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INSTRUCTIONS: 

EE 505 
Midterm 

• 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 i_n 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) neither1 . 

• A balanced budget amendment bill passes congress by August 15. A r balanced budget antendment does not. pass congress by August 15. 
~rnut:u-a uy ex.c../usu ve J 

• The sum on two dice is seven. There are six dots on the first die. ~J Y'1 • 
p,. (SuM 7/ (.J: tz:" = fJI(oJ:JUCT oF TWo Pt<oSA $ILJTI~. 

• You have an ace in your poker hand. Your opponent has an ace in their 
poker hand. We.; -I;; J, e ,... 

• You win the Washington state lottery. Your mother wins the New York 
lottery. r r\ d . 

• You receive one call before noon. You receive two calls all day. n e; i. h e. r 

1 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 getting a hit is 0.300. Estimate the 
probability that he gets 300 ·or more hits in his next 1000 at bats. 

f) =- 3o o . n = I o oo 
f / JOOO k -k. 

Pr [ k ~ 3 100 J = 2:._ ( ~ ) f q n 
k~ I 

n f 1 == .,300 7C JOOO ')( 0# 70 = 210 

Pr[k 2: 300] 

= Pr [k < 30o J ~ <b(3oo-ne) 
'{(} pq l 

<G( 0) :: _L '2.. 

2 
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3. In Lake 'VVobegon, 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 

2p 

3Q" 

What are the integers P and Q? 

CA TPJSH (1) P FRCH{2) 

/0 k 

f) 0~ !=lSI-+ (3) 

f, = /0 k -t <._ CJ k + 2 X 3 0 k 
' z p3 = 'r = 3 J p, = C} f:~= t 

k2. :i k = 0 
• 

k.3 = 3 

- - ' -ka! k ~ · }<3 f. l< <. 

Be~"naol/i t:ria/: 
k., k ~ 

PI F;z_ t1 .' 
G e11ere1 / i ~~d 

p,. [ 1< 1 J~3J 
p3k3 

Pr [ D , I , 3 ] ::. lf ·' 
0 

(f-)0(~/ (t)3 
. . . 
2 . - 1., 3 2 

23 
3.3 = 

f=~ Q=s-
/ 

G. 

(~s ==6,'2.'3) 
3 

'2 (. 
3~ 
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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 

n~r;a:lity;rv:;;:~y;[~~]? + r £~ ,,.H;lJ P£P~~J 
I I 2. z._ S =_L 

-- x--- + -X-- 30 ~ - /0 3 10 3 

P,[H/BM]p,[BM] 
P~[BM/H] = pUt] 

-
_L _L 
/0 )( 3 

y, ' I - s =- 0 .. 20 :::: 3o 

4 
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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- a ec 
1- bed· 

Identify the m , b d d ,, , can . 

AT= 2 1( -t :: 1 

fP= P.-o1[Y~2)X:~.1]= 
fr[X:?2. :d>1d r21] 

Pr [X~ 1] -

- p.,.[X:~2] 
- p, [X:?.i J 
_ 1.. -[Prob (r=o)+P..-ob(X:=I2J 

i - f,..ob (X=o) -

PI' [x = ~ J; (A T))C. - AT . 1 k - a _ 

e == ' e. -I< . 

p,.[x~ 'J = e-
1 Thvs 

fr[X=-o] = e-' / 

anol .1 _ ( e- 1+e-'_) ::: 
r?= 1-e- 1 

-1 
1-2e 
1- e-J --

Thus; a= 2' h=c=d=L. 

5 

- I e -l<! 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 8



6. ·washington state apples are modeled with a Gaussian pdf. If X is the 
diameter, 

X r-v Njli. = 3, a- =~) 
-Apples below two inches in diameter and above four inches a•·.; discarded. "1,.... · 

m diameter. . . · .,._ 
:"h~t is the? probability that an apple passing this test i~ three. ·1ches or l~ss ~ + 

, 
QJ = Pr [ r ~ 3 } 2 L X ~ lf J , 0- '), (j 

-= p,. [r~ 3J z~ x-~4] 
fr[2~X"~~J 

_ Pr[2~X:~ 3] 

- p.,. I 2 ~ K ~ Lf] 
t?eca II : L. L X J :: ~( ><:.;/<) _ £G. c<' ~) 

p,. [X. - A-- 2 - ) 6 /}...I ( X I -~) 
=-~ ( x ~LA- - -r 6' 

i--1.. 

~\~,~ 
..... , 

Thu~ 

(J=-

-- _j_ --z 

froF-

2. 3 t.t 4 
\.. P" [r f 3} 2 f x 5: lf_] 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 9



7. Matlab's error function is 

Papoulis' definition is 

2 rx e-t2 dt 
erfML(x) = ft Jt=O 

e y =- e-f-dz rf> ( ) 1 ! _.2 

V2i 0 

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

I 1'/ ~~ e. r .f( Y) = (2 iT., o e. - 2 J ;; 

t = ~;V2:' ~ d ~ = fZ1 tli:: 
· w h e n ~ = y ' t = 't /Vi' 4 Th u .S 

> 'Z. 

er-t(t): ~ I 1 'f/fi: e -t (Vzl dt) 
2.TT' 0 

"2.. 

=- __!_ J t/fi e --t dt 
&· 0 

I [ 2. rY/v:i: _-t_~~ J =- -- e ~~· 
2 \flT1 .) 0 

:: ...L e r J ( Yj fi} ) 
2. ML 

Thus: ~ 

er.f (2) =-} .ejfVlL y-21 = -:k JV:J ( Vz1 ) 
. ~ )JML 

7 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 10



INSTRUCTIONS: 

EE 505 
Midterm 

Monday, July 25, 1997 
2:20 pm to 4:30 

e Do all of your work in this test booklet. 
e This test is closed book and closed note. 
• You are allowed a single legal sized sheet of notes and calculator. 
o 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) neither1

• 

1? tr 
o A health care bill passes ~ss by August 15. A health care bill does not pass 

congress by August 15. (C~ )_) 

o The sum on two dice is s~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 W~gton state lottery. Your mother£,., the New York lottery.(( 

o You receive one call before noon. You receive two calls all day. 

® 
i. L<2.* A ~ 5 !o •ll ra.s..re_r ~ I f? := ? b f{( dc.es h ct ra.ss ~ 

2.... 

3. 

tf, 
s,. 

T~e.t.A 8 =- Ac !--'\ u:h.< 6ll,j e..x.d'-t s I v -'<-

f C. 5 u"' 1 s I J :::: -6 
f [ 6 °"'- lsf- dl e_:l ;:::_~ 

-;:;._ r Cfr_1 

- f[E..:l 

f [ 5l.-ff>. ~ ~ .,f

r r: A-1 , r c.t? J 

p [A J ::: t;-/ r-~ / 

G 0 "'-- ~s+ d\e 1 -= f [_ ( 6 I I ) J =-~ ~ r [fi·B ~ 
~~ ~hde,.e:Ac{ ~ 

3 Is-, - f$-~ 

f tt? J = l"S<-, f [A-8 J :::- f CAl 13) P CP:J 

f f C[r] f[E:J J-- f CIT eJ :f 0 ~ ,< ~Q:~J 

f c ;+ e J -;;- r Elt J f [ll :J 

p[A SJ p p [LiJ f [O.J I 

y (9;).. 

f c.~t-eJ ~ c .(_9_) 
1 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 getting a hit is 0.300. Estimate the probability that he gets 850 or more 
hits in his next 1000 at bats. 

f::: o.J 
/ (;:;0-J/ n =- ;ooo / n f'::::: 3 0 C) 

p [ J-SD 0>- A-o)-i_ ~~ /Ooo_] :::.- r [J-SO ~ 1<:: < ;ooo_] 

;ooo 
~ _L ( n) k; 

k ~ !-SO I< 0-3 

n -1'-. 

0~ 1 

::::. 6 ( I oo D - YJ f ) 

JnpZ;- _. 
- Ql e-,P ~h;-) 

Jnr(r 
- 6 (. ']oo j 

14-. s- - ~ ( SJO )~ 
{~._\ 

~ (etc}.~) - 6 ( sl~cr) 

N D __..---

2 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 12



3. In Lake vVobegon, 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. \Vhat is the probability that three were dogfish and one was a perch? 

~ 
A ::::- f cd-~L P<>J J;-s 1,_ ( 

/ 

1? = f chL p~ r ) 
(_ =- ) C.a-/--d__ c J ~ J /_,_ 1 

T/,e~ 
pfA] == 

b - -=-f q 

f[BJ--=- ~ 

1 ~~ 

r [c J :::.. }__ 
g -==--r 

f4- c~~' J 4-J ( tJ5 (~)I .s! I 5 

/"'--
01 2- 6? 

3 
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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. \:Vhat is the probability it was caused by a Big Mac? 

1-'llS :::. K e.,3irC1? u Vi? I 1$1~0~c -:::::Btl, p ,-~-2ct =- p.:r. 
p CH rs) 

- pCH81 BK) t P lHif" f~) 

pcrHstBn J PCBH} 
l...-.......--- ~ 

·-t- p cf1 rr f p;z: J rcp:t.. J 
Cd 3 ....__./ 

ol J-- ~ 

-+ D <I )( t :t..... 
o(.)_x 

o, s
;]· 

flB~ \ Hf5) -= 

-

.3 

f Cf-{f5,BH) 

r (J1 ~J 

~ 
J 

C>~s--
~ 

_j__ 
s (/' 

4 
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5. A Poisson random variable with parameter).= 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? 

L e..t A=- T -tt .,. f occur-ren(Sl. .s > <- ~ 

B ~ r ... / '/ i ~ 
...... 

cl.ee-vlJ ? 
B 4 A {s~_ 

.L 

ffA~ = f> l K 7 ~J 

- f[D~K'::lJ 

- l - j p C k. ~o] -t f Ctc ~ 1 -r f [F ~ 2 ] y 
0 I I \ ~ r -t ' 1 l - e c -+ - -e -) 
0~ l~ 2~ 

/\, 
ol cg 

r ~ l? ~ ::::.._ p [ (c. 7 1 _] 

-=-t - f [(C. :::u J - f [lc-::..( J 

t- [ -1 -( e c1J +e. (I)J 
<"\.;' 

0 t :2.. 6 

ti k7.L I (C > { J f[A,eJ 

f [ BJ 

rv 0(3° 

5 

f[AJ 

f[BJ 

o 1 o B 

o.:lb 
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6. Washington state apples are modeled with a Gaussian pdf. If X is the diameter, 

X"" N(TJ = 3,a = 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? 

~f-r~· 
Al-l;::~~ 

f [ (j ~ 3 l pJo.d''j J 

- )-
2-?-

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? 

IJ e_ j ~s+- he~ Oh€.- su cces~ ~...... <-0-€._ sfo f, 

( f h rz -.t~ .. f- tv,"d,Q.J / -thw ~s 

1-h-~Jl 

lr\ 

~ 
£(h.) - C-iJ ( o-"'1 K f 

f--(l-f)h-( 
I 

n ~ ( 

f ~ 
l_.. f C (-f I -----

rG-t Jl. 
,~ '----------· r c (-p /' 1 

... 

{ ( ?""-~ :J (,.:': r 6 ---
Oo 

tiJc~J ci.....e de ,;._. z: c. I 
1'\ =-1 

(J.o 

rc t-1' l 1 ro 
2._ - f 2._ Q -f) Ill--{ -

)'\.~ )').'?-( 

--- f . I f 

- ((- f J f 
iu 

7 
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SOME CORRECTIONS ON EE505 TEXT CPAPOULIS) 

1 . Page 82, Ea. ( 4-49) 

-ex ) ce = e-c(x-t 
-ct ce 

should be = ce-c(x-t) 

2. Page 75, Eq. (4-32) 

o(n-k) should be o(x-k) 

3. Page 92, Ex. 5-3, second sentence 

F (-c) - F (c) should be F (c) - F (-c) 
X X X X 

4. Page 148, Problem 6-18 

Mising right paren 

5. Page 171, Problem 7-10 

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

6. Page 132, TwQ lines above second equation 

x < b cos e should be x < a cos e .~ :,..-.,~,,.... 

7. Page 132, Second equation 

Upper integration limit should be ~12 instead of a 

8. Page 195, First equation 

n; = T should be T/2 

Next line, n = 2T should be n = T 
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9. Page 210, Third equation. 

The two cosine terms should be added, not subtracted 

10. Page 213, Eq. 9-20 

2k should be 2n 

11. Page 232, Third equation 

The product x1x2 should be deleted 

12. Page 224, Last equation 

The n=O and nfO should be interchanged 

13. Page 252, Last equation 

Bracket and semicolon are missing 

14. Page 259, Problem 9-4, third line 

y in y(t) should be bold faced 

15. Page 261, Problem 9-30 

11 
••• where x(t)= 11 

16. Page 572, Index 

should be 11 
••• where R (c)= 11 

X 

Gamma density entry should list page 77 
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17. Page 9, Example 1-3, third line 

tl~ should be rl3 

18. Page 60, last line before problems 

r should be pr 

19. Page 76, second line 

46 should 40 

20. Page 93, Ex. 5-6, second equation 

missing right paren 

21. Page 100, one line after 5-14 

x should be y 

22. Page 122, problem 5-27 
2 2 2q/p should be q/p 

23. Page 1~0, Fig. 6-5b 

x should be x3 

24. Page 141, Ex. 6-10, first equation 

second x(fifk) should be y(fifk) 

25. Page 154, Ex. 7-2 

. 2 
2 _ [E(z~)-E(z)E(w)] _ 9 

rzw- 2 2 - 7x3 
. crz crw 
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26. Page 154, Ex. 7-2, Last equation should be 

N(lO,lO; ff, 13; 1377) 

27. Page 171, Problem 7-15 

E{ [y-g (x) ]2} 

28. Page 187, last equation 

missing dx 

29. Page 192 

(a) line above fourth equation 

p(l-q) should be p(l-p) 

(b) fourth equation 

second inequality should be reversed 

30. Page 198, first equation 

denominator· should be in cr instead of cr 

31. Page 212, line above Eq. (9-19) 

uofu should be 11 0 ru 

tt 
32. Page 21~~ Eq. 9-24 

f(w,t) = 

33. Page 260, Probl. 9-16 34. Page 266, Eq. 1 0-13 

( 
a 1 

G 1-R .. " ( 0) ) 
delete l/21T 

Acknowledgements: 17-33 were detected by Peter Wai 
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lu fl 
'i\11-

\9 

~ 0 

~ 
f!. 

rJ II 
I OJ 

~ t 
... 

t 
·~ ... ~ v \T 

\r 
+ 1! bJJ 2 \) 

II l I 

II }ill J, /J 

--.. l ll 
b4~ 

1\ 
I I tl 

" "'-" 1( 11 II 

(J 

~ 
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N 
l--

I. For Y-:.tJ~ n 
II\ :r. I 

!} at/ -/:he Z'n '5 are.. ; ,J e p e,., d e.ra t : 

~'!.( w) : Pr ~) 
lhu:s: J_ 

d J : i1W fr(o) 
11

•
1 

.., 1 , 

Jb ~% ( * ) :: 1r tJ ~x ( N) fx ( ~) : j,;; f Y (o;) 
~ N·l( ) ~~ t<~·l • - -

~ J f = 't:r 6 ~;c (o) = 1· d x => Y-=- x 

Mew: -r ~ Gfb- )~ ~ y(o) 

{J!;;)7. ~y:(w) ~ k ~;-• (~) ~: ( ~) 
:0 ~:, ~;-a ( ~ > [f;~~~ + tJ- ~;-·c~) £~' (~) 

-y;- = ~,:; • ~;-a(o) [ ~: (o)]~ + -b- ~;-•to) i; (o ) 

::. ~ ( 1 ·~(J .X)2.. -1-- ;!r (a)(- x2.) 
--""i.- N• I -':!. ...L ~ y- --;;;rx +N X 

-- -2. loJ- I _2. a ~ _a. 
X :::::!;> v~Y::: )'~ - y '!' N x + N x-.. 

