407 2.55 0.49461
033 013683 1.10 0.36433 1.85 0.46784 2.60 0.49534
0.40 0.15542 115 0.37493 1.50 0.47128 2.65 0.49597
0435 0.17364 1.20 0.38493 1.95 0.47441 2.70 0.49653
050 0.19146 1.25 0.39435 2.00 0.47726 275 0.49702
0.55 0.20884 1.30 0.40320 205 047982 2.80 0.49744
0.60 0.22575 1.35 041149 2.10 0.48214 2.85 0.49781
0.65 0.24215 1.40 0.41924 2.15 0.48422 290 0.49813
0.70 0.25804 1.45 0.42647 2.20 048610 295 0.49841
075 027337 1.50 043319 225 0.48778 300 0.49865
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Problem 1: In Lake Washington there are 10,000 Catfish, 20,000 Perch and 30,000
Dogfish. The Dogfish are twice as hungry as the Catfish and the Perch. Olie went
fishing and caught 4 fish. All the fish were either Catfish, Perch, or Dogfish. After Olie
caught each fish, he set it free. What is the probability that three of the fish were Dogfish
and one was a Perch? Express your answer as a single number.
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Problem 2: Compute all of the moments of a random variable that is uniform over the
interval of -¢ to ¢.
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Problem 3: The diameters of apples grown in eastern Washington is modeled as a
Gaussian or normal random variable with a mean of three inches and a standard deviation
of one inch. A sorting machine rejects those apples whose diameter is less than two
inches. After sorting, what is the probability that an apple has a diameter between two
and four inches? Express your final answer as a number.
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Problem 4: A random variable has a moment generating function of exp[exp(s+b)-a]
where a is a given parameter.

(a) What is b?

(b) Compute the mean and the variance of this random

variable.
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Problem 5: The random variable X is uniform on the interval of minus one to one. Let Y
= exp(-2X2). Compute a numerical value for the mean and variance of Y.

Robert J. Marks Il Library Archive. = RobertMarks.org
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Problem 6: Let N be a positive odd integer other than one and let X denote a random
variable that is uniform over the interval of -¢ to ¢. Compute the probability density
function for Y = XN,
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mini quiz one:

Baseball player A has a batting average of 0,300.. Batter B's is ,200,
Manager C rolls a die, ~If the result is a three -or a six, then batter

B bats, Otherwise, batter A bats, The batter gets a hit. What is the
probability that it was batter A?
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mini quiz one:

Baseball player A has a batting average of 0.300 . Batter B's is .200,
Manager C rolls a die. If the result is a three or a six, then batter
B bats. Otherwise, batter A bats, The batter gets a hit. What is the
probability that it was batter A?

Solotion HE= HIT

Pl#)= P(#[AYP(A) +P(n[B)P(8B)
=0.3) (%) +c0.2) 3
- 0.2 ‘5‘;4967

P(H,A)= P(#[A)PAY+P(A|B)P(+)

=> P(A/H‘)-': PU;’?LflA) Q—"»Bayes

_(0.320) 35
T 6.2¢cc67

or 75?0

= 0,75
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L
)
mini quiz #2 e

€.
w”’" la®

You receive 3 cards¥from a standard deck of 52. Find the probability that:
(a) ...at least two are clubs.

(b) ...at least two are of the same suit.
(¢) ...one is an ace and two are kings.

Robert J. Marks Il Library Archive.  RobertMarks.org
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mini quiz #2 o h enl
“”rcﬂ“"m

You receive 3 cards’ from a standard deck of 52, Find the probability that:
(a) ...at least two are clubs.

(b) ...at least two are of the same suit.
(¢) ...one is an ace and two are kings.

(ai Three repeated Bernovl]i Trials,
| ‘ , ,
| p= 4
1

Pr[2 are clU’bs or three qQre c_lust

(3)qu + (2) P3 ° =3(Y4) (3#4) +('/‘1)3=€o.156

|
(b)l 2 [at least two are of the same su;t] 65
eY
= Plat least 2 are clubs] ‘(\":’eoa\\jd@)
+PL v ot diamends] aloelst
+ P = ) 0" P he.artsj e AC )
+ pL 17 o ey IT] SFades.J :
=‘Jxo.ﬂ5’e=o..4,25 |
(€) Partition: @,= ace , Q,= king ; Gz=other
Pi= 1 /13 , f’ = '/l3 Pt F3="/:3

Prlkyet, k=2 kg= ol= riier pl pZpS

= 3('/i3 )3 Z0.0013655

|
!
|
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FINAL EXAMINATION

INSTRUCTIONS:

1.

2.

3.

-

Mail your exam with this page as a cover sheet to:

Dr. Robert J.._Marks 117"
16515 Ashworth Ave. N.

Seattle, WA 98133
Exams must be postmarked no later than Monday, March 9th, 1987.

If you want the graded exam mailed directlv to you., include a self
addressed stamped envelope. Otherwise, the exam will be returned to
Cogswell.

Please sign the following:

"I have neither received nor given any information concerning this
examination or if I have received or given Information, the details
of this exchange are given on the back of this page."

X
(sign)
(print vour name) (cate)
Heztness and clarity of the presentation of vour results will be taken
into &ccount

EXAMINATION PROBLEMS:.

1.

[62) [Ga)

~J
.

A family has three children, none of which are twins or triplets. What
is the probability that all three are born on the same day of the year?
What is the probability that all three are Dorn on the same dav of the

vesr and -2ll three are Loys? What 1s the probability tnat two of the 3
are bovs both born on the same dav of ths wear?

Troblar 3-3 in Tarnculls (n.80).
A Poisson process wita paramster A= 2 occurances per aour is odserved for
one' half ¢of en hour. What is the probability that the number of occurances

exceeds two given that the number of occurances exceeds one? Give
a single humber for yvour final answer.

X7

X and Y are independent random variables. Both are distributed uniformly
on the interval from zero to one. Let Z = XY.

(2) Compute £, (z).

(b) Tind Pr(Zz<1/2).

Problem 7-2 in Papoulis (p.170).

roblem 8-25 in Papoulis (p.202).

