
and is equal to 0 otherwise. Theconstant B(a, ,) is given by

B(a, b.) 
t l

'fhe 
mean and variance ofsuc nu= 

Jo 
x"-t1l - ry-t ot

Etwt 4 

random variable are
' t^t='  

; ; i  Var{xr= 
-,  .-E--.-.- .__-
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6. Compute E[X] if X has a density function given by

l ! ' " ' /2  ^ 'o
( a ,  / ( r ) : 1 4  :

[o o*rerwrse
l c ( l - . ^ 2 )  -  l < , r <  I .

l D )  J I ( r -  
l 0  o l h e r w i s e
f 5
l ;  . r > )

(c) /(r) : 
| .{ '

[ o  - r  : 5
7. The density function of X is given by

f  @:16*b',o : r : l
otherwise

If EtXl = l, 6nd a and D.
8. The tifetimi in hours of an electonic tube is a rundom variable having a probability

density function given bY'  
f  Q c ) - - x e - '  r - 0

Compute the expected lifetime of such a tube.

9. Consider Example 4b of Chapter 4, but now suppose that the seasoral demand is a con-

tinuous random variable having probability density function / Show that the optimal

amount to stock is the value s* that satisf,es

F6 \  = : -
t) f (

where , is net pront per unit sale, I is the net loss per unit unsold, and F is the cumulatrve

distribution function of the seasonal demand'

10. Trains headed for destination A arrive at the hain station at 15-minute intervals starting

at 7 A.M., whercas bains headed for destination B arrive at l5-minute intervals starting

at 7:05 A.M.
(a) If a certain passenger arrives at the station at a time unifonnly distributed between

7 and 8 e.v. and then gets on the first train that ardves, what proportion of time

does he or she go to destination A?
(b) What if the pasienger arrives at a time uniformly distributed between 7: l0 and 8: l0

A . M . ?
11. A point is chosen at random on a line segment of length t lnterpret.this statement and

find the probability that ttre ratro oiihe sfiorter to the ;nger segment is less than i .
12.AbustravelsbetweenthetwocitiesAandB,whicharel00milesapart.Ifthebushasa

breakdown, the distance ftom the breakdown to city A has a uniform distribution over (0'

100). There is a bus seNice station in city A, in B' and in the center of the route between

A and B. It is suggested that it would be more effrcient to have the three stations located

25, 50, and 75 milis, respectively, ftom A' Do you agree? Why?

13. You arrive at a bus stop at 10 o'clock' knowing that the bus will arive at some tlme

uniformly distributed between l0 and 10:30'
(a) What is the probability that you will have to wait longer than l0 minutes?

(b) If at l0:15 the bus has not yet airived, what is the prcbability that you will have to

wait at least an additional l0 minutes?

|4 ,Le tXbgaun i fo rm(0 , ] . ) randomvar iab le .comPuteE[x , ]byus ingPlopos i t ion2 . l
and rhen checl the result b1 using the definit ion of expectation'
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15. If X is a normal mndom variable with parameters 1,r = 10 and o2 : 36, compute
(a) P{X > 5}:
( b )  P { 4 < X < 1 6 } :
(c) P{x < 8};
(d) P(x < 201;
(e) P{X > 16).

16. The amual rainfall (in inches) in a certain region is normally distributed with lt, : 40and q : 4. What is rhe probability that starting with thi, y""r, it *ili tut" over 10 years
before a year occurs having a rainfall of ovei 50 ln"nesf Wtat urru_puon" u." you
making?