. r- _z.J ...L v-:::. U X 3.. - X -:. "" \1 4h...r ~ 

2. I=D r Ca. c.; e. ~l : t:z.(X ) :. 
l="rDrn last' homewe,.... k: 

ot/Tr 
c<-a+xa 

~x:(w):. 

~-~ 

e-o<.lwl 

l 
I 

j iC = c:i~ !s:Co). Sot k !f X(...,) foo ks I il<e -th i.s j 
iJ £z((c)) · l 

- ? 1 

- I 4J ~.so J x = • i 
loJDt ~ ~ J. i t\ e ~ \ 

f., g;et: var-iat~loe., we. 01eed -)("" "'(i,•'...~) i5 (o)i .. 
But {jt;)z. ~z (tU) h'2s 2 de 1-t-a. luf)e t: ion at-- X \ 
the_ e>r--;g;iiP') a...nel ~ :. oo. ! 

? 

i.-

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 23



. 
---~--------~~~ ----------------li---

Find the den:s;t/J mean and va.f"'iance of. 
tJ 

Y ~ iJ L Xra 
w~ef\ K j s 

n : a 

(a ) Poi ssof) 
(b) Gamma_, b= n 

N w) 
.Lo ~ene~'a J: P-z:: (4J): ~r (-

) t="o r Poi :s so,., : ( ,j·t..U ) 
.. a e - 1. 

fxCw):e ( d(~) J 
· (aN) e. - 1 

Thus: <fr(w):. e · (f), 

" ~ b . 
S i nee ~e L -;::;-r b (x • n) Fovri e.r trans .JoNn$ 

n~o • i 

t 0 e)( f [ b ( e cf-~- 1 )] t h e_ r, I ; ('(} m t; h e_. ' 

s c.a ( i n g- t; I, e. o,.... e m' ( f ) ; ..., v e rs e. 

tf'ans4'2orms to~ )"' 
, .(aN) 00 (oN t'( ) 

;y:Cx) = N e J; n! b NX-n 

_ -a~ ~ (o N ) "' ~ ( ~) -e L-· n 1 - x-N • II'UO 

Y ~ J: 1 ;rCy)dy 
ee-aw ~(-2'-)"(a~ll 

n.:::o • 
set m = , _ 1 

- .. m t:JO f'. )m+ J 
=.> y :: iJ e-a ... L ,a~, 

m=o • 

=. -tJ e-ON (aN) e. aN 

-= a =- x 
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1 I ! l 
1 I ! , I · 

-NOQ n 2 I ~ 
I 

I -r= e L ;;r) n. · 
., l n =o ) f\ 

I -a~ J- 00 n(a N , : e N-a ~ (_n· a)! 

J
t~l>l ..... , n::1 n 

-~ r·· 00 ~ ) but . - n (a N a _ . a N 
. l:__ ( n .. 1 ) ~ cl (~ N ) - L_ (n ~ 1 ) I : (aN ) e 

n:. a n:., • 
n-1 

1; h OS : oo () ( Q ~ )_ .., ( ) e Q 

2: cn-J)! - J+a an 
f\: ' 

- -a !' ::::: e ~...z. 
-a (!+aN) 

l a [l+aN] e 0 

:: N 

7J,fJS; - - 2._ 

'2. -, "2.. - y - . .. '2. 

t::Y. = ) a 
0

-z. _ a =-
v -- + I - N 

a(l+-ON) - 2.. 
a 

(h) For- GAMMA ! 
:fy(;t) :: 

C b·H b -c.x 
r(b+a) X e ~(x-) 

llt\+M 'I( 

: ~ ! X n e - c ~ ()( ) 
J r o ~ ( S · 7 '2. ) o n F · I 5'"1 ; 

\ n+ I c 
~x(CcJ):. (c-J4>)n .... 

+I) 
C"'" 

lh t.)S: 

X (w)::. ( . )N(n+a) 
Cf:y: c- elf:/-. 

For m-i-l= N(n+a),~this inverse., 

tr-ans i-lH'tn s t:::o: 
m+ a 

(' C ~ )m -c(NX) 
:r~ ( x ) = N m ! "NX e /' (x ) 

N C {n+ N(tl+J)-J. - ~N)3C . 

J:r(>l)~[N(O+I)-J]!(Nx) e j< 
or: 
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( iH) or: 

tr(Jt) ::. 
+a)-1 -( 

This is a 
paramexe 

b.: 
A 

-I 1 X 
• 

amma ens;ty 1.4Jit 

c :. c 
The ea o ; ~s t I, u s ·. ( p g • Ll-,) 

b-+J n+l ~ e- = c : x· 
A, 

b +I n+ I 
= e~ =- Nc..2. -=-

-y ::. 
Qlt... 

e 

Va./\.1 .X: 
N 

___ ,... __ -..-----~ ...... --------------
Here, a.s io all pr-eviov.s examples_, 

y ~ X and Vl.Lh, r: ...1-- v~ z_ 

1-Iom e work: 

1. FtOr Y= -/:rz:_ s ho»N: 
':.I 

- - _L 
::: X -' \1~ Y= N lf41vX 

assuming- e\Jerl-t ;,g- exists • 

• l=""or the. Cauchy distribution discuss 
what happe.o.s whe,.-, we. at-"t~:ew,pt 
to e\/a I cJate 'the me.an anJ variance 
by d;~_:Perentia-t-i~ -the. cha.rac:t;ef'istic 
func:t;,o • 

A I so: C ha pt: ~ : ~, J to-" 7, 8' 

ChatJ~t 7: I~~, 3.;~ L/:J S 
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~lul=a~ns ct:.P 

- (- )X+:!~ .. 
- » . --· 

[=i!]:.: E[c-:r )r-t-:f"] ~ .. E-[<-•)rJ e-[(- 1 )Y] 
~~ · •a .,. Oioe ) ~ . · 

[<::r )Xj = L.,. (:J )!A e 1 a.:: ea ~ e:.;, :6~a 
n. n=o • ·· n:.c 

f) e re to ,... e : E:[~]':.ex [-~(a.t-b)] 
·-~-~-,--~., ·~-"· - ~- -~ ·:- .-·· 

£ 7! "2. = E {{j~-1 )r 1-.FJ .~) =. J.. . 

:. Vtl~V r:.: 1. - exf -q (a +b)j 

-=.:-T "·····;w-''"" ······---·-co ........____ ____ ·-·· ···-·- · · Viif&-xY , 

Fx(x) = }_,_ J(x#y)~!: .~. fy::o · dyJrr~iJjl;-xi; 
o\.J(y/x)= /(x.,y· l/t ... (4<). \. -. _: .· :._· .· .. 

. ~ . . . _, 
.. . . J.. /Tra a.. . c, .. -z . "2. \1 . 

· · · = 2n-a z.fa2..~xa' =ec.rra2.) Va
4

-" .J"' 

antA E[Y/r·J = J_: y· f(y/x)d7 :o 
. (i:hi~-~~-~;~;~~.se J·(y_/~) .is. not: it;,,;c;-~:t1_ ace··'(·· 

Junc~;O, o.J!. ""l -.+ .~lte. a li-f:eg":f"":!i:" tOn (; M i·-i: S 
a re o\le r -, .Ja 2.. - x z.l ~ y. £:. 'I a:~--+ y -a... 

1 
) 

ww Y:/"E.~-= f:[Y1/r],;. J_: J2: f<JI~)J..x 
J 'iaa.-x'Z.' ~ cl~ . 

"' : - f"a2. -X4L 1 l . . ~a a ..a. -;X' 'a.\ . . 

= (!Ta;v-a= -x'"" • J:a~-x?.'J~ f4 .. 
- "2rc _t_ ( 'Z. ~ )3/z. - (!T.a~a'Z...- x-:a. l • . 3 a -X 

a2.-x'2. 
: .3lff a 2j2.. ; r "' a 

Tnis is- mini'mvm. w.Jhe.YB X= :1; a. Th e!"'l we 
'!!. tJ :s t >"~ 7 vi re t=. h d-f:: y = CJ a l'lel " 

var Y/X :o •. This Mal<.es .ser~se! 
=-.:::.:~...,..:.:..-..:~-:--~ .. :- ., --- . .;.-::.....:....:.. ..... _________ . ...:~ .. : .. ·-·- -· 

' 

_ __::_.-~~-

·'t-
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g,.. : L tn k ;k. 
Eo-,. = tc=• t:._ t,.k. F: ~k = 0 

0 . k=Jr .. · . N .. 2 

E gn7-= V4JL. '(; ... = E [(L tnk J,.) J 
. k=• . 

= E [ 1::~ #. tt\k t"~ Jk f.~J : 
= f_ . ·.f:_ "tnk l:tl-4! & '2. G... = 0'"2. f: ( tn~ y~-

1<=• ll=• · " ... n k:.l , 

=1 
R- Llg"l: 1.]~2~(1.) by CL T 

- . JX'"t. . . . . . . . 
r(-~:) - e .. . . , -z . .. . . ; 

E' e(t: > = e e J rt:: e- & :t: '12. eJ ?7_"';71. t) 
·. ~ ··. 

(J.olfow.s :from. ele.ft o.P. ch:ar-ac:cerist:ic. Sunc io,.. 
. :for- a norm~ I r. V- ) ... 

1 
. 

_t 2(-t:;) =i!*(i:-z.r: R(t,, t,_) -, 
=- E e J r ( -t:, - -t-z.) . - -· - ... · 
_ - & "'-(t,- T:-z.)~z J "?~ (t.-t-z.) - e . ... ______ . e · 

or 

R 
"2.. '2.'1 • 

(?') = e -&. ?-· '2. e cJ ?L1' 

The,., 

VaN ~(-t.): l'?(o): ! 

The FJ"'C>cess ;~ no'f: :s-t:a_-t:ionary ~; 
71 ( f:: ) ~ c.on:s1:: a n t:: · 
~ 

c 
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---.~it--~------------------·---------· ---- .. --
"' can tN'e g-ven e e. 

~ 1 A: Y= r.-~ 
--'- -L 

'Z. '2. 

What abo'-'t Q dic.e roll? 

Dn = Xnt [ ' X:" + 1 ] 
... 

H Gw c bo u~: t:: J,e SUM o .¥ =t we t:l i e:e. ? 

0::-:t 0 -iiiHF.:51C! Uk == 5 0 t1Q 

Gaussian R.V .. 

(!;a) ea:n /; ,.J t;he ~ 3. ~= g-LK,) 
is g-oussian (vt:"/1~ 

(b) Cernt-~41 r;~it tlheore""' 

Y-=- x·, ....- r '2.- -t- .x: s -t-.... .. + x" 
JL ~ fYJean = "2- van,....= 12. , 

e::} 

(c) Co~rvt::e. 

-t-he11 
r f"J ~ r"' .,_' J ] -

o I 

Y,;. (-2 

Yll..,..,: (-2L 
.r~ 
,) -t 

~2Tf r, 
.... 
~ zrr a 

r, ~ y~+l a ,...e :z.e.,.o """ea:n 

-unit varian c.e. r70t"'~a I r. v. 1s. 
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Genet"' a t;i11g Rand on\ tiM bel'S 

Vse TQ: hie. 

P:Seodo- Random~ numb-ers 

CDn g- r v e.nc.. e.. tvle.1:" 1-aod ol- g-e. n e rt.l -b i n ~ 
~se fs et.J'do- r-o ,.,.J a"" nu.n e.rs 

r.,+i =(o X:n + b")MoO T 

b :1 T s J..ou IJ be. re.ledbi '-'e.. J y rr;"" e 
.1r . 

E"rample ". 0 :Az.., b = lT ., T= ! 

(tl-) s~eed D : 1. (; :w; NOT"£': CAAJ c;. E T 
t:~ ~ANI'JD~#TASLE 

~: 0., l&f I S'Ci ';2.(. 

~: o .. "t.f IS Cf2.,S'I 

Xz:. o. 10'3 q 8'' '3.$"" 

X 3 = o. ~ct7sc.s-

CQt1 S ho~~ 

/J~ = £ [r, .rn+s 1 

u~ ilo~M 

-l==t--
0 1. 

b.s ( b$) ~-~ T. J--r 
=- +e 

as::. as 
(

S-1 

h.s:~ L.. a 
l'l=b 

as 

(mod T) 
) (,.,aJ T) 

feJ < Os/T 

( ~ 
HfJ X";.-t 1 -:Fte Tn 1- n-J 
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I( 

CHAPT ~ : 1!!1 
CHAP1" .3: 

**C"W-'1< ~<. ._ ~ Jt t ?rtf 
'-HA-P T 'I : ~ , '-, 7, S: .. *" - "'' r- i:" e ,;t.cJ: 

r"s - - - -..,......-a;.-I 
~MEwaAl<. 4F~ . ~ j 
e:nAPT 5: 1,2.. ... Ill 7 1ir 10 I s .. II , 

ME"wOR I< ~'{ _ _ - I"1J 

t;.Hif,T.S !l'(, 7/8/ 101"1'· J8 
~ _....;, .JI 

114 E"WO R J< # S' 
. V'7 l3 

:uA PT. " : :2. /'"'~· ' 
:. ,..,_A PT. 7 : I 4' 2 ., 3, 'il , S' 

fA,;-we> A JL if: G::, A; 
·"+A p ..,-. 7 : 7 A'l't ,~. ~ , ', z2., 2. G 
H A n·r 0 • d .I ... ~ - .. ' ~,. I , '2 0 

~"~!:: , &.J. -, J~ J I .' _.., 
+A rf" ""1 • I .1 ... _ ? r0 

i J( 

I, 

I -rs 1 

I 

lylJt):::. i: 6(Je+l't) 
..1- -t:(tS+ lt). _ L.-/..!L-) 

+ '1 e ~-a.l'.s 
.J... -r.$/ ( I 

+ :z. e Z) K- 'f$ 

~: :lf:" 7. c h o.p_~ i ~ 1~ -1.., , 4. &, , 
Me'iMDftt< :tt7 C"•frl: f ~ I~.,,~., IL , 17, 2 2(( 

:J+APT. 10 = 1 J ~,..J? 8 ID 17 
.I / 

CIVEN A ~llrNODN T6L.E"'"C:~4P~ Sl ~HAL Fli.o~ A 

pttDc.Ess .J r-c)~< M A 11 AAN Do At PRoc.•s $ 

NE'k/ 

YC-t) ~ c-1) Y(t:) 
~ 

where 
.f; flJ eh e 

P,.[N:o'J :.f/; .. [}1-; ~:J:! l 
m ea~a ct -:;;::(~) 

/ 

I 

Pclss.OAJ 
I 

;\....,, 
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-
ENGINEERING LIBRARY RESERVE LIST (ENGRG FORM # 1) 

• Library use only 
:::ircula ting _2.( 

Copy 

Quarter 5u~ me" 
Instructor g /1e r k 5 
Course Name & No. 1!/f?!.: SO;<) 
Phone number 3 -t:. 'f'fO 
Campus Mail Stop .:;.I=~T_-~l~O;;.._._':'T'"::--
Number of students in class 3(~ ---::s---

No. Author Title ,.,. 

Parov li .s 

Th om.a.s 

La,.... son 

Bra c.e w-e. I { 

P/:ffou / w· S 

/{/ovf; .S 

~Pro;ha/:,;f;t::y f?a,J:O~ Va~iahf~s 
and 5-t:oc. hasti c. Pr-oc..~sses _,. 

f"J.d '/ . I -"" ) ?:__~ -=::f (l4 c G raw;- IIi I ., rf'8''4 . . 