Problem 9-1 in Papoulis (p.258)
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Final E’xa mination

have

e to

v .

it 1 70
iy i
known)

A
Pr [

Pln

name
Seore e
1, Prob 5-3
2e pf‘Ob 5"q
3. Prob 8-23
Y. Prob 8- 2“!
¢. A d:screte stochastic Process X (n)
i s narmal:%eq!% to y(n)- A X(n)

ssum i
meam am

before
ory . We wou ld
<4 to avoid

i

]

X“‘
that X(n)
\!m X(n) =
se that

ly(m] 2 1]
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£ i .

Instructions:
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Do all of )'0ur~ worlk in this test book let,

_Tg-ra es cam be %‘l\!e.n ove r thec’: hone).
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Pl

Name

Score

Instructions:

Closed notes closed book.

Two sheets of notes (stapled) and 3
calculator are oka)r |

lest Bime : 3:290 toe Y:20 pm shar‘F.

All preblems are e7ual!‘y we'ughtec!.

After the test ss ‘gr—aded on camFus
studen'ts can heir test' =
grad es st sl LD i (No

students wilP have their t

%

of malkin man)/ beoks
there is no“end; and

muc,h StUdy s A weamncss
o lesh”

Ecel 12112
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_2-

P3

1 .
' Let X denote an N dimensional

vector of ii1d randem variables

[ v

with mean 71 and variance G’f‘
e, PERIRIN 3

Let Yy - @X where A is some

t 1€

given N b)' N matr*?ix)

N
Y’m‘:' Z &Mﬂ Kn 3 iém;é
n=1

For !arge I\i)'est'smate_ the first
order dens:'nt)/ of Ym, as well as

1ts mean and exPemteol valve.
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- Y-

The Jo‘«nt Probab}ﬁity dens}ty fanction:
frr(ay): sy*e™ e 2% uayuly)

has 3 margmaf dems&t}/;
fo(y)y=aye™" Udy)

Given that Y= 1t/2, what is 3 g—aod
estimate of X 7 [U’(')'J unit step}
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..,\5’..

PL

The st@chastuﬂ; process X(t) 1 s
defined by,

-t
X(+)= 1 + t e -

wkere the randem variable o s

vNi c»r\mdy dastrsbwtad on (A 1)
Conside/r the random variable

@

1
F = fo X (£)dt

Given that is alsoe uniform on (on)
and tha+ and X 8re 3maleFendent-J
cfam!:oute:

- 7,=ElZ]

Z
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P7

‘Hector Gleason manuyna,c:tur’es fixed

requency oscillaters,
un"t.‘s

tM(wt)U(t) where w

!

18

 frequenc

‘ aC.C. f"dnn t

I h
¥

awas the same,
wauve rer

?@saaﬂatoh

15 +h

Two thirds ef his
work, When turned on the

l"*esf:»and

fixed

The ather oene +hird Pfizzles

o e *tuU(t) where «

Let X () be the
we ocbtain from a GCleason

(a) What is the firss awder- da.nsaty)

|
|
|
|
|
|
|
|
|
|
|
|
i

|

¥

:?

(1

I X(t)
(b) What is the cor‘relatuon Lonction -

«, 1.
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\ - = Jl.‘wf fliz(x,!xz) X, ¥, dxdx,
| where X (£)=X, , X ()= X; and

5(’12( i, X2) = ﬁX(&.)QXT(‘f:z)

(X. , ij t,/tz_}
Now: . ; |

£ (x,,%2) £2(X;)X2 ¥ - thU{t)) B-[X‘:M%Ut Uzel]
| + (%, .| X= e Ul)) P X = @ rt]
’. "2%5(X,--th,v(t.}) §(xa= aon wit, Ults) )
Eand- +E£ 6(x,- e M Ue)) 6(x,- e 5 U.))

', R(te,tz) = (%“' m@t,)m@ltz> -
. €~o((t,+t:.)J oo

!
e )
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| eats oniy chili-dogs and olive
pizzas. Chili-dogs give him heartburn
1070 of the time. The olive pizzas 3re
worse. They give him heartburn 207
of the +ime. RBill eats twice as many
chili dogs as pizzas. Bill has heart -
burn. What is the F»obabilit)/ it
was cauvsed by 3 chili-dog-?
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The random var}abﬁe,X_‘)
total time a l:ghtbulb is
S$onctional given that it wss
turned on a3t time = O. Assuome

Lxi-xe  prx)
Sufapcse +that the bulb war\ked
te Eime & Bind (%] X oF )
and note the !ig-%tbulb is as
good 8s new.

is the
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EEE05 Finz |

Part 1 | Name
Toes, 8-14-84 Grade, /100
noon to 1 P.M.

1 Case the baseball Pla er, has a

] )’J )’ J

batting average of o.300 (<, p¥o.3
in 3@ Bernoulli tr‘iaf}, Estimate the
prebsbility he gets over 850
hits (successes) in his next 3000
at bats (trials).
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pa3aqlsasip xﬁmuﬁcw_u.. £ vcmvcummncm = pit

v

() Mu.amecou .ﬁuﬁi Vo...@n..\xm nﬂQWN@ || 223y

4 4

“X
N 21=u 7 e Xizk = (%) %
Al /o

I =U
‘pll dup S YV oaya Duosym Yo — N - o)
pituE S X 2y3 2u3ym YX 2 N -y 397
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N

Define A':'ﬁ”?-Xﬂ where the X,'s are

=1

iid with unit variance and zero mean.
| Cmm?wtﬁ a lower bound on the
Prcbabiﬁ’-t}/ that A lies between
-3 and 8 where 3>0 is spcciﬁied
and N is not 5arg-e enough te BFP;}/
the centra| |imit theorem,
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EE505 Final Name

Part IT Score /oo
ThUT‘wS) 8‘!‘%'.8”"{ A '

noon - 1 fa.m.