17. A man aiming at a target receives 10 points if his shot is within I inch of the target, 5points if it is between 1 and 3 inches of the target, and 3 points if it is between 3 and 5inches of the target. Find the expected number of points scored if the distance from theshot to the target is uniformly distributed between b and 10.
18. Suppose that X is a normal random variable with rnean 5. If p{X > g} = .2, approxi_

mately what is Var(X)?
19. L€t X be a normal random va.iable with mean 12 and variance 4. Find the value of csuch that PIX > c] = .10.
20. If.65 percent of the population of a large conmunity is in favor of a proposed rise inschool taxes, approximate the Fobability that a random sanple of I00 people will con_tarn

(a) at least 50 who are in favor of the proposition;
(b) between 60 and 70 inclusive who are in favor:
tc) fewer rhan 75 in favor

21. suppose that the height, in_inches, of a 25-year-old man is a normal rundom variabre withpaxameters g. : '1I 
and o2 = 6.25. What percentage of 25_year_otJ men are over 6 feet

-- 
2 inches tall? what percentage of men in the 6-fooier club a.e ou". e ioot s inctr"sr

22. The width of a slot of a dumlumin forging is (in inches) normally distriOutea with pr. =
.9000 and o : .0030. The specification limits were given as .SOOb j OOSO.

(a) What percentage of forgings will be defective?
(b) What is the maximum allowable value of o that will permit no more thar 1 in 100

defectives When the widths are normally distributed with p = .9000 and o?
23. One thousand independent rolls of.a fair die will be made, Compur" an upproxlmatron

to the probability that number 6 will appea{ berween 150 and 20b dmes rnclusively. Ifnumber 6 appears exactly 200 times, find the probability that number 5 will appear less
than 150 times.

24. The lifetimes of interactive computer chips produced by a certain semlconductor man_
:rac,r:le: 

are n-ormally distributed with parameters p = 1.4 x. 106 hours and o :
r x I u- 

-n-ouls. what rs tle approximate probability that a batch of 100 chips will contain
at least 20 whose lifetimes are less than l.g x 106i

25. Each item produced by a certain manufacturer is, independently, of acceptable quality
with probabiiiry.g5. Apprcximate the probab ity that at most iri qith" ne*t tso itern"produced arc unacceptable.

26. Two_ types of coins are produced at a factory: a fair coin and a biased one that comes upheads 55 percent of the time. We have one of these coins but do noifiow wtrether it isa fail coin or a biased one. In order to ascertain which type of coin we have, we shallpeform the following statisticar test: we sharl toss the coin 1000 times. rfthe coi,' lands
on heads 525 or more times, then we shall conclude that it is a biased coin, whereas, ifit lands heads less than 525 times, then we shall conclude that it is the tair coin. Ifthe
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coin is actually fair, what is the probability that we shall reach a false conclusion? What
would it be if the coin were biased?

27. In 10,000 independent tosses of a coin, the coin landed heads 5800 times ls it reasonable
to assume that the coin is IIot fair? Explain.

28. Twelve percent of the population is lefthanded. Approximate the probability that there
are at least 20 lefthandors in a school of200 students. State your assumptions.

29. A model for the movement of a stock supposes that if the present pdce of the stock is s.
then after one time pedod it wilt be eitherus with Fobability p, or ds with Fobability I
p. Assuming that successive movements arc independent, apForimate the probability
that the stock's price will be up at least 30 percent after the next 1000 time periods if
u : 1.0\2, d : 0.990, and p : .52.

30. An image is partitioned into 2 regions--one white and the other black. A rcading taken
from a mndomly chosen point in the white section will give a reading that is nomally
distributed with trr : 4 and o2 : 4, whereas one taken from a mndomly chosen point in
the black region will have a normally distributed reading with parameters (6, 9). A point
is randomly chosen on the image and has a reading of 5. If the fraction of the image that
is black is o, for what value of d would the Fobability of making an eflor be the same
whether one concluded the point was in the black region or in the white region?

31. (a) A fire station is to be located along a road of length A, A < a. If fires will occur
at points uniformly chosen on (0, A), where should the station be located so as to
rninimize the expected distance ftom the nre? That is, choose a so as to

minimize EIX - all

when X is uniformly distributed over (0, A).
(b) Now suppose that the road is of infinite length-stetching ftom point 0 outward

to oo. If the distance of a fire from point 0 is exponeltially distributed with rate
;", where should the fire station now be located? That is, we want to minimize
E[lX - al], where X is now exponential with rate.]".