''Art Tnf:ro to .:Stat:i st ~c.. a/ 
Ccms<Hvnic.a t;--;ei"l 111 eo.,. J '' 
(w; lei, 1Cft.1) 

''.I,-t&""o. t:-0 p,..o ba b; /ity 
n eorr a ,cf 5-t:-a. t::-i s-~::; c. a. I 
r,.,_.f..'f!:re. 111 c. E.. 'f c w: 1 e..y _) 

•\ TJ, e.. Fo u ,... a e r- T re{ .n s.Y o ,... ""'1 
a 11d r-t- s A f'P f i c.~ -t;-; o,s 
~'I( I ) 2 Ed flt1c c; raw· Hi II/ I~ 78 

·• Ci ~""c LJ i t::s i S l si:::.e wt s
ff Moder,., Apfroac.l-, "I'' 
( Ho It_, M tre h4 Y":/c f W; 1t1 S' i::c;? 

1 
I 1 "8"0 J 

''7h~ Ft:n.;P;er Tnt~/ 
and Tt:s A-tflic..CI..tioll>fs 'I' 

{_J4e. C BP a w 1-f;·ff ") . 

'"':::> 
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eal\· s1e.J&,..e. e.s~; mat:ol'\ 

-w-.. 
Frt>M 

the.. r.v. 
a. A. v. r. by 

A 

.X we wi,sl., -to 
./ 

X: g-CX). 

~vest ~e~ n : ,H e I.IIJ -~:- t> c.heot~e g-

C.$ t:- .. ~ a.. t e.. 

? 

Al'lswe.,-.! M;.,; M i i!-e. M.S.e. (rit~q., s7<.NJJrE... csta.AH!It'io~): 

t: [{r- g-C:r))Z-_J 
' 7' 2._ . "- !J. ( / -g-(x)) Jz_r (x, y) J,.d l 

•" () i:: e : M IJJ I·~ s ~~~~ <:. S q uA~ £" t:> r- I)'s &A A~ c.c-

N~>t:e~ 

-::=:y 

Tt-. ""s : 

Fzl)~,y) = Fz (y/ x) F;s;(x) 

1-r: ~ (>C • Y l ~ .). z ( 'j I ><) j. r (x ) 

,, 
l T~A.J I.XT THE:M. 

£ [(!_-_g-(z l) J :: /.: J.c(x) (y- g-cxl) ~ ~(y/x )Jx~ 
Mil\ iHJi -&-e; 'f/ )< 

j 
~ /) 5' e c..• ~ ./. Af a> l't1 e.,.. t-

(j-s(x)) f-}:_ v X )~ Y ~ : t tr_(yfx J;rJ;,.,,_~ 
J / h e Fe a '1 t= 

""~ J 4 1-:L (;-rg-t~> J X) J./ 

t;: (rf)C) 

$' e-c.e ,~ of 
I'M(JI..., i!!!' ~ -E-

)' 

1 -= g-r x J :::::. <= t> Pf((:" 
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Lt,ear e 21'1 • ~IJ a,...e. 5$ t::i"'" a-t' ;o,.., 

4lt $.5 c.~ ME. g- (.JC ) :. &:I X .,. 

Aloe- as g-en::~J 4-; g-e"'et'.:l >'Ho,.... e:. t; f"et e 1::-; b I e 

~ 

=-> J1;,;~1'2.e! t [~- (c.:r..,. b b-: <::.. 
at.b J 

e =-) S (l -qJ(- b 2. f..u/"·J)JxJl' 

"It-;,.,. e.~,.. : b _ y- - a X' 
ro-'¥ · - 1 a~ cr 1 

~ r= 
/ 

-·-·------ ~- - - ~ -

X 

g;;.., e :5 'Z ( ' - r ,. J 
e"" ::. &1 

:: Cc~~",..e 1/il~ .. 
eo 11!!!-I-J!, • '6~ 

$(!'~..,~ 

Proe>..J: {I '\ 
t- 0 ,.. .&F'"~ '1/ e:.. ·~ '. ct 0 s -e. 0 j I j / I . , 

b 
i- .. 

i~·Jf-/~ 'X ./ l/. 

T/1 e.. 19 : 

,£: [ (_y- qr- 1t) ~] -- ') ~J 
:0 e: r~- ' } - q (:r X~ 

"::: o: "'l.. - 2 "" cr o-: q ....,.. o-. oz. a -z.. r ~· r ~ 

~l<..e =-o 

g-ives 

a'::; ro-0 ,.o-
~ 

/Jc-1:.. e : r .p. X: * r ~lf" e. ~ell" 0 

~ eet,.. I f"ch, h e CtJ:H"f~ s .. 

i v :~" ~"'; ~ e £" [~ - a .z:3 J 
~ ~· ,.. o-ac <: a"::;,. ~ r e~ -=-o-: (,-,... ~ a-.... _ y 
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' 991 PROBABILI'l'Y FUNCTIONS 

2500 FIVE DIGIT RANDOM NUMBERS Table 26.11 

5:3479 81115 98036 12217" 59526 402:38 40577 :39351 43211 69255 
97344 70328 58116 91964 26240 44643 83287 97391 92823 77578 
66023 38277 74523 71118 84892 13956 98899 92:315 65783 59640 
99776 75723 0:3172 43112 83086 81982 14538 26162 24899 20551 
30176 48979 92153 38416 42436 26636 83903 44722 69210 69117 

81874 833:39 14988 99937 13213 30177 47967 9:3793 86693 98854 
19839 90630 71863 95053 55532 60908 84108 55342 48479 63799 
09337 33435 53869 52769 18801 25820 96198 66518 78314 97013 
31151 58295 40823 413:30 21093 93882 49192 44876 47185 81425 
67619 52515 03037 81699 17106 64982 60834 85319 47814 08075 

61946 48790 11602 83043 22257 11832 04344 95541 20366 55937 
04811 64892 96346 79065 26999 43967 63485 93572 80753 96582 
05763 39601 56140 25513 86151 78657 02184 29715 04334 15678 
73260 56877 40794 13948 96289 90185 47111 66807 61849 44686 
54909 09976 76580 02645 :35795 445:37 64428 :35441 28318 99001 

42583 36335 60068 04044 29678 16342 48592 25547 63177 75225 
27266 27403 97520 23334 36453 33699 23672 45884 41515 04756 
49843 11442 . 66682 36055 32002 78600 36924 59962 68191 62580 
29316 40460 . 27076 69232 51423 58515 49920 03901 26597 33068 
30463 27856 67798 16837 74273 05793 02900 63498 00782 35097 

28708 84088 65535 44258 33869 82530 98399 26387 02836 36838 
13183 50652 94872 28257 78547 55286 33591 619.65 51723 14211 
60796 76639 30157 40295 99476 28334 15368 42481 60312 42770 
13486 46918 64683 07411 77842 01908 47796 65796 44230 77230 
34914 94502 39374 34185 57500 22514 04060 94511 44612 10485 

28105 04814 85170 86490 35695 03483 57315 63174 71902 71182 
59231 45028 01173 08848 81925 71494 95401 34049 04851 65914 

I Ill 
87437 82758 71093 36833 53582 25986 46005 42840 81683 21459 
29046 01301 55343 65732 78714 43644 46248 53205 94868 48711 
62035 71886 94506 15263 61435 10369 42054 68257 14385 79436 

38856 80048 59973 73368 52876 47673 41020 82295 26430 87377 .I 40666 43328 87379 86418 95841 25590 54137 94182 42308 07361 I l 
40588 90087 37729 08667 37256 20317 53316 50982 32900 32097 \ I 
78237 86556 50276 20431 00243 02303 71029 49932 23245 00862 
98247 67474 71455 69540 01169 03320 67017 92543 97977 52728 

69977 78558 65430 32627 28312 61815 14598 79728 55699 91348 
39843 23074 40814 03713 21891 96353 96806 24595 26203 26009 
62880 87277 99895 99965 34374 42556 11679 99605 98011 48867 
56138 64927 29454 52967 86624 62422 30163 76181 95317 39264 
90804 56026 48994 64569 67465 60180 12972 03848 62582 93855 ~·t~:; 

09665 44672 74762 33357 67301 80546 97659 11348 78771 45011 1:1o1i 

34756 50403 76634 12767 32220 34545 18100 53513 14521 72120 
12157 73327 74196 26668 78087 53636 52304 00007 05708 63538 
69384 07734. 94451 76428 16121 09300 67417 68587 87932 38840 
9.3358 64565 43766 45041 44930 69970 16964 08277 67752 60292 ,,.,. 

38879 ~5544 99563 85404 04913 62547 78406 01017 86187 22072 If!' \lj 
'I' > 1 

58314 60298 72394 69668 12474 93059 02053 29807 63645 12792 : '; 

83568 10227 99471 74729 22075 10233 21575 20325 21317 57124 
28067 91152 40568 33705 64510 07067 64374 26336 79652 31140 '~j: lfl 
05730 75557 93161 80921 55873 54103 34801 83157 04534 81368 

Compiled from Rand Corporation, A million random digits with 100,000 normal deviates. The Free Press, Glencoe, IlL, 
1955 (vrith permission). 
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• , '1 (.IE..S 

E"s e & •• -.-u~ t e. ~"He. an 0 ; P""cc.e s s..,. (e-). 

/X~} 

\. -+( ~~) J • ?i/C--

1 ReMoves --a:.....------- t 
11; p.,.ee,. w; g-c-1 e..s 

! soo I · w1:;;; 
W(w)=- ~ w{-e') e-a (Jt;-

Ovt:put: 

fl t: ) = J_: .X { e - <><- ) w (..._) dcc. 

'? : W l1Ct t:; is W(w) s uc..k e hat-)' (.1.:) ~ 7t;t ? 

A : CD 1tl ~ ??..y 

® 0'1<<?1..~ 

?t;K-
! . " o- --v(~ lf+\ x- 7tx 
-vw ~ 

~ --- ~ .... <<71.)< 

(!) Set w(o):. J_ S M 11 C..e_ 

?1. y ~ W(o J ?t.x 
(!) M~.~s-t:. e..vQ I uate crl' --7' 
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5ofv-t i 011 

I. p x; ( ~ ) -:. I -i- (:: ) 2. ~ !f;r: = -__.4 ( 1 + (~)?.) 
TU

1 z 41/a a. -
J- (w)::._ --=>X:::. 0 

EE:sos/ v 2. 7,.. J '96 
Ex a 

+(~J 2.. 

TUN .bL <:.) ( .3_) (2W) <::.. ,, z 
;c.. ('-t/)::._(1 +(a) ez:t - _:5fi.,_ ~ l17 -.3.._ = - v~ X: ~ v~ X=~ [I +(:~a.) "2-] '- .r.. aa 

2. Y=-ll{J:). Fi11J Fz:z:(x.,y) .. X>o * y:>t 
L•e: ... ,.=, ···t;:%· --r ~ ",o ~ ,. + ~ FEr;("l(,y):::: Pr X"~ K _, Y" ~ Y] 

-x ":I.~ =-1p [r.c.x -o-~1.]· K>O v:;;>l 3. r- e V(x) . .... e ~.f 1 ,. "- .:J .J- .~ " , • 

:s-~~ ~ g(z TJ(t) ' p~· ... · Lr ~ x] (smce Y: i •• a cert"••ty) 
r;.~P~S/or-l'lllat:ioi'JJ ir~creasirgg:(x): = Fr(x) 

lr = le~g·l{y; j .f:tt( ~:r-(yJ) 
'?.. C:l'f. 6 -1 3.. 

ye·f U{y) ::ify g-·t. e -g c·n =>X-== f=g- ) Work:r. ~ = ,5(1<).:. V2. Y. l 

;~ ~ ;;: f f? - 'f (X+;) U (X J U 

c a) r = ? ~ (f 1 ~ r ~ v e - x+ i x J Y :::. J = l! y:oJ x-o I 
fo /1 I (JJ&> ·'f -ry: = r ?!>: :£ ("'" y ) a l< :::. y e 

S: @;:s:.(w)= L -p'/!:. ) 
d ®,r(w~0 ::: 

"· "l::. X";fy J .. 
for "2--::v: Y }':: ~/i _ 

~]L X -
y~~ 

) 

!.-t-·c<.o , 

t>c> -'I ..L,.::; ·l)i[facJ y =rJ""' e = ()"~d"=- 1 ye yL..- o o 

- t _ - r'JC t 1 
·= e -r v Lt) x=ye ~o 

-p' ( o )j rrr =- 1~uAJIJ£'FIJJ'E.p 
":t:.,;.(o) v· ..siNce ~{o):O 

~~J ~ LA~I:EizJ 
; 2-< 0 

7. eb ycheiJ · 
[I ~~ f,J 

,.. e-.e:ro mean'" 

~ XI~ 1 ? I - & z. 
w~ war~t P,.L 1 1: !!. "1'1:;:: !-

j 

l 4:. 58 NC..e.. ~ ~ I 
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y;;z = 0" o I ::::::> ~= I o :;::> T= 
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· nS sor-
EE505 Final Exa1nination 

Robert J. Marks II 

August 20, 1997; 2:20 to 4:20PM 

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. 

"And I trust that you will discover that we have not failed the test.", 2 
Corinthians 13:6 (English-NIV) 

g-.ene,.el 
1. Let X and Y be indepen~andom variables and let Z = X + Y. Prove 

or disprove the following propositions. _ 

( ) 
_ -· _ ~ _ X: +- :L = X: ~ :X:: ~ T~ us 

a Z=X+Y ""- _ 

(b) z2 = .x2 + :f2 ~a:. = rr + y )a:...-::- k'- +- 2..E r. + rz... 
(c) var(Z) = var(X) + var(Y)." J! X:2.+- L"?;. 
d) var(aZ)=a2 varZ. ~ (Nor -r~ue IN p - GeNe-RAJ.. ) 

~(c.v)=- :Pr:(wJ~:E(w) 
!l!i!(w) = p-JC(w)+ 9!;r:(w) 

1/ 1{ I( ( 

P:-a(o)= "'l!r(o)+P"y o) 

//., (.) s v ii7U't. t::... ~~~X: -r v~ t:'~ True f 
VaAt\t ::. C9 ":2-) 2.. 

2. ( -c:.) ~ ::.02. -e':L-:e 

= a 2 vaA..."2: ~TRVe 

1 
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2. 

1 N 
Y=- '\:"""' x2 

N L..t k 
k=l 

where the Xk's are i.i.d. random variables with probability density func-
tion 

fx(x) = e-xu(x) 

Estimate the probability density function for the random variable Y when 
N is large.1 

Let - ~ -~K- K,(. ~ 2- 1<.. = t£1-:: = 1 

:::::;-;:: ::: -r 4f = 3,) :::. ' ;::. 1.1 CV\.. .:c :::. 5 c~ A~ · K 

Fr-oW~ frob le 111 #:: 1... 
·a . M ~ X" 2. -=- L.. 1C , 
C-- J(.. I I(. 
J(= I •<.:.1 

t.J 

= ~ I= N 
k.:. I 

IJ N 

!>.! l. IJ 
'I t)Jv z:.. X" 1<. -: vcvu ~ i: k ~ 

~=• K:i 

L VtAh... ~k. =- L 5:;. SN 
I<.-::. I I< -=- J 

Cen-ti""Q ( Liwti-/;; Theore:::YH: 
~ W 2.. ...:::::; N f;; rf<. "- C./<" 1 YJ<. -v n ( 

t-J <. &) Y =-~ ~ X 1<.. ~ n ( i -
'"'.:. J '- J N 

,P) 
and 

or: 

- (_y - J) z. 
e_ s/N 

fr C 7) ~ ~ V:L rl V f;r 

1 Recall from the last test that the nth moment of each Xk is6~ J ) ! 

2 
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3. A total of N i.i.d. Bernoulli trials with probability of success p are per
formed. The outcome of trial m, the random variable X m, is set to one if 
there is a success and zero otherwise. We form the sum 

N 

Y= L:xm. 
m=l 

Evaluate the exact probability density function for the random variable 
Y. 

71lis Ls s}mple hinornicd R.V. 
/'J-k 

f !< "'" Pr [ f" k] =- ( ~ ) P 
k 

i ;[~t-p 

fylf)" ~ P~ b - k) 

- z_ (7._ )pk4 - k. 5Cy-k) 
{<c..::.O 

:3 
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4. The Weibull random variable Y with positive parameters A and B is 

Fy(y) [1- exp (-:) ] U(y). 