1, Let Y be = g3auvssian r~andom
variable with mean 71 and variance
&2 Deline the stochastic process

X(’t>:Y Lor all &,
QOM?Uﬁﬁ:
@) 7, ()
(B) R, (t,,t2)
(c) Cr (£,.t,)
(d) varv X (&)
€©)Is ZT(e) wss ?

RobertJ. Marks I} Library Archive: .~ 'RobertMarks.org 165
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X(t)i1s a WSS stochastic process
with 8 first order dansiz’:y:

| =67 U
and auvtocorrelation:
What percentage of the time will
X(t) exceed 47

Robert J. Marks |l Library Archive. - -RobertMarks.org
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Recall the differentiation of the Poisson
process: ‘ | Z(e)

X (x)

we showed thet FE[z()]=) a nel tﬁfaa“ﬁ:—
Rz(T)= A2+ A §(n)
Te Z{x) mean &Pg@cﬁic? S how your work
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Let x(z) be stationary white noise:
R, (1= 9 6(1) 4 72,=0
- o0 —dwT
X)= [ xt)e @ de

(a)Compute the autgaorreggti@n of X(w),
{b) Is ‘K(W) WsS (VJ}ﬁ& sense stationary)? -

Let:

Robert J. Marks Il -Library Archive. - RobertMarks.org ) 168
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Ute)

/'-v
s

" Fill in the blank.with
£t . the best Waveform,

Use an answer only once,
No guessing penaity

,;M.._
::\_, SN~
\\\
e
:W
)
B
=
—
SN
| ——
y

C‘r‘*

2 1/ \i"ﬂ\fﬂ / (@)mcf'@asmg
CYUTT g Y w -~ mean

\[ Ub L & VU ! (b)inc:reas}ng

variance’

rwss

(d)constant
- mesan

(e)constant

- Variance
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Solvtions EE 505
1. Let ¥ beta gauss%ah random
variable with mean 7. and variance
&2 Deline the stochastic process
X(t): Y §OY‘ a“ ®
Computﬁ;
3y 7, ()
(6) R, (t,,t2)
(C) CX (tlitlB
(€)Is X(t) wWssg ?
@) A= EX=ET="7 .
. R (e ) B[] o n®
\ , @:)'«»-,;»: (7!3 ta) p (’&ntz) ?Z 0’2
| (d)van X = Ci(e,t)= 0%
(e) Ye 5/

Robert J Marks I} L|brary Archive. . -RobertMarks.org
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X&) is a3 WSS stoChastic process
with a ?:r + order dﬁn%aty

af (x)= e Ux)

and autccorrmaté’:mn"

| g:('?'} - @mi?’g
What percentage of the time will
X(t) exceed 17

ga[utm”

| e
[X(t)?.u J, e dx
- @}-x 1;9 =e 'z 26,970

(inc}egman.c?@nt o QE‘.’}
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?fgfai,{s,sthe di ﬁﬁerent:atmn @je the P@:Qsan

T a1t Ittt
| =

we showed that E[z(t)]]=) and thae
Re(T)= )24 4 §(r)
Is Z{) mean @rg@dic? S how yovr wor k

U’ﬁ (o7 %3 ﬁ_u'fj Jalgmﬁ Condition _for. ';_;,M,_~¢

M_“MM/ @a;a er@’od:mt)' is Z(t)is wss
(o ome O Ctni|dr e

Since  Cz(#)= Ra(m) -7
= 60T,

—  [llcimildr=A<s

yess/ Z :"5' mean ergcd{c.
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Let }f{é:‘y be ‘stat“ionéf‘“}’ W%Et@ noise:
;;;;;;;; ‘, . Qx(qv): 9 &(’i"} ; ?Z.'%(:O
X(o)= [ 7 x(e)e e

(Compute the autqﬁorreiaﬁf:ion of X(WD@
(b) Is X(C—O) WSS (W3d€_sense stationary}?‘

%I}Jﬁt) 15~ W.;‘S_Sy_tham_fﬁf{ww -

Lo | s white with
C | Ry (uy v)= 2t SCP SCu-v)
" Sz LD R(mye?¥idr

:::q |
= Ro(u,v)= 2T g & (u-v)

) Ycis,‘ RXO‘,‘) - Qwﬁ 6((_4 }

|
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- Uk)

/ i
\ \( \ Fill in the blank.with
Z(t) | - the best wovelorm,

~ Use an answer only once,
- No g‘uesséng peﬂaity

e
VLN’% /i/[:ﬁi/} Un /‘//) i\jﬁ / (8)3%22353”%‘ Xte)
PPV o perading
7 man =
©IWSS %i }g&;

(d)c t.
)C%?ésaﬁn't“ V&}

(eyeconstant v
variance _ U{&)
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DEPARTMENT OF ELECTRICAL ENGINEERING
University of Washington

EE505 Name

Midterm

7/24/84 Score / 100
Instructions: 1. Each question has equal weight.

2. The test is closed book and notes. You are allowed
one page of notes.

Please do all of your work in this test booklet.

The test will begin at noon and stop promptly at 1:30.

~w

Problem 1: Multiple Choice (No guessing penalty)

A density function is equal to sz for 0<x<1 and is otherwise zero.

Answers: (a) 0 (e) 3/4 (1) 2]/3
(b) 1 (F) 3/5 ) 2713
(c) 2 (g) 21/80 (k) 37
(d) 3 (h) 3720 (1)  None of the above

Questions: Use letters from answers above.

(1) ¥ SCRUORTONEE.
(11) mean = ..oviuenon.
(iii)  second moment ...
(iv) variance ........

(v) median .....veun.
(vi) mode .iiiiiiann.
(vii) YANGE wevvvninnnn

Note: An answer can be used more than once. Only your answers above
will be graded. ‘

Robert J.. Marks 1} Library Archive. = ‘RobertMarks.org 175
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EES05 - Midterm Page 2

Problem 2:

A Bernoulli trial with success probability p is repeated until there is a
failure. Let X be the number of trials. Find P[X=x].