32. The time (in hours I required to repair a rnachine is an exponentially distributed random
variable with Darameter I : {. What is

(a) the probability that a rcpair time exceeds 2 hou$;
(b) the conditional probability that a rePair takes at least 10 hours, given that its dula-

tion exceeds t hours?
33, The number of years a radio functions is exponentially distributed with parameter )" :

{. If Jones buys a used radio, what is the probability that it will be working after an
additional 8 years?

34. Jones figures that the total number of thousands of miles that an auto can be driven beforc
it would need to be junked is an exponential rundom variable with parameter S Smith
has a used car that he clairns has been driven only 10,000 miles. If Jones purchases the
car, what is the probability that she would get at least 20,000 additional miles out of
it? Repeat under the assumption that the lifetime mileage of the car is not exponentially
distdbuted but nther is (in thousands of miles) uniformly distributed over (0, 40).

35. The lung cancer hazard mte ofa /-year-old male smoker, l(l), is such that

^ \ t ) : . o 2 7  - . 0 0 0 2 5 u  4 o t 2  t z 4 o

Assuming that a 4O-year-old male smoker survives all other hazards, what is the proba-

bitty that he survives to (a) age 50 and (b) age 60 without contacting lung cancer?

36. Suppose that the life distribution of an item has hazard mte function )'(/) : t3,t > O.

What is the probability that
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where p is their joint probability mass function. Also, if X and f are jointly continuous
with joint d€nsity function /, then the conditional probability den"sity function of Xgiven that I = y is given by

IxvQl i :  f  \ :4
f v \.Y)

l!::L*:o 
vafues X111.5 Xot 1 ,,.. ! X1,1 of a set of independent and identica y

orstnbuted random variables are called the order statistics of that set. If the random
variables are continuous with density function /, then thejoint density function of the
order statistics is

J @ t "  '  x " )  :  n t f ( x r )  " '  f ( x , )  x t = x 2 = . . ' = x h

The random variables X1, . . . , Xn are called exchangeable if the joint distribution of
X ir, . . ., X i, is the same for every permutation ir, . . ., i,, of 1, . . ., n _

PROBLEMS

1. Two fair dice are rolled. Find the joint probability mass function of X and f when
(a) X is the largest value obtained on any die and y is the sum of the vatues:
(b) X is the value on the fimt die and y is the larger of the two values;
(c) X is the smallest and y is the largest value obtained on the dice.

2. Suppose that 3 balls are chosen without replacement from an um conslstrng of 5 white
and 8 red balls. Let X; equal I if the lth ball selected is white, and let it equal 0 otherwise.
Give the joint prcbabiliry mass tunction of

(a) X1, X2;
(b) Xt, Xz, Xy

3. In- Problem 2, suppose that the whire balls are numbered, and ler fi equal I if the lth
white ball is selected and 0 otherwise. Find rhejoint probability mass function of

(a) Yt, Y2:
(b) Yt, Yz, Yz.

4. Repeat Problem 2 when the ban selected is replaced in the um beforc the next serection.
5. Repeat Problem 3a when the ba[ selected is replaced in the um before the next selection.
6. A bin of5 tansistors is known to contain 2 that are defective. The transistors are to be

tested, one at a time, until the defective ones are identified. Denote by N1 the number of
tests made until the first defective is identifled and by N2 the numbei of additional tests
until the second defective is identified; find the joint probability mass function of Nr and

7. Consider a sequence of independent Bemoulli trials, each of which is a success with
probability p. Let Xl be the number of failures preceding the flrct success, an d tet X2be
the number of failures between the fiIst two successes. Find the joint mass function of
Xl and X2,

8. The joint probability density function of X and y is siven bv

(a)
(b)
(c.)

f ( x ,  y )  :  c 1 y 2  -  y z p - t  - ) < x s ) , 0 < - y < o o

Find c.
Find Lhe marginal densiries of X and f.
Find E[X].
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9. The joint probability density function of X and y is given by

(a) Verify that this is indeed ajoint density function.
(b) Compute the density function of X.
(c) Find P{X > YJ.
( d )  F i n d P { r  r ; X . ; 1 .
(e) Find E[x].
(f) Find E[Y].