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

OR 

Y:::- gCx-) _, 
= Fr;:: (x) ~ b(x) 

X=- Fr:(/) L 13 

" '.:_ - e - (A ) J 
-t:J:- )8 e. \ft ;::_ J-

( j_ B v);::: - (1-x) 

J__ 
A 

y = 

- [_-_t...(J-x)]Y/3 

[ -.1... (I -xl]Ys-

4 

g-Cx) 
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5. A random variable has a probability density function of 

fx(x) = e-xu(x) 

We take i.i.d. 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. 

r-r. ( 1) = p,.. [ r L l] -;: p r [ x- ~ X ) 0~ I ~ i J 
n v .s 

!L ;: It 

lrCyJ== ~ 
f -xd e x. = 

-X ' e ,) ot:..x.c.. 

0 'o.w. 
I" 

0 e-x /, = A ( 1 - e _,) 

---., - - ;<:::> - I -"' - {-'-

fy(y)" ~ 

5 

e-1 
.tfiD - l t - '-

0 

' D l.. t:.. 
I - -

/ o.w. 
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6. Let X be a zero mean normal random variable with variance u2• Let 
Y = X when X is positive and let Y = 1 otherwise. Evaluate and sketch 
the probability density function for Y. 

~ --'----=--~ - tl'2r? (Sot 

- :j_ 7_ e zo-2.. 

!. 

t -rL y ) ;: t b ( 1 - I ) - T _I .,. 
Y2i?cr e. 

6 

z. 

.J_ 
2.. 

b ( y-1 ) 

I 

f;:._ V(f) 
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7. A joint probability density function is defined by 

f ( ) = { A ; lvl :Se-x and y 2: 0 
XY x, Y 0 ·otherwise 

' 
(a) Evaluate A. 

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

~ /""y=e-X t1>:z.(x,y) 

~ X. 
y =-e-x 

~ ~.,_-_Lr 
(a) J_: J_: .t~r (~<, y)dxd y =- 1. 

oo e-t ::. J _ d~< dv 
-e " ' 0 = 

-= A 1/JD 2 e - )( 'f. :::. 2 A :::::.."""> A ::::. -t 
(h) lrly)=- ~=~ ... t~:r::(",y)d"{(c!y 

- j_ j -.Liyl 

-L 

2. X 
.x::.o 

:: -tk-1 J 

.f-rCr J 

.i 

7 

• 
) 

7 

1 } ~ i Qnd 0 o.w. 
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EE ..S'C!)5. riJATIOIJ SoL.UTteiJ ..S 

t l d .. d-o2"' ~is I. 't i c as J.uJncry · -
~ Ellec..t:.ive #cl afo"g"J.i.s = o,ooo 

' - '/ 2L PIA :: ,+2+ I - /Cf :. /3 

c = ea-ttis h ~ Pc = Y t:t.., p -=-f.erc.h ~ fp = z;,. 
[ J . if! ( 1)3( ...L) 0( 2 Prob :: 3.., kc:=o__, k,=- 1 =- a~o! •! ..3 cot "r Jtfo.:2'3 

2.1 mn:: E [X,] = 2.
1
C.. s_:, X, d X ::. 0 ~ ~ n ··s ode/ 

. ~ -
• • r' •n -

:. 2
1c. • 2. Joe. X 1\dX ; f n • s eve'} , 
I B n+J ~ :. c n+• X = n +I 

0 
c'l -n+\ 

odd 
./ 

eve 
I 

3.1 Y-N(3,1) Pt-[2~.X:~li,X:>Z] 
P~ [2.!: X~ 1-1 J x:.-> z] ;::: Pt" [X:> 2.] 

p,. [ 2. ~X~ LJ J 
- Pr[ 2.~ X ~oo] 

- ~ f- I ~ X: ; 3 = t] 
-~ ~ r~.3 ~ ~] 

-:: ~ ( c ) -~ (- j ) -:..A-2.. - 7lf ... ; , -7(;)-¥{-J) :z.+ 

= I a.-,)-+J ; ~(1) 
I' 

~ 0.8 I 

ll ~(o)~ 1-=- e.x.p (e+-b_ a)-? a =ebo,. b=~ 
s+b 

) (s) ~ ~ ~ :::r e -a 
d~ b+s 1 · b 
~ = e ~ <.p (o) = n = e = a 

d~~ = e.be s ~ O'L:. d = 4' ''[oJ 
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FINAL EXAMINATION 

Narne .. = li!l ........... ~~~ .... ;r ..... , .... "' •• = "" 

s 1::-!:t 1""'1. e .II' ::< "' h .. II II • tr l!l <l 1i .11: • e • "' a .- • "' II' .. II '" .. ..- '" "' 

INSTRUCTIONS 

1. Mail vour completed examination to: 

·=I '-• 

Dr. Robert J. Marks II 
16515 Ashworth Rve. N. 
Seattle, WA 98133 

Submit your work stapled and in order with this page as the cover 
sheet. Your envelope must be postmarked no later than June 8, 
1987. 

Since this is a take home exam, neatness and clarity of your 
presentation are taken into account. 

3. Your lowest quiz grade will be dropped. In addition, you may 
elect to replace a second quiz score with your score on the cor
responding problem on this test <i~e. problem 1 for quiz 1, etc.>. 
Any ambiguity or unclarity in this request will result in it being 
ignored. Make your request, if any, here: 

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

n I h2.\/e 

Ol"~, if 
received no outside 
I have, the names of 

(human) help on this examination 
the people I have consulted are 

listed below my sig·nitrxr~e". 

l'··"' .. = ......... ,. "' ...... 

date ................................. . 
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PROBLEMS: 

< 
-'-• F<:•ut~ integer numbers are to be encoded 
Hammi ·ng code. We have the standard table: 

1 3 ;:;:-
'-' 7 

2 3 5 7 
( 

4 5 5 / 
( 

in a generalization of a 

The 4 integer numbers are labeled 3,5,6,7. Integer 1, then, is the 
sum of integers 3,5 and 7. Integer 2 is the sum of 3,6 and 7 and 
integer 4 is the sum of 5,6 and 7. Thus, the integers 8,10,9,1 would 
be coded as 19,18,8,20, 10,9,1. Suppose, then, 4 other integers were 
so encoded and sent over a noisy channel. At the receiver, we decode 
7,8, 1,9,2,5,4. One of these integers is wrong. Find out which one 
it is and correct it. 

2. A bandlimited signal, f<t>, has a maximum frequency of B hertz. 
Assume that we sample in excess of 2B samples per second. The sample 
taken at the origin, f(0), however, is lost. Show how we can regain 
this lost sample from those remaining. <Hint: What happens to the 
replicated spectrum when the sample at the origin is lost?) 

3. The signal 8 cos(wt) is sent over a linear time-invariant 
distortionless channel. The received signal is 4 sin(wt). What is 
the received signal ~hen the transmitted signal is 4 sin(wt)? 

4. A binary string of numbers codes a logic 1 as an isosceles 
triangle of height A and duration T. A logic zero is the negative of 
this. Assuming an equal density of ones and zeros, what is the power 
spectral density o~this encoding technique? 

5. White gaussian noise has a uniform power spectral density of 
height N/2. What percentage of the time does the noise waveform 
exceed one? 

6. A transmitted DSB signal undergoes a square law nonlinear 
transformation. That is, the received modulated signal is the square 
of what it should be. Is the signal degraded beyond recovery? If 
not, please explain a process by which it can be regained. 

7. Bill the radioman says he can use an envelope detector to 
demodulate FM. He says you can run the modulated signal through a 
differentiator and then the envelope detector. Assuming that Bill 
has an RF differentiator, is he right? 
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EE505 Examination 
July 22, 1987 
2:20 to 4:30 PM 

Instructions: 

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

na~-------------------

score 120 pts. 

2. You are allowed one sheet of vvritten notes and a calculator. A table of erf function 
values is given below. 
3. Each problem is worth 20 points. 

l f 1 Table 3-i erf -~ = ~ e-y"' 2 dy = G(x)--
'2n 2 v 0 

\: erf x X erf x X erf x X erf x 

0.05 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 0.90 0.31594 1.65 0.45053 2.40 0.49180 
0.20 0.07926 0.95 0.32894 1.70 0.45543 2.45 0.49286 
0.25 0.09871 !.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 
0.35 0.13683 1.10 0.36433 1.85 0.46784 2.60 0.49534 
0.40 0.15542 1.15 0.37493 1.90 0.47128 2.65 0.49597 
0.45 0.17364 1.20 0.38493 1.95 0.47441 2.70 0.49653 
0.50 0.19146 1.25 0.39435 2.00 0.47726 2.75 0.49702 

0.55 0.20884 1.30 0.40320 2.05 0.47982 2.80 0.49744 
0.60 0.22575 1.35 0.41149 2.10 0.48214 2.85 0.49781 
0.65 0.24215 1.40 0.41924 2.15 0.4&422 2.90 0.49813 
0.70 0.25804 1.45 0.42647 2.20 0.48610 2.95 0.49841 
0.75 0.27337 !.50 0.43319 2.25 0.4&778 3.00 0.49865 

I 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 123



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 -c to c. 

J 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 125



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 ofY. 

/ 
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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 -c to c. 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 . 
Manager C rolls a die. If the result is a three or 
B bats. Otherwise, batter A bats, The batter gets 
probability that it was batter A? 

Batter B's is .200. 
a six, then batter 
a hit. What is the 

/ 
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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? 

H: HIT 
I ., - :.;.....:;.---- ·-·--------------;-----

__. p l H J : p (~I A ) p (A ) +- p ( tf /13) P( B) 

.I 

:=(o.3) (f-) +(o. 2.) 4;-
= "· z. "'"'? 

P(..r,A) ~ p (+t/ A) PlA) ..... plA Itt) P(tt) 
Plt+IAJ PlA) 

:=~ P(A-/u) = PlH) ~·a~ yes 

(tJ. 300) o/3 . 
::. o. ~rp~;;? = 0~7S 

or 7S~o 
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111\t:: 

mini quiz #2 . ~ 1 ~~~.e..c.~.e. 
w'll: ref 

You receive 3 cardsvfrom a standard deck of 52. Find the probability that: 
(a) ..• at least two are clubs. 
(b) ..• at least two are of the same suit. 
(c) •.. one is an ace and two are kings. 

/ 
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(a) 
'I 

I, 

! 

I 

(b)l 

I 
i 

i 
I 

mini quiz #2 ~, ~~e~~ 
~f'. 

v 
You receive 3 cards from a standard deck of 52. 
(a) ..• at least two are clubs. 
(b) .•. at least two are of the same suit. 
(c) ... one is an ace and two are kings. 

Three. r-eF es te.d 

p ::: '/" 

Beraraoull i 

Find the probability that: 

Trea Is .. 

p,. ( ~ are c.l Ub,s 01" t;l,ree ~re c..lv.bs] , - ' 
a 3 ' 

: ( ~) p '<=t + ( ~) P39o -=-3('/~) (3/4-J) +( '/~) :;o.J5~ 

: P..- ( Q t II e a~ -t t:- w o a r e. of- t: 1.. e s c!l ~ e. s u i t] t)~ ~ 
.., 'e.,. 

e..-e1 
-::. P £~ of:- I e a s t: 2 a r- e. c I v h sJ (~"e."~\ \j .J e-
+ P ·· ·• ,, ~s d&at11o,ds] ~"~\J~' 
+ P ,,. '' H ' 1 hear ts..J e"~-c. : 

..... p [ ,, ·~ e. , :sF a d e sj ; 

':. 4 )' o. '5' = o.' 2 5 i 
, 'I a J :: a c e ;f a 2. ': k i.n g- ; a 3 :. 0 !: h ~,... 

P• = '/•s / f:a.. = '/•3 ; f3 = H/•..31 

l 
(_C) PQrt;ti on: 

I 3~ I '2. 0 \ 
Pr [ k,:: iJ l<a":. 2.1 <3= o] = •! 2~ O! P• Pz f.3 

::. 3 ( 1/13) 3 :;.o.oos 3'-$-S 
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FINAL EXAMINATION 

INSTRUCTIONS: 

1. Mail your exam with t~is page 9s a cover sheet to: 
Dr. Robert J . __ Marks II 
16515 Ashworth Ave. N. 
Seattle, WA 98133 

Exams must be postmarked no later than lvlonday, Harch 9th, 19 87. 

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

3. Please sign tile folloHing: 

"I have neither r•eceived 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 
~(-s~ig-n~)~----------------------

( nrint vour nar.,e) (date) 

u ~:ec.t11ess anC~ c2.ar: t~.t ·~~ 1::-.. e DrCSt:;!l::::rtion 0~ nc:..:.:-- ~es:.:l '!:s ~v-rill ~e t:::l-<:er1 
into account:. 

EXN1INATION PROBLEHS: 

1. A family has three children, none of which are twins or triplets. ~mat 
is the probability that all three are born on the same day of the year? 
~nat is the probability that all three are :born on the same day of the 
year and all three are ..-oys? ·.-ijat is t:ne probabilitv tnat t~.ro of tje 3 
are :Oovs both born on t'i',e sarr:e C.av of t-_,e ''<::ar? 

2. :::ro::;2_--:=r. ~ s 2.r: r.::.~c:.::.=...~s (n.~-~·). 

3. A Poisson ~recess :·rit:1 ~arac;eter A= 2 occurances Der i1our is o_jserw:d for 
one' half of an hour. -~r.'1at is the probability that the number of occurances 
exceeds t•·ro given that the number of occurances exceeds one? Give 
a single number for your final answer. 

4. X and Y are independent random variables. Both are distributee uniformly 
on the interval from zero to one. Let Z = XY. 
(a) Comnute fry(z). - /..,; 

(b) find Pr( Z '51/2). 

5. PrO:)lem 7-2 in Papoulis (p.l70). 

5. Probler:; 3-25 in Papoulis (p.202). 

7. Problem 9-1 in Panoulis (p.258) 
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it1~ati a e .,L__ 

scor 

!.. 5· 
2 .. Prob 5 ·I 

1

3. Prob 8-23 
'-1. Pr-o 
iS. Pro 
I • Lscre e. s o c 
I is nor I i '2-ed t 
I 

~" 

e . 
C I pp• 

e.ro 
()0 

,... I ( ) 

str ctio 
L o oot.si e 

. . II P. r""o b I e m s a. r e 
3. In '-take ol'lll e 

il to: ,... 
I SIS 
Se le 

pos-t. a" It:. 
s. Use t:.h is ~ 

Of" wor-k, . 
• I 

ut:::s i e 
( h_o wt ;~. 

1 

.. .. 

> -

t:.e"' 

. 
iS 

I~ • 

. 
' 1: 

Ut1t;s 

ve. 
13.3 I 

I 

-t i a. I.Jt) • J, 
I 

le I 

a.-1:: r a ue. 
a I ist~d 
• .,_ T/ 
aS S ee. (.... 