Robert J. Marks Il Library Archive.  RobertMarks.org 176
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EE505 - Midterm Page 3
Problem 3:

0 is uniformly distributed on (-n/2,7/2). Y = sin o. Find fY(y).
1

e TN
Hint: Ix aresin x = (1-x7) ~=.
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EE505 -~ Midterm Page 4

Problem 4:

A joint density, fXY(x,y), is equal to x + y on the unit square
(0<x<1, 0<y<1) and is zero otherwise.

(a) Are X and Y independent? [ | Yes

[ 1 No

(b) Compute P[Xl<%-|Y = 1]
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EE505 - Midterm Page 5

Problem 5:

X and Y are independent gamma random variables both with parameters b and cC:

b+
< xb exp(-cx)U(x)

Let Z =X+ Y. Find fZ(z)

Hint: o, (u) = (1-jcw) -1
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Solu‘&q:o{)s 5o mwjterm ’ 7/2'1 Vg:
X

- c frxy ) JAxTdx=1= A ¥ x%|o= §$A:3 |
, . () 3f' x = 3q =2

o ] (i) 3,};')"4&”‘:’%"’(;];: 3/ =>_f

Gy o= 2 - = 6 W:a"/sfo = £

{v) 3}"” 2d x 31‘ chlX”‘Lgv Xalo < xsll

M= 1-m3 = 2m3z | Sm=(1, Y=

va) Clear'ytmax as@ X=1 => | (/z) 2 = ~>_—d'-_—
(vii) Clearly, 1 = |
. 2.F[x=1]=q p,.[x, qj:f’a‘?
. P'[X-Z] P9
Pr£X~3j P27 Pr[_r-— Xj P G]ézg'eome{:rcc

3. Y-—M@ = @ = g (2’)- éStme_t{f increasin g
ﬁr(y)-— {%,11;@) g o )

’P@(Q) i 1191476/2. = folawy)=gzw jlac 71""72 |
‘ot herwise O . otherwise
. y géo ey i
‘ ‘ 7 > LA, y<1r._:> .-l(_ < |
".”72 : = -'( : 7
T— x—g' ) Thos 'p:i’()')

®

| ~4-1
Yea)No! (b) Fxlx/y)= 7czr¥("py)/ﬁyCy)
;-I(Y) fo(x+Y\dx ?*YX‘O: “'L"-l-y

.'Px(xlf)- f—:{l on +he omt S?Ua"f glver)

{r‘—‘z‘ 5 yl<i

otloe " wrse

P’ _l__ Vi ______Y__ :X 2/ . vk
(retlra 1a B £ ax], o2 e
=S (E ot Sl gy s 2 remeg

A

| @Z(w) ¢ (w3§z(w) (1-dew) _(l-oiau)
«-cl«aracter-nstac #unct:on cma g’amma | gl V w:th
parameters 2b+r1 ¥ c. Thes

Czb +2 obe _
ﬁz(z): F(Zbk“"Z) X 5 =X U(X)

Robert J. Marks 1l Library Archive. . .- RobertMarks.org 180
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Selvtions EE 505 midterm | 7/24/5y
Ax*=

) ! 2 -4 - <L 30': —A—-_—.>A.:
/. 6 e x) ()};,A;\x dx 1—A3X’ 3 d3
X (4'41)3f xHx= 3q =

e | (m) 3fo x%dx= —'=’—x""] '3/5=?-—'£~
- 32 ¢ - 2] &
R R T O

(v) 3]' x2dy = Sf XzJX“L=§>X3| s w I
Moz i-m3 = 2m3= ) Sme(p)F=27E = )
(v4) Clearly,max s @ x=1 => E
(vii) Clear—l/ 1 = _|
2. PFEZ=_LJ:C7 P',.Exij.—.l:;3ci

P’£X;3J:Pz? Pn"[,x—v Xj P q.ﬁzg'eometrlc

3. Ysta®@ =09-= g‘ (T)_A—on«., <—-=Stmct’/ increass ng

'I,_Tl)

Felyy= 4%—113“@ (g't)) -

ID@(Q) i T ez = tpo("‘“‘)’) iz‘" Sl 114"72

‘ot herwise ot herwise

yg‘(x) -
A Teaua'ye T = Sl ye

'T?z s x=g"'y)  Thus V4T
T = fr(y)s ﬁtyz‘ ; lyleld
“170 (&) ,otl\erwvsc

deayNo! (b) fx(x/y)- 'PX'E(":Y)/&(y)
fely)= L(stdx Loyxlls Ly
Jpx(’(/}")—- -&;:—i on the unit s7uar'e iven

P[X’"Llf—‘?] J"’z_.ﬁ.% [ ;‘*f(xm,«w | )ydx

3 (5 oIt 2’%%‘“%&5‘%”& ber)-
5. - b-% - ~Gb+1)~I
é'z(w) ¢ (w)@iz(w) (1-jew) I -(l—dcw)
=z=characterigtic 'punc_‘tnon oﬁc gamma v, vuath
parameters zb+1 ¥c. Thes

CZB‘Q’Z 2b + +] -
fo(z)= Flzbez) X e =" Ulx)
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- events satisfy equation 4 of Definition 2.7.3. but not equations 1, 2, or 3.

Robert J. Marks Ii Library Archive.

: 2&7&

1, One fair coin is flipped 2 times. Are the 2 events

B A: a head occurs on the first flip

C B: ahead occurs on the second ﬂfp
independent? Y& & T
2. A fair coin is flipped 2 times.. Let 4 be the évent that a head occurs on the first
flip and Jet B be the event that the same face does not occur on both flips. Are 4
and B independent? f €¢ oo 4
3. An urn contains 4 balls numbered 1; 2, 3, 4, respectively, Two balls are drawn
without replacement. Let 4 be the event that the first ball drawn has a 1 on it and
let B be the event that the second ball has a 1 on it.  Are 4 and B independent? §
4. If the drawing is done with replacement in problem 3, are 4 and B independent?