10. The joint probability density function of X and f is given by

/ ( . r . t y )  =  e  i r " )  0 . x < o o . 0 . y < o o

Find (a) P{X < Y} and (b) PIX < al.
11. A television store owner figurcs that 45 percent ofthe customers entering his store will

purchase an ordinary television set, 15 percent will purchase a plasma television set, and
40 percent will just be browsing. If 5 custome$ enter his storc on a given day, what is
the probability that he will sell exactly 2 ordinary sets and 1 plasma set on that day?

12. The number of people that enter a drugstore in a given hour i$a Poisson rudom vadable
with pammeter )" : 10. Compute the conditional probability that at most 3 men entered
the drugstore, given that 10 women entered in that hour. What assumptions have you
made?

13. A man and a woman agree to meet at a certain location about 12:30 P.M. If the man
arrives at a time uniformly distributed between 12:15 and 72.45 and if the woman in-
dependently arrives at a time uniformly distributed between 12:00 and I PM., lind the

Fobability that the flISt to arrive waits no longer than 5 minutes. What is the probability
that the man anives flIst?

L4. An ambulance travels back and forth, at a constant speed, along a rcad of length l. At a
certain moment of time an accident occurs at a point uniformly distributed on the road.
[That is, its distance from one of the fixed ends of the road is uniformly distributed over
(0, t).1 Assuming that the ambulance's location at the moment of the accident is also
uniformly dist buted, compute, assuming independence, the distribution ofits distance
ftom the accident.

15. The random vector (X, y) is said to be unifondy distributed over a region R in the plane
if, for some constant c, itsjoint density is

, , ,  , , ,  -  l c  i f  t . r . Y r  e  f i
r  ' '  r ' -  l0  o therw ise

(a) Show that 1/c: area ofregion R.
Suppose that (X, Y) is unifornly distributed over the square centered at (0, 0), whose
sides arc oflength 2.

(b) Show that X and f are independent, with each being distdbuted unifbrmly over
( - 1 .  1 ) .

(c) What is the probability that (X, y) lies in the circle of mdius 1 centered at the
origin? That is, find P{X2 + Y2 < \1.

16, Suppose that r points are independently chosen at mndom on the perimeter of a circle.
and we want the probability that they all lie in some semicircle. (That is, we want the
probability that therc is a line passing through the center of the circle such that all the
points are on one side of that line.)

. r ( . r ,v) :  iQ ' .+)  o<x< r ,  o .v .2
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Let Pt,. . ., Pz denote the,' points. Let A denote the event that all the points are con-
tained in some semjcircle, and let A; be the event that all the points lie in the semicircle
beginning at the point P; and going clockwise for 180', i : l, . . ,n.

(at Express A in lerms ofthe Ai.
(b) Are the A; mutually exclusive?
(c) Find P(A).

17. Three points X l, X2, X3 are selected at random on a line Z. Wlat is the probability that
X2 lies between Xt and X3?

lE. Two points a{e selected randoniy on a line of length I so as to be on opposite sides
of the midpoirt of the line, [In other words, the two points X and Y arc independent
random variables such that X is uniformly distributed over (0, Ll2) and Y is uniformly
distributed over (L/2, Z).1 Find the probability that the distance between the two points
is geater than ,L/3.

19. Show that /(t, y) : l /x,0 < y < )c < I is ajoint density function. Assuming that /
is thejoint density function of X, 1, find

(a) the marginal density of Y;
(b) the maryinal density of X;
(c) E[x]:
(d) Etvl.

20. The joint demity of X and y is given by

/(,, r) : {;'-''*"
. r > 0 ,  y > 0
otherwise

Are X and ts independent? What if /(t, y) were given by

21. Let

1 2  0 < x < y . 0 < ) <  L
,r tx. ),= 

l0 otherwise

f 6 , y ) : 2 4 x y  o 5 t : 1 '  o 5 y : 1 '  o 5 x * Y l 1

22.

and 1et it equal 0 otherwise.
(a) Show that /(r, )) is ajoint probability density function.
(b) Find Elxl.
(c) Find ElYl.