X ,. 
~~~ da~ 
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i ' 
I 

··~--·------·---------------------·---1----·--·---·-

Name \ 

2 Sco~e I 

I f) s 1; ,. v c:.. t: 'u:::H') .s : 

Closed notes, closed book. 

:u Two .sheets o.t t~otes (stapled) and a 
1 c.a l c u Ia tor a.~"" e o k a 
I 

3~ Test t:••rfle: :t:2o to 4:3opm sharp. 
I 

"'~ H pro b Je.ms are e ua II we·. g h ted. 

5~ Do a II of /our IV o r-1< in ·,s t:es t book le 
6l .ft.e.r the te:st is .~raded e>n campus 

1 student.s can pmc~ up t~eit" test and 
I f:" ad es a f:: 1= e C E J m a ·, ll o.; f i c.. e.. (No 
'~ r ades ca tr'\ he t;:' ve ave the p ~-\on e.). 
TD/ E st:ude t::.s wily ave their te!sts 
r-eturned as us ua I. 

i 
i 

'' ... of Making many book.s 
there Ls no end; and 
much study 'as a wea,... ~ ~e ss 
of -the !.flesh" 

E"' CG I J 2. : • 2. 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 139



'\It Q) 
V) 

rl . -
~-~ " QJ - v 

~ -4J 
"""' () ~ 

J .. 
~ 

·~ 
)( 

.._; 
~ t>-t 

c.+, kl ·- x\fu \It 
iJ I -':) u 

·- V) ~ I b..o q) ,....,.,. 
<... .. ,....., )( .....,_, 

fiJ 
~ ~ ~ 

~ riJ • ~ 
l>-4 

C II ·-LL NJ 
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- - p3 
ll-

e. ote a imensional 
. . 

ariables ec r 0 I i 

. 
It e 7L raa ce c:r:: 

~ ---'" 
Let Y= X 

. 
w er 1$ so e 

• • • g• ve mat II II> ..te. 

- mn Yn 
~ 

1"11\£ - J -....... - . 
For I rge J 

est·, a t e. ar-st-
• I I s or e e ~; I J as 

. 
.ca ed a 1--.. I s e 
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-~~..~~-

The joint pro b a b·, I i Jty ens it: v unct::j o : 

tx.y(x~ )= 8 ~ -2.Ye-2x'U(x) ) 

as a rg; rna 
. 

ens' ... · 

fy y) = -2.y ) 
Given t; :: ' at-
est i a t: e <:> • [ ( • ) = 

is goo 
it step] 

p, 
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e stoc. 
e 

here -1:: 

X:(-1:: 

e a 

-s-

--

e s s ..A... {t:-) ; .s 

-e 
• 
IS 

i :F-o 
Co i 

d-. s rr- ·, 
r the n o 

·aa.ble oe 
on ( 1 ). 

fe 

--
is a i.so un· o (o •) 

X: are j epende11t-~ 

~ = El 
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-
Hector Gleason anu ac1::urt9s :P; xe 
!re1uenc.y osc.i1 Hators. Two thirds o;, is 
vn.l t:s work. When 't'vrned o they ,..esrond 

' ~(wt) U(-t) wher-e w ·,s the:! tixed 
..t~e<t u e.n ~· The at; her- one t h a "rei J! t '2:?: le.s 
acc.dr ; tl Cl e -0\t U(t) w ""e,... e. 0{ 

is a. wa .s t::he san'\e. et Z:(t: be the 
w o b a i n rom I a son 

• • y ( I h. I er n ' t (x~ ) =? ;:::r:-? 
X(t: > ' 

( ~) Wha-t is t e co r re La t ian fun c 1:: ~on : 

i<x: ( t i .I t2.) = ? 
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sl = -- lr(t Jclt:: 

e- foy Jr(t:)dt I Y= y] 
y E [r(tl] t: l Y= ] 

E ) = E L i + e -«t 
I -«t: - ct1: \ l 

: t .... t Jo e 'do<= 1 - e lo 
= 1 + '- - e -t 1 = e -t 

Thus~ 

t~ : e - t I Y= 

- E' -· --
i .. -· 

- n -- ::. .. 1 .. - i: 

:2. ~ .. (a) f. ( x. £:) = -:3 
X(t) I 

( X - . w t U( t.)) 
t ( - e -oct U(t. l ) 

(.b) t.,t.z.): 

-- 1 }(2.. Xad){":L... 

"'-'here )(. :. ..... 
1 

2. 

( X ~.-. ' -2, I I a) 
, ., x-z.; t,/ t.2..) 

w: 

2.(x,J = 2 ( aJ = · wt 1) [X:=~ 
j =e-«tu(t)) = 

=~6(x,·- .. wt, )) Cx2.- w 2 

+-!; (x.- e -acta U(t,)) 6 , - e -«i:a 
.. 
.. r~ . . 

:. [3 ~~t,)~(wt2) 
+ i- e- (r, +t~)J U(t,) U(t::l.. 
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0 
a -14 
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""'4 
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eats onl 
p ·, i! i!-as.. i I ; .. "gs 
10 of t ti . T 

~i 

c i I;- dog-s. an o I've 
eart: 

olive pia-~as are 
eart: n O'?o 

. 
' ... i i I t:s t i c e s 

worse. 
o t e 

c iii 5 I i! 411 ill has ea -
a ; lity it: 
og-? 

rw,., t 
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The ra d01 

total i e 
; l'lC io a I 

ari ,X, is the 
a li lh is 

gi en it as 

Sup 
to ti 
and 
good 

0 f: i = o.. ssume 
-~)(' 

x: ) = o< e u-( x:) 

se. ·t: at t: b lb wo~l<e 
e t. Fi fx: x J X > 

ote. t e I i t: I is as 
as e . 
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1 
8-Jm-m-

a me ________ _ 
G,...a e ---- 100 

to 1 0 

i. Casey, t e aseb IJ Ia er, ~s a 
ba-tting c=tverag-e 0.300 (~..., ~0.3 
i a B r ul I i i I ) • Est i ate t 

; I i 
( is ext 3o 

t ; I • 
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Oe . - t: 9 
! - ere s re n .. ():q 

J I . 
' vari ce ero ea. w ,. 

0 a. /o r u on t;- h 
I i es et ee . . . 

-a an a ere a 0 IS spec, 1e 

is I oug f;;o ocl 

ce I J i t; re ,. 
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E"f: sos Fi na I 
Part rr 
Thurs_, 8-16-.8 '1 
noon- 1 p.m. 

/\lame ________ _ 

Sc.ore /100 

i. Let: Y be a g-auss·,an random 
variable with mean 71 and variance 
&~ Define t::-he stochastic.. p,-oc.ess 

X(t) = Y 
Compute: . 

(a) ?lx (t) 

(b) R)((t,,t,) 

(c) Cx (~ •, t2) 
< cl ) v Q.lv X(t::) 

Ge) Is lr(t) w ss? 

tor all t. 

-~ 
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X(t) ·as a. \AJSS s-t-ochast:ic process 
wi-th a· first order ensit: : 

fK(x):: e- U(x> 
and avtocorre Jati on: 

Rx: ( ) = -1-rl 

What perc.entag-e of. the time will 

(t) exceed 1 ? 
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Recall the differen-t-ic:rc;on of the 
process: · 

K~ --!L .... r. t cit t 

N'O 3 
Poisson 

~(t) 

t t 
t 

we showed thQt EL~(t.)]-.:. A. and t:hat-

1";: C 7") = t\ 2 + t\ b C '~") 
Is ~(t) mean ergodic? Show your work. 
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~-4 

Let X(t:) be stationary white noise: 

Let: 
-

Rx(1")= 9 b(l) ' 7Lx = 0 

l[(w) '=' J_: X(t) e-J.wtdt 
(a)Comoute the autocorrelation of X(w). 
(b) Is 1X(w) WSS · (widesense stationary)?-
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_, 

"'""~ ....._.,; 
::,"~ 
,,,.: 

V(t) 

Wl<t>. 
I 

'i,dA·IIV j 1~ 
\ 

llt) 

s 

F;U ir1 the blank. with 
t.he best wa veto rrn 

0 

Use eln an:swer only once. 
o ,guess ,,g- pef)a.lty 

(S) increasing; 
1m eon -:------

(b) incr~sing-
var•a nee; 

Cc ) W S S ..._ _ _,...__ __ 

(.d) cons tao t---
me n 

Ce ) cons t'a nt:: 
variance. ----
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c· 
5o l u-Gions FESoS 

i. Let Y be a gauss·,an random 
variable with mean 71. and var·.ance 
cr: Defince t-he stochastic. process 

(t) = y 
Compute: . 

(a) 71. 4~ (t) 

( b) . _ R l< ( t ._ , t , ) . 

(c) c;( (t, 't,) 
< cl) v a.Jt~ X(t) 

C.e} Is X(t) w ss ? 

tor aU t. 

~ 

Sol ui:i oi"J - 1 

~ ::_ ~ ______ Ca _)__ -11-x- - __ E---X_=_E~_Jl__ ____________________ ~------
(6)RK(t,,tz)= t=[r~= cr-z.,.. 11.. 4 · 

(c) Cx (-t,-t,) = R x (t,, 't2.)- ?l z.= cr;?! 

( o\) \lt:vt, X= Cx (t
1 
i:.) = CY' 

le) Yes I . 
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(' 

(t) ·as a._ lltVSS. st:-oChast;ic process 
wit: /, a· f i r s t o r d e r e n s i t; : 

fr ( ) = e-x U(x> 
and atJtocorre Jati on: 

Rx:(1"):: e-11'1 

What perc.entag-e o?.the time will 

(e) exc.e ed 1 ? 

2.~ 

~0{vttoh · · · , 
~x Ct) > 1 'l~-J, ""'e -xdx--------------. ---

-x J ' _, "> = e OQ = e ::. 3" .. '% 10 

(inderendent o-P . R4 

' ______ ' 
-----J. 

( 
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3 
e Poisson 

~0 

~(-t J 

... ,., . ·~ .EL ~ 
dt: . , ' I ~ , I I 

t 

we showed thQt E[~(t)] .=-A and chat: 

Rl!(l)= ~ 2 +,\ b(1') 
Is ~(t) mean ergodic? Show your IVork. 

: I .1..-(0Yl A- fi.f!., ' c J. . fJ . 

-·-··-·-·--~me~~ -~v~~~LC;~~Y is Otl~c:-r;:-~~:--------
c . ancl J_: f C~(?')J dr<oo 

Since C~(1"):. R:e(?')-n:_ 
= )t6(r), 

.. --~ t: I c 2 ( -r J I c1 r = /\ < oo 

yes
1 
~ ;s mean err;odic.. 
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( 

let X(t) be stat:ionar 

R x ( r) = CJ S C r) 

(w) = u• 0'0 
Let: 

c;:;>;;) 

wh~te 
. 

no • se: 

' 7Zx = 0 

(t) e-d-w-cclt 

(a)Compute -the aut'?c.orre/ation of X(w). 
(b) Is X(w) WSS (wiclesense stat-ionary)?.· 

s.,lu~ . , ~-c_c_;;;;LL)-)-•L£_____)(_(_t:_)__L5 ___ :MJ:S_$ ___ t_hen-XCw_)-_ 
• fs w h it, e w i t J, · ./ -~ 

Rx<u, v)= 2rr ~(tl) b(u- ) 
s (w) = J: Rx (•) e -Jw~ciT 

X 

=q 

~ Rz(u, v)= 2rr9 6 (u-v) 

(.b) Yes. Rz(u)= ~1T9 ,b(u) 
~. 
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W(t> 

I~ 
~ 

~lt) 

.1~l .. · 

U{t) 

(t} 

l 1 r 1 

l I \ 

{~ 

I 
I 
l 
l 
! ' ( 
I 

s 

FiJI in the blank. with 
t.he best Wo ve+or!n~ 
Use an answer only once .. 
No guessing; pen a tty 

(a) increasing; 
meon Ji[t) 

(b) increasin~ 
varia nee:_. W(t J 

(c) WSS -, (t) 
(.d) constant- r 

mean _ (t:) 
~}constant:- rr,( } 

variance_ v1 t-
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DEPARTMENT OF ELECTRICAL ENGINEERING 
University of Washington 

EE505 
r~i dterm 
7/24/84 

Name ____________________ __ 

Score /100 

Instructions: 1. Each question has equal weight. 
2. The test is closed book and notes. You are allowed 

one page of notes. 
3. Please do all of your work in this test booklet. 
4. The test will begin at noon and stop promptly at 1:30. 

Problem 1: Multiple Choice (No guessing penalty) 

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

Answers: (a) 0 (e) 3/4 (i) 21/3 

(b) 1 (f) 3/5 (j) 2-l/3 

(c) 2 (g) 21/80 (k) J3« 
(d) 3 (h) 3/20 (1) None of the above 

Questions: Use letters from answers above. 

(i) A= ............ . ---
(ii) mean= ......... . 
0ii) second moment .. . 
(iv) variance ........ __ _ 
(v) median .......... __ _ 

(vi) mode ............ __ _ 

(vii) range .......... . ---

Note: An answer can be used more than once. Only your answers above 
will be graded. 
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EE505 - Midterm Page 2 

Problem 2: 

A Bernoulli trial with success probability pis repeated until there is a 
failure. Let X be the number of trials. Find P[X=x]. 
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EE505 - Midterm 

Problem 3: 

e is uniformly distributed on (-TI/2,TI/2). Y =sin e. Find fy(y). 
1 

Hint: d~ arcsin x = (l-x2)-2 

Page 3 
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EE505 - ~~i dterm 

Problem 4: 

A joint density, fxy(x,y), is equal to x +yon the unit square 

( 0 '$ x '$ 1 , 0 '$ y ~ 1 ) and is zero otherwise. 

(a) Are X and Y independent? 0 Yes 

0 No 

(b) Compute P [X < ~ J Y = 1_] 

Page 4 
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EE505 - ~1i dterm Page 5 

Problem 5: 

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

b+l b 
fx(x) = fy(x) = c x exp(-cx)U(x) 

r (b+ 1 ) 

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

Hint: ~X(w) = (1-jcw)-b-l 
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1;. 

~~~ 

/., 

Soluf=ions 

Ax' 
E:Esos 111id1:ernt 7/2yf~ 

'A fx:(x) 

. I 

(l) j.,'Ax"Z-Jx=1 =A i"-x3 /o= -}~A;3 
(.U.) 3 J6 ' x 3Jx = 3 t -~ ~ 

o 1 x (.U:;) 3 fe.' x'"'dh<= ?- xs-j; = 3/s =:> -=l 
• 3 q "*-;a- 2.1 (MJ'\ (77..::. - --- - ·/. ==;> o-

.,1 S" I'- - "i~O - /'!10 "*6 
1 

(v) 3 Jot)') xz.J>e = 3 f ~X~){-=~=> )( 3 1::: K"5 /,... 
3 . _,__ ...L • 

m = I -m3 ~ zm 3 = 1 ::::!:> m =(!12 )3 -= 2-3 · ~ J 
(" .i) C. I e4 r f y 1 rna')( 8 s @ X= i = ~ _h 
{vii) C/ early .J ! =--':> _b 

2 .. Pr [x = !] :: Cf p,.. [r=-_ q J = p 3 <j 
P ... [r= z] = PCf :- ··--

P,.[X:=-3]=-p~ P..-f:r= "]= px-~4=-g;eomef::ric 
3. Y =A.:... G -> EJ = g--'<-r)= ..U:.. y -*=Stric::f:~ it>Uea5if'tg-

/.y:{.f)=- <f~'cr) t'e<g--'<y)) on (~~)' 
1 . ( . _,. [_.__ . .. -· l ~ 7rl f8 (e)=-1frr ;1eJ~"Tl12. ~> fe. ~ y)= 2v .~r.A4k 1 :rz 

· 0 • t:>-1:; I, erwise- . 0 ; o-f: Ia e,. w•S~ , .• . .. . g{><) - . _, . 
·· 1--. ~<!~ye~=.>-tLy<l 

~ x=r; .. 'C.y) Thu<t:. .f. (y) t- r/:rr • If I<. I 
Y~ r v1-yz.' .1 -t /11 . 

--u-1 o ; ct;./.e,.....,;se 
qLa) No! (h) -t~(xly )= frY()(,y) / trf..y) 

fz{y)= J:('~+v)dx= ~+ yx I~= ~+y 
.. I' (x fv' =- X+ t on -t .he UJI) it: :sruare. g--iven . .. • rx ..t.l 't"+ y ..L 

P [ x: L. ~I r =1: '. J "' ,. '12 £: ~ ch: f -::_ ~f 2(>!+> f)xlx - _,_. J 0 2.. . . ' y =i .3 0 -l,. 
=4 (· :x2., ?..+ ... ::·:::....,) 1 'lz.- 2 ( ~- ··:· .. , )· · 2.. r- ,o _ s-

.... --... ...._...,) ·~·~' A - _, I' ~ ~ -· - • ...::l - ~ - ~ 
- .3 . A ... 