5. A pair of dice is rolled | time. Let 4 be the event that the first die has a T%}iﬁit,
B the event that the second die has a 6 on it, and C the event that the sum is 7. Are
A, B, and C independent? N O
6. A fair coin is flipped 3 times. Let A be the event that a head occurs on the first
flip, let B be the event that at least 2 tails occur, and let C be the event that we get
exactly I head or that we get tail, head, head in that order. Show that these 3

7. Prove that if 4 and B are independent, so are 4 and B,

8. The probability that a certain basketball player scores on a free throw is .7, If in
a game he gets 15 free throws, compute the probability that he makes them all.
Compute the probability that he makes 14 of them, , What assumptions have you

made in deriving your answer? Co‘-?) i5 'Y (35) (0'7 ) 14 (0.3 )
9. Three teams, 4, B, and C, enter a round-robin tournament. (Each team plays 2
games, 1 against each of the possible opponents. The winner of the tournament, if

there is a winner, is the team winning both its games.) Assume that the game played
is one in which a tie is not allowed. We assume the following probabilities:
‘ P(A beats B) = .7 - k
P(B beats C) = .8
P(C beats A) = .9.

Compute the probability that team 4 wins the tournament; that team £ wins
tournament. Compute the probability no one wins the tournament,

0.0‘7' 0'2‘4 2 0'51

2.8,

the

1. A fair die is rolled until a 1 occurs. Compute the probability that:

(a) 10 rolls are needed (ggd; 2 q(‘t‘ ) / /2‘ ‘

(b) less than 4 rolls are n
(c) an odd number of rolls is needed. § / 1

Robert J. Marks Il Library Archive.  RobertMarks.org

dice). Compute the probability that

RobertMarks:org

2. A fair pair of dice is rolled until a7 occurs (as the sum of the 2 nik. uers on the

L

(a) 2 rolls are needed 5/3 &
(b) an even number of rolls is needed. oY / 1}

3. You fire arifie at a target until you hit it. Assume the probability that you hit it

{5 .9 for eath shot and that the shots are independent. Compute the probability

that:

(a) it takes more than 2 shots. ©.O }
(b) the number of shots required is a multiple of 3. § / 1 ;

4. Hugh takes a written driver’s license test repeatedly until he passes it. Assume the

probability that he passes it any given time is .1 and that the tests are independent.
Compute the probability that: 4
(a) it takes him more than 4 attempts CO. q ) 10
(b) it takes him more than 10 \a_t/tempts.(o ﬂ’
5. A traffic light on a route you travel every day turns red every 4 minutes, stays
red 1 minute and then turns green again (thus it is green 3 minutes, red 1, etc.),
with the red part of the signal starting on the hour, every hour.
(a) If youarrive at the light at a random instant between 7:55 a.m. and 8:05 a.m.,
what is the probability that you have to stop at the light ?3[}0
(b) If youarrive at the light at a random instant between 7:54 a.m. and 8:04 a.m.
what is the probability that you have to stop for the light? 2.} D ‘
6. The plug on an electric clock with a sweep second hand is pulled at a random
instant of time within a certain minute, What is the probability that the second
hand is between the 4 and the 5? Between the 1 and the 2?7 Between the 1 and the

&7 L L &
’2/ 39:,’5

12 L

7. A point is chosen at random between 0 and 1 on the x-axis in the (2, y) plane,
A circle centered at the origin is then drawn in the plane, with radius determined by
the chosen point. Compute the probability that the area of the circle is less than ©
8. A 12-inch ruler is broken into 2 pieces at a random point along its length. What
is the probability that the longer piece is at least twice the length of the shorter .

piece? 2/3

182
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12. Given. _as probability density function

i fx(x) =1,

= (0, otherwise,

gg{ﬁ:‘ég} c €99
" ""??,*’?%ﬁ%ﬁg
V,t2ic0

99 <o < 100

derive Fy ().
13, Y is a continuous random variable with v
D) =20 —1), 0 1 -
fr®) =201 =y) <y < @«Q»ﬁ%mj

= 0, otherwise.
Derive Fy (t). : ‘ tu{eyuls- ‘%;;%

14; Z is a continuous random variable with probability density function

fz(z) = 10e710%,

=20

>0 ~
(1-e”

+
' otbgrwgss. /} u {ﬁ“j

Derive F (1)

EXERCISE 3.3.

I If -
Px@ =% ©=24,816 '
0, otherwise

i

compute:

@ g 'R © En/x '5leq

(e) ox®and oy,

) E(x*] S5 (d) ER2%/2 1272 , 11S
2. Suppose that fx(@) = 4, =1 <w® <1, compute:
(2) ElX] & @ EX+Y 2 © ox? %
®) B4 (@) BLX[4 +7] 77 @ ox.
3. Given |
fx@ =201 =), 0<e<!
. = 0, otherwise,
compute; ‘ ,
@ Ex] & © BIX + 108 2 @ o 5
(b) E(x?¥ %; ‘ (@ ENQ -X)] 2. ®) ox.

4. Show that E[X — pux] = 0.

Robert J. Marks iI Library-Archive.
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6. Suppose that N
s FU(t) = Os t < 1

= log, t, I <t<e
=1, t >e

find the median, o Vs

K

F(1) =0, te?
3 ' = 2‘ - 1’ 0 S t S 1
’ = I’ > 1»
find the median. ,,gﬁ,@%ﬁgﬁ;z

10, The adult height of a 3-year-old boy is equally likely to fall in the interval from
5 feet 6 inches to 5 feet 11 inches. What is his expected height? « * & ;?éf e

EXERCISE 3.5.

1. Let X be a random variable with distribution funiction Fy(t) and let ¥ =
a + bX where b < 0, Derive the distribution function for ¥.

2. Suppose that b = 0 in problem 1 above. Derive the distrib

defined as in that problerm, ution function for ¥,

3. Given . »
Fx@W-=07"", 1< —1 '__L
_t+1 . Sr(‘t): 4 3
B 2 ? —.IStSI ;,3.5_&_‘;7
= 1, t > 1’ N

find the distribution function for Y =

15 4+2 o o
4, Suppose that + 2X and the density function for Y.