0 
3 8' '·" ~, -:_ fb -~- 2 !1 I 2 -(2.b ... r}-l 5

• fc(w)::. i:r(w)fy(w):: (1-Jcw) - =(•-Jew) 
::: cJ~Qt-acter~ stic. .fut»et~ Ot'l DJ! g-aetttt~a f'. V.. wit:- I, 

paraJ'tlaeters 2br 1 t c.. Thus 
. . c2.b·J-'2.. zh+l -c.x 

fe- ( ~) = r'" _ l .JL .... ~ X e tT(x) 
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5o I u ~ions . EF SoS 1'11idt:er,_, 7 / 2 Y I '8''-f 
. I 

A x'2.. · r • -." ..L x3 J - A ~A -3 1.- ill_ (-') J~ AX"'-aX=f = 3 o- 3-.;- -\a fx:(x) e; cl 
(,iA,) 3 Jo' X 3Jx = 3 ir =--,. e -

o ' x (.u:,·) '3 fe.' x,..Jx= i""- xs-j; = 3Js ~ _± 
CM.rJ c- -z.. =- ~ - ..!!.._ = &~-s= =...::a =2. 1 ./ :::::::;> o-

.::;; /,, <$10 /flO ;:!; I 

( v) 3 fo ~ X-z.J X::: ~~ _f 8 
X ~J X =- f :::;> X' 3 1: :: )("51 m 

'3 m . ...L. ..L. • m : 1 - m 3 :::;> 2. m 3 = 1 ~ m = ( !lz )3 : 2- 3 ~ _..d: 
(~.i) Clearly 1 rna)( is@ X= 1 -";>_b 
(vii) Clearly-' 1 =-..";> _b 

2 .. P,. Ex== !] ::: 9 P~ Cr=- ,_,] = p 3 <j 
P,..[r= z] = p~ :· 
p,. [r= 3] = p~ P~ fr= )C J = p x-~ dc=-r;eome!t:ric. 

3 .. Y==~e -"> G =g--'(y-)=~- ~Strie:t~ increasi,.,g-

/y:f-t)= d;'~rl t®<g-'(y) .,., (~f:) 
) 1\ ( • -r ) [....L.. ., . -• } ~'117--.f f9 (e)=~~ ; te Je.-rr/2. -:: '> re . ~ Y = :zv _,.~ Y ~2 

{o ·o-tJ..e,.wise 0 ;t::d::/,~,.wesc. , 
y =~(;c) -,.,.. • _, !t2j ~~~ y ~ ~ =='> _, £. y<' 

-"% . ~• t/ rr ...., ~ x=g- C.y) Tlu.Js:. P (y)t , . 1"11:.. s 
~ 7 Yl-y~ ~ ; ' 

t /J I- . . 
- I o ot:.Ae,. ~~ se 

q.t_o)NO! (b) f-z;:(xly )= frse-(3C,y) ~(y) ~ 
f~<y>=f:('K+v)Jx= ¥•rx I~= ~+y 

•·• fx(x /y)::.. ! ! V on unit ~rvare 

p [X: ~>:!:i I r =1 J =- 2. fo '/z .£: y_ d J( I -= 
2. - • '1: 2. y y _, 

II z.. ::. ( """' 2. -lo -- - Q -

- ~ - , 3 ~ 3b- I -(2b 'trJ) -I 5
• f~(w) =- ir(w) ~y(w)-::. ( 1-J cw) 2. 

2
: ( 1-J cw) 

=c Qracter~stic funct~Or'l o.f. g;a Ma f'. wit-l, 
para~eters :.zb.,... ~ t c .. Thus 

e 

l, 

.P~(~): 
C 2.b + '2.. 2. +f -C.K 

2
) X e t7(x) 
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2.7. 

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

A: a head occurs on the first flip 
' ' 

independent? Yfr$ 
B: a head occurs on the second flip 

2. A fair coin is flipped 2 times. Let A be the event 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 A 
and B independent? '( E' 5 
3. An urn contains 4 balls numbered l; 2, 3, 4, respectively. Two balls are drawn 
without replacement. Let A 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 A and B independent? ~ 

4. If the drawing is done with replacement in problem 3, are A and B indepen~e~t? 
5. A pair of dice is rolled 1 time. Let A be the event that the first die has a r~~t, 
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 
6. A fair coin is flipped 3 times. Let A be the event that a head occurs on the first 
flip, Jet B be the event that at least 2 tails occur, and Jet C be the event that we get 
exactly 1 head or that we get tail, head, head in that order. Show that these 3 
events satisfy equation 4 of Defini~ion 2.7.3. but not equations 1, 2, or 3 ... 

7. Prove that if A and Bare indeP,endent, so are A and Ii. 
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? (0.7) 15' ' { 'ff) (0., 7) 1&/ ( 0.,3) 
9. Three teams, A, 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 

P(B beats C) = .8 

P(C beats A) = .9. 

Compute the probability that team A wins the tournament; that team B wins the 
tournament. Compute the probability no one wins the tournament. 

o.o'1, o. -2'1 , .s J 
2.8. 

1. A fair die is rolled until a I occurs. C~mpute the probability that: 

(a) 10 rolls are needed (.:5:-' q (i;-J qJ/ · 
(b) less than 4 rolls are n·erdecf 2 J' 
(c) an odd number of rolls is needed.' /11 

2. A fair pair of dice is rolled until-~ ·iocc~rs (as the sum of the 2 ntl.~ .uers on the 
dice). Compute the probability that 

(a) 2 rolls are needed !!>/3 ' 
(b) an even number of rolls is needed . .S/11 

-~----·· 

3. You fire a rifle at a target until you hit it. Assume the probability that you hit it 
is .9 for ea6h shot and that the shots are independent. Compute the probability 
that: 

(a) it takes more than 2 shots. () .0 I 
(b) the number of shots required is a multiple of 3. I/ J 11 

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: 'f 

(a) it takes him more than 4 attempts (o, q ) ) 10 
(b) it takes him more than 10 attempts.(0.'1' 

"-' 
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 you arrive at the light at a random instant between 7:55a.m. and 8:05a.m., 
what is the probability that you have to stop at the light? 3 J J C 

(b) If you arrive at the light at a random instant between 7:54a.m. and 8:04a.m. 
what is the probability that you have to stop for the light? '2. J ro 

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? Between the 1 and the 
6? J.,.. _,_ ~ 

J::Z, a:a., 1:2.. 
7. A point is chosen at random between 0 and l on the x-axis in the (x, y) plane. 
A circle centered at the origin is then drawn in the plane, with radius determined by 
t~e chosen point. Compute the probability that the area of the circle is less than · 

rr/2. :tr '(:i;l . 
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? Z/,3 
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12. Given,, .AS probability density function 

derive Fx(t). 

'fx(x) = 1, 

= 0, 

99 <X< 100 

otherwise, 

13. Y is a continuous random variable with 

jy(JJ) = 2(l - y), 0 < y < 1 

= 0, otherwise. 
Derive Fy(t). 

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

/z(z) = 1Qe-IOZ~ z > 0 

= o. otherwise. 
Derive Fz(t). 

EXERCISE 3 • .3. 

1. If 

"' 

Px(x) = !, x = 2, 4, 8,.16 

=ompute: 

(a) E[X] '5J:J. 
(b) E(X2J ~S 

= 0, otherwise 

(c) E[1/X] IS'/'"( 
(d) E[2XI2] I 'Y(j .?._ 

2. Suppose thatfx(x) = !. -1 <X< 1, compute: 

(a) .E[X] (!) (c) E[X + 2] Z. 
(b) E[X2] ~ (d) E[X/4 + 7] 7 

3. Given 

(e) 11x2 and 11x, 

> IJ !S 

-rr 
2 .L (e),11x ..:3 

(f) 11x· 

/x(x),= 2(1 - :tJ), 0 <X< 1 
= O, otherwise, 

compute: 

(a) E[XJ -t {c) E[(X + 10)2] '21 

(b) E[X2] )t (d) E[l/(1 - X)] 2._ 

4. Show that E[X - f' x] = 0. 

2..1... (e) 11x 1<£( 

(f) 11x· 

10. The adult height of a 3-year-old boy is equally likely to fall in t!1e interval from 
5 feet 6 inches to 5 feet 11 inches. What is his expected height? 

EXERCISE 3.5. 

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

2. Suppose that b = 0 in problem 1 above. Derive the distribution functiOn for Yf 
defined as in that problem. 
3. Given 

/=·~·· .. 
' =z-

t < -1 tz(-t): -4-. 
; 13;-t::~/'7 

-1 ~ t ~ 1 

=1, t>l, 

find the distribution function for Y = 15 + 2X and the density function for r. 
4. Suppose that 

Fw(t) = o, t<O 

= 13
, 0 ~ t ~ 1 

= 1, I> 1 

and let z ~ w- t. Find Fz{l) andfz{l). .f' ?ft:): 3 (t+l ); •j ~ 1:~0 
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5. If 
Fx(t) = 0, t < -10 

=i· -lO~t<O 

=l· 0 ~I< 10 

= 1, · I~ 10, 

find the distribution function for 

U == 7X- 50 andpu(u). 
6. If 

Fy(t) = 1 - e-t, t ~ 0 

i < 0, = 0, 

find Fx(t) and fx(t) where X = 2 Y - 7. 

10. Let 

. \ 

• Fx(t) = 0, 

= t, 
..;, 1' 

• . I 

and find Fz(t) and/z(O where Z .;. Xlt 

U. If 

& 

EXERCISE 4.3. 

Fx(t) =.0, 
t + 1 

=-2-

= 1, 

• 

t<O 

0 ~ t ~ 1 

t > 1, 

t < -1 

-1 ~ t ~ l 

t > 1, 

t'g:le)-:. -!r 6 (t "f'l 
..,. i <0(-t 

""" if 6 (t .. 

...1-2ft\ ; o~ t~ I 

1. It has been observed that cars pass a certain point on a rural road at the average 
rate of 3 per hour. Assume that the instants at which the cars pass are independent 
and let X be the number that pass this point in a 30-minute interval. Compute 
P(X = 0), P(X ~ 2). •· • · . · 

2. It has been observed empirically that d~aths 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. 

I / 
3. It has been observed that packages of Hamm's 
of a particular supermarket at a rate of 10 per hour during rush periods. What is 

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 
during each of 3 consecutive, nonoverlapping tO-minute intervals? 

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 year? What is the probability of there being no accidents 
in a given month? • ""'? 

EXERCISE 4,4, 
. 

1. Suppose that X is uniformly distributed on the interval (1, 2) and we construct 
a square having sides of length X. Derive the probability density function of 
Y = X 2

, the area of the square, and compute P(Y > 2). 1/:J.t/E' 
1 

2.-~ 
2. If X is uniformly distributed on the interval (1, 4), derive the density function 
of Z = Xll2. 2-t'/ ~ 

5. Suppose that quarter-pound bars of butter are cut from larger slabs by a 
machine. We assume that the larger slabs are quite uniform in density; if the 
length of the bar is exactly 3! inches, then the bar will weigh i pound. Suppose 
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 
this machine are independent, what is the probability that all 4 bars in a particular 
pound package of butter will weigh at least i pound? That exactly 3 will weigh at 
least ! pound? 

·- F-z;(e): (i - -A' 
6. X is uniformly distributed on (0, 2) and Y is exponential with parameter l. 
Find the value of A such that P(X < 1) = P( Y < 1). t!J, ~ <j' 
7. Calls arrive at a switchboard according to a Poisson process with parameter 
A = 5 per hour. If we are at the switchboard, what is the probability that it is at 
least 15 minutes until the next call? That it is no more than 10 minutes? That it is 
exactly 5 minutes? 

8. A newsboy is selling papers on a busy street. The papers he sells are events in a 
Poisson process with parameter l = 50 per hour. If we have just purchased a paper 
from him, what is the probability that it will be at least 2 minutes until he sells 
another? If it is already 5 minutes since his last sale, what is the probability it will 
be at least 2 more minutes until his next sale? 0,/ ~ ~ 2 

1 
0. I 8'8' '2.. 

9. X is uniform on ( -1, 3) and Y is exponential with parameter 11.. Find A such 
that ux2 = ay

2
• ~ ~ ~ · • 

10. X is geometric with parameter p and Y is exponential with parameter A, Find 
A such that P(X > 1) = P(Y > 1). ) 

11. We are given a Poisson process with parameter 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. ( 1 ... 2 t.)"' Y-:t 
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EX 'ISE 4.5. 

1. Assume that the time X required for a distance runner to run a mile is a normal 
random variable with parameters It = 4 minutes, 1 second and 11 = 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? 

2. The length X of an adult rock cod caught in Monterey Bay is a normal random 
variable with parameters It = 16 inches and 11 = 1 inch. If you catch one of these 
fish, what is the probability that it will be at least 14 inches long? That it will be 
no more than 17 inches long? That its length will be between 12 inches and 15 
inches? S"'/ 

13, If Z is a standard normal random variable and we define U = IZI, then U is 
called the folded standard normal variable. Express Fu(t) irt terms of Fz(t). 

<3, Suppose that we are given a target with a vertical stmight line drawn through its 
center. Let us assume that if we throw a dart at this target and measure the distance 
z between the point we hit and the center line, then Z is a standard normal random 
variable (if the dart lands right of the center line the measurement is positive, if it 
lands to the left of the center line the measurement is negative). Then, the distance 
from the point we hit to the center line is IZI = U, the folded normal random 
variable defined in problem 3. Compute P(U > 1) and P(U < !). tJ,3tl./7/ 0.'3 "630 

I!J 7. Show that 

Joo 1 
--= e-<o:-p)2/2u2 d?J = 1 

- cc 11V2rr 

for any p and for u > 0. (Hint: If 

!hen 
f oo 1 

,--!!_ = ---= e-<re-JtJ2/2"a d?J, 
--. -oo 11V2rr 

A2 =foo foo ~ e-<O:-f<)2/2"2'.2(!,~iJl2/2"2 dx dy; 
_

00 
_

00 
2nu 

I 

let u = (x - p)/11, v = (y - p)j11, and transform to polar coordinates to show 
A2 = 1 which implies A = 1.) 
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1. Three dice are rolled. Consider the following events: 

A: The outcome on the blue die is odd 
:B: The outcome on the red die is even 
C: The outcome on the yellow die is one 
D: The sum of the red and yellow dice is even 
E: The sum of the red and yellow dice is four 
F: The s~~ of the red and yellow dice is five 
G: The Slli~ of the blue and yellow dice is three 
H: The sum of the blue and yellow dice is two 
I: The sum of all three dice is three 
J: You will pass the test 

Using the notation: 
m = mutually exclusive 
i = independent 
s = one event is a subset of the other 
n = none of the abov·e 

classify the following event pairs: 
• 

A and :B » 
·= 

# r -....J 

A and C I 

• SH)C.e I 
P..-[D I B] = Pr [0]:. i" 

:B and D 
.. 

C and D I 

D and E s ,. 

C and H 9 
C and G t1 

C and I ~-s 

Hand I s 
• 

A and J ' 

>. 
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Compute the distribution function, Fx(x), for a Rayliegh random variable 
with parameter Cl( • 

{\ ..., -x <. 
TJC(x) = ~ 2. E zor2.. lf(x) 

1 '}{ ""/ , . -s "Zo(~ 
FxCx) = o<"- o )e .13 

-c - s"'izoe z_ J X - ;(Z e._ . 
0 

; C:::.. c.onsta"'-& 

- c [ - x)'z_o(j l'-.1: c.' ) -·-:u-e ux 
o(2j I ., 

5i n ce r::x:. (o0) =- 1_ 

r::K (x.)::;. ~ - e-x Yz...c ~ u ( )() 
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Let X be a Laplace random variable. Define Y = U(X) \-There U() is the unit step. 
Find the density function for Y. 

C I ~a y- ',r / ~ .P. 
,.p-

.X x> o --.y- _ ,., 
- ~J_--L 

JC<o Y= o 
./ 

7/HJ5/ ha I.P.. -c-h e mer ss g-oes -to t=ero 

011o( ht::t J.P. t-o one : 

f-rCJ) 

II ...L 
'Z.. _t~ 

0 j_ 7 
Of' 

---- -&(! J =- -:k- ~ (y) .,_ :t- ~ (y -t) 
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a. 

-4-

CONSIDER THE TRUNCATED CAUCHY DENSITY: 

(a) Compute A 
(b) Compute E(X) 
(c) Compute var(X) 

fx(x) =t:(x2o+ 1 )-1 

(d) Compute the conditional density, 

; }xf~l 

; otherwise 

f/xl x> O). 

f , ~ J' dx 
_

1 
-rg{xld x = !L =- A _ 

1 
X 

=A tu,_~'xf_:-=- A [=tf-(-?f)J:c ~ ~A=:ij=-
h. E:[:KJ ==-0 !'5is?ce fx is even 

r. '-1 2- (' I X ~)( 
c, v~ X:= £ t_}I: _J = TP J -• J< 'Z.-+ 1 

d. 

=:c ~[~- ~')]~. 
= ~!1- -z.._._-'1)- ( -,- t;..._-'-, )] 
~rr-[(1-f)-(-,+fD -
=:. 3::.[1 - IC 1- I - Jrr] ::. 2::..[2 -rJ -_j_ ~'~ Tf. q 'Zf -rr '2- -1T - ..L 

f~Cx} _ i!JrCx fJC >o) :- 0. '27 3 2 t.f 
.--!L 

g 

- ' , 
fx: CxJ:z:>o) == 

; " ~ 

I 

LJ /rr . 
O!=X~ I 

x'2-+t 
0 

/ 

" o-t-h ert-Vi s ~ 
/ 
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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. Wnat is the probability you will win at 
least one of the major prizes? Give a number for your answer. 

P[win]= }- P[/oose_:J 

/) [t· J- «}q<iJt.i 1- oose -
~ - , 

~9q3 ~ct<1'2.. 
• • qct<iCf <::f118 

• <r9'11 
9 t:.]Cf 7 

/' 
Y:;srst 
dt"etW 

/!J !I 
~{!:e;D '{h fl"-ef 

/. ,:Ov~-t:h 

=o,<t17G.O 

~Pr[win] :::-o.ooL'{O 

~:li\'JII!:;;!I\1 mm rw w w~---·-·-~ 
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You perform a ~ernoulli trial. The chance of success is p. You perform 
the trial until you get a failure. Let N be the random variable equal to 
the number of trials performed. 

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

(C) Compute E(N). 

c ~) p,. r AI :: , J =- cr 
Pr[N:: zJ ~ Fl 
Pr [N.= 3] ~ p oz.~ 

. . m-• 
P~[N= rnJ = p Cf 

(b) f""(x)= ~ pk-•'1 &(x-k") 
\ .J<.;: I 

(c) E[JC] =-1 i. k p k-1 

t [:&:] _ ao L k- I - c: ~'P -
Cj' J<_-;:.1 

00 

~ kpk-1 

J p £[X_' 00 k.. 
_::-.~Jp: c=.. p 

'J ).(.:=./:~ 
+ COJ'lSt: 

~[X-] -
1 - (-i- p) -;z_ ' 

..,_ consf::-

oo k..-1 &• ven as 
Z.. k p ~ ~tH-,nt'' 

-- ...:.. ' 1-p 

i<=- I 

r[v-J - <j -c;::.. .;!,l- - c -'\ '2.... -

I 

~ 
Ned:: e : Fo rr cc r !f"l I ::::- 2. 
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A random variable has tnlit variance and zero mean. You wish to set a 
threshold, T, so that the probability of the magnitude of the r&•dom 
variable exceeding T is no greater th&• one chance in a hundred. \·lhat 
is a good value for T? Justify your choice. 

lc heb;chef.F.S 

Pr·cr:x= \ ~ f<] L 

k;:. /01 

~ A.tVt- T =:- I o 

~}or 
L-

1<. "2.. 

7!: e t"o vw e4 n 1 Cr c;., L i 
I 

/00 

--· Z&J& aas : a mat iiZiAMhti± ~1MRwmu~ ~ ~~------------
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QUIZ ONE NAHE ----------------------------EE505 
SuJnmer 83 
J)ob Marks SCORE 

----------------~ 17S 

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

A: The outcome on the blue die is odd 
]): The outcome on the red die is even 
C: The outcome on the yellow die is one 
D: The sum of the red and yellow dice is even 
E: The sum of the red and yellow dice is four 
F: The sum of the red and yellow dice is five 
G: The sum of the blue a~d yellow dice is three 
H: The sum of the blue and yellow dice is two 
I: The sum of all three dice is three 
J: You will pass the test 

Using 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 J) ------

A and C -------

J) and D -------
C and D -------
D and E -'-------
C and H -------
C and G ______ __ 

C and I ------
Hand I -------
A and J -------

Helpful hints to use elsewhere on this test: 
a. xa fx-ex =A-Xe 

J Jx = ~x 
x:z..+ 1. 

00 k 1 z:a = (J -a)-; faJ< 1 
k=o 

~+1 ±!I: q 

00 k-• -2 -
L_ka :(·.·a-1.) jla}<i 
k=-1 
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Let X be a Laplace random variable. Define Y = U(X) where U() is the w"it step. 
Find the density function for Y. 
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CONSIDER THE TRUNCATED CAUCHY DENSITY: 

fx(x) =fA(x2 + 1 )-l ; Jxffl 

· (· 0 ; otherwise 

(a) Compute A 
(b) Compute E(X) 
(c) Compute var(X) 
(d) Compute the conditional density, fX(x/ x> 0). 
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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. \f.1.at is the probability you will win at 
least one of the major prizes? Give a number for your answer. 
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You perform a ~ernoulli trial. The chance of success is p. You perform 
the trial until you get a failure. Let N be the random variable equal to 
the number of trials performed. 

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

(C) Compute E(N). 

... 
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A random 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. 
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s.JO Co.-t elation and power spact;rnm 

R(r) 

k 
0 ~ 

~ 
-T 0 T 

'I 
0 

f 
0 

T 

T 

~ 
T 

"" T 

CO$ Wol' 

r 

'l'ablo 10·2 

I 

I 

I 

S(w) 

w 

4 sln2(wT/2) 
Tw2 

0 2vfr w 

r· !\ · -n. 
·wo 0 wo w 

~· 
0 IJ 

'1 1-
0 I!J -

ili 
-w0 0 w0 w 

[Chnp. 10 

,I 

!i1Table 10-2 we show a number ofautocorrchttions and their trans~ 
forms. We leave the easy proofs as exercises. 

Comment. The power spectrum S(w) of a process x(t) can bo 
expressed directly in terms of its second-order density j(x1,x2; r), 'l'o 
this end we introduce the Fourier transform of j(x1,x2; r) with respect tor: 

G(x1,X2j w) = J _'~~., j(x1,x2: r)e-J'wr dr 

Since [see (9-7)] 

R(r) = I_"~., I_"', Xtxd(xt,X2i r) dx1 dx2 . 

'H""1*~~;fWP;i(~~r.~, 

,; I, ~·i ,! 
.;~ 

;.i:) 
:} ; 
'3; 
··r~ ; 
'(. 
,·· 
\ 

::.-

l 
~ 

~'·l" ·,,,t 
'1~ 

·,~· 
~:} 

I 

Sec. 10-2] Power spcct.rrpn 339 

rn this cnse the basic reln,tionships (10-14) and (10-15) ta~? the form 

S(w) = j_"',. R(r) cos wr dr R(r) = 2~ J:ttl S(w) cos wr dw (10-17) 

· The cross-power spectrum S11(w) of two processes x(t) and y(t) is the 
Fourier transform of their cross-correlation: 

Sx1(w) = J _"',. R%1(~)e-Jwr dr = Six(~) (10-18) 

The Fourier inversion formula gives 

1 /'" R21(r) = Z1r _" Sx1(w)elwr dw (10-19) 

and with 'f' = 0, 
1 . . 

27r /~"' .. Sx1(w) dw = Rx1 (0) = E{x(t)y*(t)} (10~20) 

If x(t) is the voltage across a two~terminoJ device and y(t) is the resulting 
. input current, then the above equals tho expected value of the power 
delivered to this device. 

If the processes x(t) and y(t) are orthogonal (see page 298)1 then , 

Rx1(r) ;:::: 0 Sxy(w) = 0 

In this case (see (10-7)] 

R;(+Y(r) = Rx(r) + Ry(r) Sx+Y(w) = Sx(w) .+ 81 (w) 

Table 10~1 shows the correspondence between a process x(t), its 
autocorrelatiot:J, R(r), and power spectrum S(w). The justification fol
lows easily from definition (10-14) and the elementary properties of 
Fourier transforms (see nJso (9-85)]. 

Table JO .. J 
x(t) R(r) S(w) 

ax(t) lai 2R(r) jaj!S(w) 

dx(t) d2R(r) 
w2S(w) --dt dr~ 

d•x(t) (-l)" d7nR(r) w2"S(w) 
dt• dr~• i 

:x(t)e:l:fw1c R('r)e:!:fwor. S(w =F wo) 

Sct;l St;lo, 10·6 i R(r) cos wor H[S(w + wo) + S(w .... wo)J 
-~-· 
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EE505 Final Examination Summer '83 

l. A random variable X has a characteristic function: 

if X( W) = 
2 

A cos (aw) 

where a is a given par~~eter. Compute: 

(a) A 
(b) E(X) 
(c) var(X) 

(name) 

Score = -----~/l75 
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Sometimes the expected value of a random variable is not such a good 
estima·te. For example, let X be a Poisson random variable with 
parameter a=l. Let 

Y = C -·l)x 

Compute E(Y) and comment. 
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Let X be a g~~a random variable with n &! integer: 
n-a-i 

c n 
fX(x) = ----. 1 x exp(-cx) U(x) n . 

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

X = ~<"'X N t:-;. n 
n:a 

Find the density function for the average, fX (x). 
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-4-

Let ? and Q denote independent random variables both uniformly distributed 
on the interval from zero to unity. Define the process: 

Find: 
(a) E(X(t)) 
(b) R(t

1
,t

2
) 

(c) var X(t) 

X(t) = r e-Qt U(t) 
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-5-

We draw N iid samples from a shifted Laplacian random variable with mean ~ and 
variance c:r-L; Give an approximation of the density function for the average of 
these numbers. N >> 1 
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-6-

X(t) is a stationary random process with mean~ and autocorrelation 

2 
R( 't") = x exp -a J-rl 
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 our take-home problem last week, we found that the joint density, 

fXY(x,y) = 8 y2 e-2y e-2xy U(x) U(y) 

had a marginal density 
-2y fy(y) = 4 y e U(y). 

Given that!~;(, what is a good estimate of 
-r.,.....7 
X 
.,.._~4/1' 
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EE505 Final Examination Summer 1 83 

"• 

'5o( v-c-1 ort5 / I I 

1. A random variable X has a characteristic function: 

iE X ( W) = A cos 
2 

(a w) 

where a is a given parameter. Compute: 

(a) A 
(b) E(X) 
(c) var(X) 

(aJ 

(b) 

§:r;: co) =- 1- :::::=--;> A ~= i 

g) X: (c.,)) ::. -t ( I + ~ LQ <u J 
~::: -_L 2Ct ~240 = -Q~Z.Q4.) 
d0 z. 

d ~r:(o) ~ j E[r J = 0 -===-> E(.r) =- 0 
d. q_) 0 

(_c) az§:r;;_ ::: -a (z.a) ~ 240 
d c.u'Z-

c! 2 Px:C i) ==-~ £i:Jc-z_)::: ~ za "2. => E(x:) -::o z.Ct <-
dw2- if 

VaA-JC =: E(~xc_)- E
2
(K) 

::::. 2c.f z_ 

~~lffl!tl:a'l\riilW$1R,!l!i'.!t:fJW1im&'t:.'ti!Efi!!'!lll"!'1i\•to<i~lii!'!S<C!ii!J:II'£DciJ£mlblilii • aa~---· -·-----.... --·--~~--~---
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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 = C-l)x 
Compute E(Y) and co~uent. 

~ 

G[r]==- ::? (-1) k 
e-~ a k 

/C(:::.1_ 

JL=o 
00 - e-• L 

}<::::-0 

e~a ) ((... 
k.l . 

• 

I<.' 

c=-1 -~ e 
=c-z.. 

=O.t3s-

CbMM~Air· Y 1:5 always ± 1. 
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-3-

Let X be a gamma random variable with n an integer: 
n+i 

c n 
f (x) = ----x exp(-cx) U(x) 

X n. ! 

Let (XnJn=l,2, •.• ,N) be iid samples from this density. Define 

- 1 N 
X= -~X 

N~ n 
n:r 

Find the density function for the average, fX (x). 

~r (w) = E[ e J«J~J = t:[ eci-sr#.x.J 
= E[JJ. eiw~-l"'J 

N ,. 

~ JT: E [ e d "'x..f"' J 
E:tJ [ eci""x:.tj 

~;(*) 
...- fls-1 c.fl-t:;extr..::: 11-f.-1 
l-.rol'f1 · C 

;:{::; ( w J == __:...::.--.- ) t1 +' 
~X: ({;:., -d w 

CIJ(Nl+•) 

~ ;r;(w) ==- ( , ... w, tJ (.it+•} 

1\ n + 1 = N (II +• ) 
I ~(N n .,.. N + 1)- J 

~ C-JN) ~ 
n 

Frob] ~ u,.,. i eT' x .ft-ov wc .... ·s: ca I in¥; 7;_ h eo r eVI1 
(""" n.~J- a , n - c(NX) 

fr(x)::. N ---"I (Nx) e .JlLx) 
n. 

. tJ{n+-•) Nil -t-JJ +I . · 
N c ( x) -ctwx 
(!JnrN+ r)!. }J . e . Wx) 

·'; ~~, 
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-4·-

Let P and Q denote independent random variables both uniformly distributed 
on the interval from zero to unity. Define the process: 

X(t) = P e-Qt U(t) 

Find: 
(a) E(X(t)) 
(b) R(t1 ,t2) 

(c) var X(t) 

·-

(d) £[XJ-c)J=- E[Pe-G;>t:: Ut-eJ] 

=£[f]t[e-~tjuCt) ; E[PJ"' t- t: 

[e-~-tl_ (' I -1~ _ -:...Le_ -q-f:J I= I- e-
£ _}- /o e 1 - 'f:: lo t:; 

I -t::: . 
~ E[X(t)]= ;_ ~ lJ{_-e) 

(v) R.(t::, C2.-) = E[xct,)X:c-t:-z-i]:::. cLPze -Cjl Ct, +~)JJE(-~oJWt;) 
= E[P 2

] E:[e -<i>(t,-t- tVJ JZ(t,) Lr(t~) 

E[P'] = .fo 'p ~F =t- e- (t:-,+t::oz_) 
~re· -<t> (t. 'f-C'l:-' l :::. , - . 
r::;, _j t; I + -f:: <... 

- (_t:; +t7!..) ) ===> R (-c l -t::c...) =- .!__::::_ e ~ U { t:::,) Ll (_ tz. 
3 ( -t:, ..,_ -t-·~J 

(C.) E[X-~t:) J ::_ f2 (t:/ t:):::. I~$"- zt U(-t:_ ) 

v tvz- X:L-t:') ::: £:[Jr:·2
] -· E(Z:) ~ 

--z_ ;: c ;~-zt:-- c;_~-e)'p(t) 
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-5-

ife draw N iid samples from a shifted Laplacian ra11dom variable with mean. fl... and 
variance &"2.; Give an approximation of the density function for the average of 
these numbers. N >>! 