Fyp(t) =0, <0

=13’ OS"SI
=1, t>1

an'dletf2'= W = 1. Find F5(1) and f,(1), ‘[‘2&)3 3(t+!)z; ‘,,ét‘éo.
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EXERCISE 4.4,

5K ¢ < —10 fn:[t) =77 6(t +129)

Fx(t) =0, ’ -
1. Suppose that X is uniformly distributed on the interval (1, 2) and we
1 —10<t <0 ; , ; » construct
:r eS -+ —,é_' sét "’5{}} a square having sides of length X. Derive the probability. density function of
‘ =3 0<t<10 - '{T 8 ('t - :%ﬁ;% Y = X2, the arca of the square, and compute P(Y > 2), l/Z\/t ', 2 = VE‘)
=1, -+ 210, 2. If Xis )miformly distributed on the interval (1, 4), derive the density function
\ ) ‘ = Yl/2 '
find the distribution function for dz=xl 2% S
.' U =17X — 50 and py(u). : 5. Suppose that quarter-pound bars of butter are cut from larger slabs by a
6. If , machine. We assume that the larger slabs are quite uniform in density; if the
Fp () =1—et, 120 ; length of the bar is exactly 3% inches, then the bar will weigh } pound. Suppose
_o. i <0, that the true length X of a bar cut by this machine is equally likely to lie in the
' =% ’ interval from 3.35 inches to 3.45 inches. Assuming that the lengths of bars cut by
find Fy(t) and fx(t) where X = 2Y — 7. : this machine are independent, what is the probability that all 4 bars in a particular
10. Let : L pound package of butter will weigh at least ; pound? That exactly 3 will weigh at
' : . Fx(t)=0, <0 i least Lpound? @. 2L o . H22 : |
&‘ & 2 t‘. A e L J |
= {, 0Lt < i r\ ‘ O & - B . e “'A
2 =1, t>1 2Vt | FZ&):Q-’Q ? |
N : , ' ’ ‘ 6. X is uniformly distributed on (0, 2) and Y is exponential with parameter 4. |
and find F ) and f,(r) where Z = X& Find the value of 4 such that P(Y <1) = P(Y <1). 8. 6F ,
1. I ) [ < —1 o ‘ 7. Calls arrive at a switchboard according to a Poisson process with parameter
, - Fx(t) =0, - 4 = 5 per hour. If we are at the switchboard, what is the probability that it is at
: it i i<t<l , least 15 minutes until the next call? That it is no more than 10 minutes? That it is
. & P I ' exactly 5 minutes? '
=1, > 1, 8. A newsboy is selling papers on a busy street. The papers he sells are events in a
. 3 Poisson process with parameter 2 = 50 per hour. If we have just purchased a paper
EXERCISE 4.3, : from him, what is the probability that it will be at least 2 minutes until he sells
‘ o another? If it is already 5 minutes since his last sale, what is the probability it will
1. It has been observed that cars pass a certain pointona rural road at the average be at least 2 more minutes until his next sale? @,] ¥ 2 O ?! 88 2{
rate of 3 per hour. Assume that the instants at which the cars pass are independent : . , . ) . / i
and let X be the number that pass this point in a 30-minute interval. Compute 91; Xis 2umfom21 on (—1,3) and Y'is exponential with parameter 2. Find 4 such
PX=0,PX22. ©.223 ° O.49422 ' | Ny ol V3
10.X is geometric with parameter p and Y is exponential with parameter 4, Find

2. It has been observed empirically that deaths per hour, due to traffic accidents,
occur at a rate of 8 per hour on long holiday weekends in the United States. Assum-
ing that these deaths occur independently, compute the probability that a 1-hour
period would pass with no deaths; that a 15-minute period would pass with no
deaths; that 4 consecutive, nonoverlapping 15-minute periods would pass with no

deaths. p 0O OB, ©,1353 , O. O '
3. It has been observed that packages of Hamm’s beer are removed from the shelf

of a particular supermarket at a rate of 10 per hour during rush periods.. What is

Asuch that PX > D) =P(Y > 1. = Z, ( -

11. We are given a Poisson process with parameter 4. We begin observing the
process at time zero; let S be the time until the second event occurs. Derive the
probability density function for S.  ({ = 2 & 1 “Y=

the probability that at least 1 package is removed during the first 10 minutes of a
rush period? What is the probability that at least 1 is removed from the shelf
during each of 3 consecutive, nonoverlapping 10-minute intervals? ¢ 9/ 3 { }»}2
4. At a certain manufacturing plant, accidents have been occurring at the rate of 1
every 2 months. Assuming that the accidents occur independently, what is the
expected number of accidents per year? What is the standard deviation of the
‘number of accidents per year? What is the probability of there being no accidents {
in a given month? ¢ A , 0.6065 | K
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EX ISE 45,

1. Assume that the time X required for a distance runner to run a mile is a normal
random variable with parameters # = 4 minutes, 1 second and ¢ = 2 seconds.
What is the probability that this athlete will run the mile in less than 4 minutes?