Ce J? f:y.o / J 1 nJ it: f::: hear e.~ · . 
-~ X:=J/.c::::-~ 

J?;:;l 

E[~J == E[.X:] = 71_ 

- o-Z -N v.M.....r= 

-=::::;>-z; . 
JY} n oriiY1a l 

~ 

~ ~ ,[iJ1 
_.;;..-;:-

V2.Tr 'er- e 

{ Me~n:::. ?t. 
./ 

(/~ ;:o o--~ ) 

_(x-7t)z N / 

z.crc./N 
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X(t) is a stationary random process with mean 1?. and autocorrelation 

2 
R( 1") = x exp -a J-rl 
X 

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

(;. [r{i:) L T] :=. ? 
1 

Varz. =- {" j(-z_ - 'Zt ~} 

(x-~)'--, 
]C (t-) ~ v:i:;? _'al ~ "" 1 L- zv~ 

fJr {XX -c)£ T] =- 1~ 
~ I - (K-~ r~-
(z.,-1vtt~t.- e -'2.. v~ d.)( 

Lei:- y=- X - "'k 

v-v~ ( 
-Pr[~{~J ~ T]- =- J ';-;,;:, ~ e- 'I /"d. y 

. -a~ 

.RA-1'_ T -~ 
= "£ + (/ 1/VO/I...- 1 

_L '4 1#/J- "Pt 

z -~-~x2. -:-Ptv 
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s;~ 
EE505 Final Exan1ination 

Robert J. Marks II 

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. 

"And I trust that you will discover that we have not failed the test.", 2 
Corinthians 13:6 (English-XIV) 

1. Let X andY be independent random variables and let Z =X+ Y. Prove 
or disprove the following general propositions. 

(a)Z=.R+Y "1!11' ·~-=- ~ T~VE 

--"<!!:.. :2:. --.:: + 2. -r: -t" yz.. (b) ?I= X!+ Y" ---,"' 

- t- L_'2.. 
(c) var(Z) = var(X) + ((d) va'(aZ) ~ a2 va,z. 

T t~~e 

2)-:::. d 

~az.~ -a-ze-:2:.. 
'Z -:::._ 

Tftvei!ll 
;;: 

::::::';> ::::: 
+ v a/'L-' :r: 

1 

., 
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2. 

N 

y = - '\:"""' ? N6x;; 
k=l 

where the X k "s are i.i.d. random variables with probability density func
tion 

fx(x) = e-xu(x) 

Estimate the probability density function for the random variable Y when 
N is large. 1 

'- -
::::. 

::::- 1/111 

' ..:-= <II 

_::.') v aA..-

111;. 

1<-=- :;::. 2 

.L. 

-

2. 

1 Recall from the last test that the nth moment of each Xk is CI><J!. 

' II> 

2 

.! 
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:3. A total of N i.i.d. Bernoulli trials with probability of success p are per
formed. The outcome of trial m, the random variable X m, is set to one if 
there is a success and zero otherwise. We form the sum 

N 

Y= I>!(m· 
m=l 

Evaluate the exact probability density function for the random variable 
Y. 

IS 5 a :5 a 

::. 

::. 

3 
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4. The Weibull random variable Y with positive parameters A and B is 

Fy(y) = [1- exp{-~)B] U(y). 

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

X = 

vs 

e 

$ .s r L 

can 0 ":;} 

5C>l 

)1 -
Ji 

r-e e e 
co 

4 

v on.,. 
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5. A random variable has a probability density function of 

fx(x) = e-xu(x) 

vVe take i.i.d. 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. 

L.. 

:::: 

i.J.5 
L 

e .se 
/' 

5 

";; -e 
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6. Let X be a zero mean normal random variable with variance u2 . Let 
Y =X when X is positive and let Y = 1 otherwise. Evaluate and sketch 
the probability density function for Y . 

_L 
2. 

. 

'2.. 

6 
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:: 

7. A joint probability density function is defined by 

fxy(x, Y) = { ~ ; IYI :S: e-x and)( 2: 0 
;otherwise 

(a) Evaluate A. e .s "f 
(b) Evaluate the marginal~~ fy(y). 

( fl 

:::: 
~~ 

•• A -.:. 
::: 

--:::::: 2. 

) 

...JL 
~ i ~~ )' -z. 

l 

7 

-
:: 

-:t y:::. e 
+X:::.. ±. 

.. 
l I L 

~-

he:.!!"'"" iJA/ i s e: 0 
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8. Does there exist a zero mean random variable where the the Tchebycheff 
inequality is met? In other words, is there a probability density function 
for which, for all k 2: 1, 

1 
P{IXI 2: ka-} = k2 ? 

If so, please specify Fx ( x). If not, please explain why. 
\.\ f f 

ere ar-e. a. 

y-:r:i: 
~ ::::..--

- ''u 

_-L 
- • <. 

- 2 

:::;> 

-:=:) 

-z_ 
ce 

00 

- .J_. 
'2.. 

- z. 

> _L 
2 

-=& 

J_,. 
Q.? 

2. -::.t:J 

I j;f: 2_ 

~ e c. an 
L --

5 1!$ ~:he w~ i :5 " 
a-t ion 

" > e we vse - / 

va rio"'! os? 

t:5 '2 .::> xz.. 

2 . ce x :5 c 4116 H, g ~YI. 

Shov' be striCt- t 

s e 

e_ ar-e o 

lS: 

'2. ~::. 

;~ I 
L. 

z 

<::~() ! ----
c:. 

X 

2:. 

VCj 

.5 0 

o-

-t-.e,ee~~ swer- •..S na. 

/ 
. - > .1 

0' (:> / 
> 

c::r- / 
cl 
,. 

+ 

)( 

';:::::. 

v a.s..s 

- v-- ~~-

e: c ;!!'? ua -t 

t}-t- -,_ e ~ 

tlae 

0 t:> ve e - >1-f::er 
< 3~ 

)d X 
)(.j >~ 

e u1 e ua ;t 
e bovl!'l 
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INSTRUCTIONS: 

EE 505 
Midterm 

Wednesday, July 16, 1997 
2:20 PM to 4:30 

411 Rip off the last sheet of paper in this test booklet and put it in your pocket. It is your 
homework assignment due in class one week from today. 

411 Do all of your work in this test booklet. 
• This test is closed book and closed note. 
• You are allowed a single sheet of notes. 
• No calculators pleased. 
• Please use an ink pen. 
• Each problem is worth 20 points. 
• TIE Students: Please ask your proctor to write his/her name on the cover, indicate the times 

over which the exam was administered and initial. 

1. Specify whether the following pairs of events are (a) independent, (b) mututally exclusive (c) 
both or (d) neither. Two points will be given for a correct answer, zero for no answer and -1 for an 
incorrect answer. 

• You pass this test. You fail this test. (You may assume the probability of both events is 
nonzero). 

• A rolled die shows three dots. A flipped coin shows heads. 

• The sum on two dice is seven. 
L 

• There are 

• You have an ace in your poker hand. Your opponent has an ace in their poker hand. 

• You have an ace in your poker hand. Your opponent has the king of hearts in their poker 
hand. 

• You have the king of hearts in your poker hand. Your opponent has the king of hearts in their 
poker hand. 

• You win the Washington state lottery. Your mother wins the Ohio State lottery. (Both of 
you purchased tickets.) 

• You receive one telephone call before noon. You receive two calls all day . . e 
• You roll two conventional six dice. The first die shows three dots. The second die shows 

~w.~<,~,~~~ 

thirty eight dots. 
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2. Ken Griffey Jr. has a batting average of 0.333. Assume this means, each time he bats, his 
probability of getting a hit is 1/3. Estimate the probability that he gets between 20 and 28 hits 

iff 

(inclusive) in his next 72 at bats. 

Robert J. Marks II Library Archive.     RobertMarks.org

Robert J. Marks II Library Archive.     RobertMarks.org 301



3. In the HUB, there are 10 AA, 20 civil engineering and 30 EE students eating husky burgers. 
Five students are chosen at random. What is the probability that there are exactly three EE's and 
exactly one civil engineering student chosen? 
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4. Bill eats only sushi and sausage pizzas. Sushi give him heartburn 10% of the time. The pizza's 
give him heartburn 20% of the time. He eats twice as many pizzas as sushi. Bill has heartburn. 
What is the probability it was caused by a sausage pizza? 
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5. Poisson points with parameter,\= 2 occuraces per hour are observed for a half hour. What is the 
probability that the number of occurances exceeds two given that the total number of occurances 
exceeds one? 
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6. Consider a Bernoulli trial with probability of success p. We perform the Bernoulli trial until we 
get a success. Let M denote the number of trials needed to achieve a success. 

1. What is the probability that, for a given positive integer, m, that M = m? 

2. Do all of the probabilities add to one?1 

1Recall the geometric series where, if lal < 1, 

00 1 
"'"' rn-L.....a - 1-a 
rn=O 
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Homework #3 
Due in class on July 28. 

1. From Papoulis, Chapter 4: Problems 4,6,'7,8,9,10,12,13,14,17,18,19,21 

2. There are two classes of objects - a right group and a left group. Both are distributed as 
Gaussian random variables. The left class has a mean of PL and a standard deviation of O"£. 

The right class has parameters PR and O"R:. An element is chosen with equal probability from 
one of the goups and the result of the experimaent is P = p. Show that 

Probability[the element is from the left class IP = p] = [ ( )] 
1 + ~exp ~ ;;t - , 

vR L R 

1 

where 
rJL = (p- PL) 2 

and 
rJR = (p- PRf 
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INSTRUCTIONS: 

EE 505 
Midterm 

Monday, November 24, 1997 
1:30 PM to 3:20 

~0 ) v-i:l 0 (!5 

~ 

• Look on the web for the next homework assignment due one week from today. 
• Do all of your work in this test booklet. 
• This test is closed book and closed note. 
e You are allowed two sheets of notes. 
e No calculators pleased. 
e Please use an ink pen. 
e Each problem is worth 20 points. 
• TIE Students: Please ask your proctor to vvrite his/her name on the cover, indicate the times 

over which the exam was administered and initial. 

Some potentially helpful equations follow. 

00 1 
:L-=00 
k=l n 

cos(} = ~ ( eje + e -je) 
2 

sin( e)= ~2 ( ~e _ e -je) 
} 

1. Let X be a Poisson random variable with parameter a= 1. Let Y =(X- 3) 2
. Then 

Probability [ -1..5 ::; Y < 1.2] = c x e - 1
. 

Evaluate the constant c. = P,.[ Y~o or y-=- 1 J 
'f :. Pr[ x:- ::::3 or- r~z or X"::: D 

a 3 a-z.. a" 
3T+v+lf! = c-a 1. 

0._ I I ..............- C I X ( 
2. 3 Ll s = e- 1 _!_ + _L +- , ) 

"' 2.. 'Z 'I 

) -lrl2-J c·( ":·.:;-·· =e "-.Z'i 

==s>c=' 
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ji: 
~I I 

- r ' 2. Let X be a uniform random variable on the interval ( -1, 1). Evaluate a strictly decreasing 
nonlinearity, g(x) so that the random variable Y = g(X) is distributed as 

fy ( z) = 2e - 2z U ( z) 

where U (·) is the step. 

ty J 
J p--1 ( _, ) - 2 y ( = J!Y g-( = e 

.Jq--'1 -Z..~ c~v--' -~r ? =- 2e 1 ::::::;> r ; ± 4. e 

I .~- '2. 
g-(y)= :: :f~ +C. 

=glxJ 
I 

I /"' 

~~) ;, I ~ J<=g; ly., 

ose: + ,.. s-t r ~ t:. -t: I 1 
~ 

b ) 
-2 

;: 2C 1 +-C-

.)( :::. ~ ::::o 
~- 2 + :::. :::::> c.::. -

r; ... Ct)=-- 2e-zt- =-

'[ \ i: ~) D I v t:: .,_ t:.d' 

Z e _z t:::. 

e-z.t= 

or :::: 

+ I 
~ ::::;> -z 

"2.. 

- .K::!:: ... .J 
- "2 

--L 
"2. 

~;::::.. 
"Z. 
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3. Can the function cos(aw) be a characteristic function? If not, why? If so, what is the 
corresponding probability density function? 

Yes 

. 
~(x~~) ~ ejwa 

-r~ us 
1 

~ s n ce 

c.c:1. af.W = i- r e.. J 
-.J o( 

e 

~ :: {- b( -o<) + -k b +a()"' ':> ~a( "- ~ 
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4. Let X be a uniform random variable on the interval (0, 1). Find the value of the constant a 

so that 
E (3(X + a) 2

) = 1. 

I 
][" :: ::: 

X,i-, 
n:;:- C• 

3(,1:-t-Ct)'- = 3(:X:.z. i" 2 
--- _2.. 

3 ( t +-~a :i-t- a "I_ 

~ I $d. of-
2. i :::11 --

.::::;> 3 a + 3 ,'(;) 2.._ 

1 + a :::::. -- ~ CJ--

-I 
Si • 111 +eg;r(~ 

,f'l I 
3 + --
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5. Express 
E[cos(27rXt] 

in terms of real part of the characteristic function of X. 

-t· ::: z... 

-... 
vt: 

(- -

--
::=-';> ~ 2 

J ,.,. 

(I -:;> 

J- ,0 

~ 

,.;; (\ 

-eJII:> 

tdr-~ 

J_. 
2.. 

+~e 

+ 
.J_ 
"Z.. 

eJ z 

- j 2.ir.C-I::: 

or(-zn--l:) 

-'-- r-w .. ( + ~ <±!.X 2..Tr-t. 

\ 

1. 
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6. Is the following inequality true when the probability density function of X is zero for negative 
..... ? 
..v' 

Probability[X 2: a] o; E [G)'"] 
If so, please show. If not, give a counterexample. 

5vre. 

lt!.ot-r r~~~ l):J!I 't 

Pr ~o( I!:-

- - '2..1') -
];:a.r; ? _,/ -, L. 

l~'~" 

~ 
---

c:: IJ:~ 

se-t- a= . i ve:s 

L --
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INSTRUCTIONS: 

EE 505 
Midterm 

• Monday, July 15, 1996; 2:20 PM to 4:20PM. 
• 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) neither1

. 

• A balanced budget amendment bill passes congress by August 15. A 
balanced budget amendment does not pass congress by August 15. 

• 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. 

• You win the Washington state lottery. Your mother wins the New York 
lottery. 

• You receiye one call before noon. You receive two calls all day. 

1 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 getting a hit is 0.300. Estimate the 
probability that he gets 300 or more hits in his next 1000 at bats. 

2 
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3. In Lake vVobegon, 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 

What are the integers P and Q? 

2p 
3q· 

3 
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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? 

4 
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5. A Poisson random variable with parameter A = 2 occurances per hour 
is observ-ed 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- a ec 
1- bed· 

Identify the numbers a, b, c and d. 

5 
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6. Washington state apples are modeled with a Gaussian pdf. If X is the 
diameter, 

X r-v N(J-L = 3, a-= 2) 

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

6 
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7. Matlab's error function is 

Papoulis' definition is 

2 rx e_(! dt 
erfMt(x) = ft lt=O 

~ 

1 (Y e -r dz 
erf(y) = vf2ir J z=O 

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

7 
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I r I Table 3-1 erf x = fo e-y211 dy = G(x)--
· · 2n 0 2 

X erf x X erf x X . erf x X erf x 

0.05 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 0.90 0.31594 1.65 0.45053 2.40 0.49180 
0.20 0.07926 0.95 0.32894 1.70 0.45543 2.45 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 
0.35 0.13683 1.10 0.36433 1.85 0.46784 2.60 0.49534 
0.40 0.15542 1.15 0.37493 1.90 0.47128 2.65 0.49597 
0.45 0.17364 1.20 0.38493 1.95 0.47441 2.70 0.49653 
0.50 0.19146 1.25 0.39435 2.00 0.47726 2.75 0.49702 

0.55 0.20884 1.30 0.40320 2.05 0.47982 2.80 0.49744 
0.60 0:22575 1.35 0.41149 2.10 0.48214 2.85 0.49781 
0.65 0.24215 1.40 0.41924 2.15 0.48422 2.90 0.49813 
0.70 0.25804 1.45 0.42647 2.20 0.48610 2.95 0.49841 
0.75 0.27337 1.50 0.43319 2.25 0.48778 3.00 0.49865 
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