In more than 3 minutes, 55 seconds? : ‘?’:;
0.3085,0.97% 7 - =

2. The length X of an adult rock cod caught in Monterey Bay is a normal random o
'

variable with parameters ¢ = 16 inches and o = 1 inch. If you catch one of these  ? V ® ' o
fish; what is the probability that it will be at least 14 inches long? That it will be & = e 8 g
no more than 17 inches long? That its length will be between 12 inches and 15 ;%ii Y % ‘9 2
inches? 0. 9773 ., o, $Y4|3,0.1587 £ ;‘2,: S 3
3. If Z is a standard normal random variable and we define U = |Z|, then U is = i 2 v
called the folded standard normal variable. Express Fyy(1) in terms of K (1). . ; ‘:‘; - k —5
[y ) . . . =y d
4. Suppose that we are given a target with a vertical straight line drawn through its g i > |
center.. Let us assume that if we throw a dart at this target and measure the distance g o~ g -
Z between the point we hit'and the ceriter line, then Z is'a standard normal random o é’ g ~ . E
variable (if the dart lands right of the center line the measurement is positive, if it NS o < 8 =
lands to the left of the'center line the measurement is negative). Then, the distance S ’73 %’ o | g E‘
from the point we hit te the center ling is |Z} =U; the folded normal random - g § I ] s g
variable defined in problem 3. Compute P(U > 1) and P(UJ < %) 0,3;47} 0.2% 30 g & = 8 8 © g“
- - = > o -
es ,_g @ IS 8 5
o 9 = X E
#7, Show that = N . 6=
9 5 % o 3
e I =4 6 (=} Q =t Ig& - 5 g
g lw=p)?o0? dr =1 © s - N o g &
—w 0Y2n , o & © I (S
/ £% S £
for any 4 and for ¢ > 0, (Hint: If 1 =i - R 85
g § AN g 2
© 1 e N 5 o
A =f ——— o= {(2—p)?/20? d, & 3 } e
T 0 0V 21 .2?'“"5’ s = xY
then . E = oS 5
v S5 = 9 =l
© 0 i T . (7o) D= = o 5 5
A2 = 5 e (B2et~tu—i¥20? gy gy - F: & Mg
e O 8). — OO 2n0 8 9. g.b a.'d
= = )
let u = (@ — wfo, v =y = wle, and transform to polar coordinates to show - M 58 2 §
A? = 1 which implies 4 = 1)) B oER K3 £a
(S o B S8
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5@/0’6‘f0 .S

Three dice are rolled. Consider the following events:

The
The
The
The
The
The
The
The
The
You

A:
B:
C:
D:
E:
F:
G:
H:
I:
J:

f e o 1 0g

outcome on
outcome on
outcome on

sSum
Sum
sum
sum
sum
Sum

of the
of the
of the
of the
of the
of all

the blue die is odd

the red die is even

the yellow die is one

red and yellow dice is even
red and yellow dice is four
red and yellow dice is five
blue and yellow dice is three
blue and yellow dice 1s two
three dice is three

will pass the test

the notation:
mutually exclusive
independent
one event 1s @ subset of the other
none  of the above

classify the following event pairs:

A and B

A

B

and

and

and

and

and

and

and

and

c

<

~0 -

$Ince PP[‘O!B] =

o R

el |

EE T 7 T

wnownN

@ O
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Compute the distribution function, F (x), for a Rayliegh random vam.able
with parvameter .

—x=

TD.XI(X): Afz C za= L/(x)

FZ(X): _i__(:,i//\%e” §2/2:a<213

e _=3fx=]” w
"dze, | e J

. .;xz o2 | 1 . |
= =li-e Ze=t] U ey
5;6’)68 F'_g; (OO‘):” 1

C = cons ta né

EX(X): {[ — e»xz/?xi U(X)
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Let X be a Laplace random varisble. Define Y = U(X) where U()

Find the density function for Y. }S the unit step.

‘ x
C/carl/// ) F X;?O/ Y= 4
X <o, Y=0

/AUS hald the mass goes to EEero

andd ha lf to ene:

VES
\

or

fz.()/): S()')% = g()l‘—l)
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CONSIDER THE TRUNCATED CAUCHY DENSITY:

Fy(x) fs{xz F1)™h 5 xpza
0

;3 otherwise

(a) Compute A

(b) Compute E(X)

(¢) Compute var(X)

(d) Compute the conditional density, fX(x/ X>0).

@ f Asbaedx= 22 8 [ 2

A Gax |, = ALF-(F)): P =>s-

£ —¢O sIince ‘ﬁ 1s even
b xJ ﬂz_ Z_E P % 2dx

c. van X = éf'z:;ECf _:] = iﬁff -y }gilgp I ’

= %[%— Loer §]_, |

= %ﬂl ~a ) - (-1 - Ev-«:"')_]

=2[(-F)-Cr+F)

=2[i-gri-F1=7l2E-F-1

= 0.2732¢Y
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Four major prizes are to be given away in a state lottery. Four

drawings are

made without replacement from all entries. Thus, one entry can at most win
one prize. You enter the lottery six times. . The total number of entries
(including yourself) is 10,000. What is the probability you will win at

least one of the major prizes? Give a number for your answer.

wa;nj.: ]~ /9[1005 QJ

9994 _ 9993, 9992
p):{OC’”Sej 100@0 9999 7998

e T
//}g "51 1(;’;r¢[ I’—

e<®
i ers‘f: 5

Ara®
=0.,97760

;»:> pr }:w}ﬂj 0. 00240
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-6~

You perform a Bernoulli trial. The chance of success is
the trial until you get a failure.
the number of trials performed.

p. You perform
Let N be the random variable equal to

(a) What is Pr(N=m) for some given m?
(b) Find the pdf, . fﬁ(x).

(C) Compute E{N).

Prl=m]=P" 9
(v) ’Dn(")‘é,— p-'g §(x-k)
(c) E[X] :c{’é I« Pk—!

- oo k- eiven 8s
EEXJ: N ::Z'kP ’é_—_—__ ‘!Hlﬂt”

Motz For corny =2
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-7
A vandom variable has unit variance and zero mean. You wish to set a
threshold, T, so that the probability of the magnitude of the random

variable exceeding T is no greater than one chance in a hundred. What
is a good value for T? Justify your choice.

Téhek)/cheﬁﬁsf ﬁ }ar B7Berowmean, Ced ]
Pr[‘“X‘ > k_] < ez = 725
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QUIZ ONE NAME
EE505
Summer 83 /,

1. Three dice are rolled. Consider the following events:

The outcome on the blue die is odd

The outcome on the red die is even

The outcome on the yellow die is one

The sum of the red and yellow dice 1s even
The sum of the red and yellow dice is four
The sum of the red and yellow dice is five
The sum of the blue and yellow dice 1s three
The sum of the blue and yellow dice is two
The sum of all three dice is three

You will pass the *test

G ‘
[7)]
£ ounmemuyowx
"

the notation:

m = mutually exclusive

i = independent

s = one event is a subset of the other
n = none of the above

classify the following event pairs:

A and B

A and C

B and D

C and D

D and E E

C and H

C and G

Cand I

H and 1

A and J

Helpful hints to use elsewhere on this test:

2 " actan 1=
x* x : '
ad;e —a2x¢e

J‘)—(—é{——{;‘.mx o

<O }( “ﬁl
g:a = (1-a) ;lal<L
0:0
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Let X be a Laplace random variable. Define Y = U(X) where U(

: D is the unit step.
Find the density function for Y. P

Robert J..Marks Il Library Archive. : RobertMarks.org ‘ 195




CONSIDER THE

(a)
(b)
(e
(@)

Compute
Compute
Compute
Compute

Robert J. Marks _I_I&i_lgrary Archive.

TRUNCATED CAUCHY DENSITY:

y(x) =ﬁ%{x2 + 1 )‘l
0

A .
E(X)
var(X)

RobertMarks.org

3 jx[4£1

;  otherwise

the conditional density, fX(x/ X>0).

Robert J.-Marks Il: Library Archive.
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Four major prizes ave to be given away in a state lottery. Four drawines are
made w:f:.thout replacement from all entries. Thus, one entry can at mostbwin
L one prize. You enter the lottery six times. The total number of entries
(J_ncludlng yourself) is 10,000. What is the,prObability you will win at
least one of the major prizes? Give a number for your answep. -

" Robert J. Marks Il Library Archive. - - .RobertMarks.org 197
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-5

You perform a Bernoulli trial. The chance of success 1s

the trial until you get a failuve. Let N be the random
the number of trials performed.

p. You perform
variable equal to

(a) What is Pr(H=m) for some given m?
(b) Find the pdf, = = £,(x).

(C) Compute E(N).

Robert J. Marks Il Library Archive. RobertMarks.org 198




Robert J. Marks Il Library Archive. - RobertMarks.org
-7

A random variable has unit variance and zero mean.. You

threshold, T, so that the probability of the magnitude of
variable exceeding T is no greater than one chance in a
is a good value for T? Justify your choice.

¥

wundred.

wish to set a
F the random

What
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340 Cosielation and power spectrum

Tuble 10-2

173 “ég&ﬁizﬁw‘"‘" :
*- "RobertMarks.org

Soe, 10-2]. Power spectrum 339

mir) Slw) Th this cage the basic relationships (10-14) and (10-15) take the form
® . - l L4
/M | //@7 S) = [, B cosar dr B = g [, S osurda (10-47)
| 0 V v “The cross-power spectrum Syy(w) of two processes x(?) and y(¢) is the
1 Tourier transform of their cross-correlation:
7 s lw L @ e ’
/K o /\ b Sey() = [, Ruy@etor dr = Shu(e) (10-18)
O2wr . W The Fourler inversion formula givés } :
. - 1 w0 ‘
N N 1@K Ral) = o= [, Sulleir do (10-19)
X 0 J T . e ) (,’,o - and Wlt»h 7 = 0 ' .
. 1 27r Sx;(w) de = R,,(O) B{s@y*W)} (10-20)
& N 'g : If x(1) is the voltage across 8 two-terminal device and y(f) is the resulting
° T v O ¢ 2 " .input current, then the above equals the expected value of the power
) delivered to this device,
If — 3 If the processes x(1) and y(t) are orlhogonal (sce page 298), then
! §
0 i : 3 = H ny("') =0 'S'xy(w) =0
¢os wor ' In this case [see (10-7)] ,
i ﬂ ﬂ /}‘ [\ m T T’ }§ Rayy(r) = Bale) + Ryl) Sepy(w) = Sx(w) + Sy(w)
ol | 13 . e 0w -":{f- Table 10-1 shows the correspondence between a process x(f), its
U U U U i autocorrelation R(z), and power spectrum S(w). The justification fol-
lows ensily from definition (10-14) and the elementary propertics of
3 Tourier transforms [see also (9-85)],
In Table 10-2 we show a number of autocorrelations and their trans- ' Table 101
forms, We leave the easy proofs as exercises, » | x(l) R ' 8w
Comment, The power spectrum S(w) of a process x(f) can bo il ]
expressed directly in terms of its second-order density f(xi,z2;7). To CH ax(l) |a]2R(r) [a] %8 (w)
this end we introduce the Fourier transform of f(2,22; 7) with respect to 7 i ; ‘
- , i dx () QR (r) i3
. - i En BRr=RE R
G(Qh,:vg; w) = f—w f(xl,mzz T)e—m dr ’ :
L dnx () R (r)
- i e it ) f
Since [see (9-7)] | - 4 Fral (=1)n pen wtS(w)
R(T) = /_‘: /_ww xlxzf(m!,xﬂ T) dx; d,’vg g x(t)e}*"*’o‘ R(T)e‘*f‘f“’o'. , S(w T wo)
Robert J. Marks Il '-'brary A RobertMarkg orgy, 10-6, | R(r) cos wer 318 (w + wo) + Slw 2%)]
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-"EE505 Final Examination

Summer '83

(name)

Score = ) /175

1. A random variable X has a charactevristic function:

@ (w) = A cos’(aw).

where a '1s a given parameter. Compute:

{a) A
(b) E(X)
(¢) var(X)
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Sometimes the expected value of a random variable is not such a good

estimate: For example, let X be a Poisson random variable with
parameter - a=l. - Let

Y= (-)F
Compute E(Y) and comment.
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Let X be a gamma random variable with n an integer:
N+l

fX(x) == T—xn exp(~cx) U(x)

Let (Xﬁ}n=l,2,...,N) be iid samples from this density. Define
N
= 1

7

= §eKy
1=
Find the density function for the average, fi (x).
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Let P and Q denote independent random variables

both uniformly distributed
on the interval from Zzero to unity.

Define the process:
x(t) = F e % ule)
Pind:

(a) E(x(t))
(b) R(tl,tz)

(c) var X(t)
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We draw N iid samples from a shifted Laplacian random variable with mean %z and
...... variance &% Give an approximation of the density function for the average of
‘these numbers. N>>§ ' 4
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X(t) is a stationary random process with mean 7 and autocorrelation

R(q*) = x2 exp -aj¥l
X

where a is a specified parameter. What percentage of the time can we
expect X(t) to lie below a given threshold, T?
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In o