The joirt density function of x and y is

"f (,r, r) :
l ,+v
l 0

0  <  x  <  l ,  0  <  y  <  I
otherwise
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(a) Are X and Y independent?
(b) Find the density function of X.
( c )  F i n d P I X + Y  <  1 ] .

23. The random variables X and I have joint density function.

- f ( r , y ) : 1 2 r y ( 1  " t )  0 < r < 1 ,  0 < ) < l

and equal to 0 otherwise.
(a) Are X and I/ independent?
(b) Find E[x].
(c) Find E[Y].
(d) Find Var(x).
(e) Find Var(Y).

24. Consider independent trials each of which results in outcome i, i : 0, l, ..., i with
t

probability h , D p; ,:' | . Let ly' denote the number of trials needed to obtain an out-
i:0

come that is not equal to 0, and let X be that outcome.
( a )  F i n d P { N : n l , n Z l .
( b )  F i n d P { x :  j ) ,  j  = r , . . . , k .
(c )  Show tha t  P{N :  n ,  X  =  j \  =  P{N :  n \P lX :  j J .
(d) Is it intuitive to you that N is independent of X?
(e) Is it intuitive to you that X is independent of N?

25, Suppose that 106 people anive at a service station at times that are independent mndom
variabl€s, each of which is uniformly distributed over (0, 106). Let ly' denote the number
that arive in the nrst hour. Find an approximation for P{N : il.

26. Suppose that A, B, C, arc independent random variables, each being uniformly dis-
tdbuted over (0, l).

(a) What is the joint cumulative distuibution function of .A, B, C?
(b) What is the probability that all of the roots ofthe equation Ax2 + Bx + C : 0 are

real?
27. If X is uniformly distributed over (0, l) and Y is exponentially distributed with parameter

),: l, f ind the distribution of(a) Z: X+Y afi (b) Z: X/l ' . Assume independence-
28. If X1 and X2 are independent exponential nndom vadables with respective parameren

11 and.l"2, find the distribution of Z : Xt/Xz. Also compute P{X1 < X2l.
29. When a current 1 (measured in amperes) flows through a rcsistance R (measured in

ohms), the power generated is given by Iry' : 12R (measured in watts). Suppose that /
and R are independent rundom variables with densities

f i ( . r )  -6 .111 \ )

.f p(.:t) = 2x

Determine the density function of l/.

0 S , r < 1
0 < x < l

30.

31.

The expected number oftypogmphical errors on a page ofa certain magazine is .2. What
is the probability that an article of 10 pages contains (a) 0, and (b) 2 or more typog.aphical
errors? Explain your reasoning!
The monthly worldwide avercge number of airplane crashes of comnercial airlines is
2.2. What is the probability that there will be

(a) more than 2 such accidents in the next month;
(b) more than 4 such accidents in the next 2 months;
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.'-t.

(c) more than 5 such accidents in the next 3 months?
Explail youl reasoning !
The gross weekly sales at a certain restaurant is a normal random vadable with mean
$2200 and standard deviation $230. What is the prcbability that

(a) the total gross sales over the next 2 weeks exceeds $5000;
(b) weekly sales exceed $2000 in at least 2 of the next 3 weeks?

Wlat independence assumptions have you made?
Jill's bowling scores are approximately normally distributed with mean 170 and standard
deviation 20, while Jack's scores axe approximately normally distributed with mean 160
and standard deviation 15. If Jack and Jill each bowl one game, then assuming that their
scores are independent random variables, apprcximate the probability that

(a) Jack's score is higher; ''

(b) the total of their scores is above 350.
According to the U.S. National Center for Health Statistics, 25.2 percent of malgs and
23.6 percent of females never eat breakfast. Suppose that nndom samples of 200 meII
and 200 women are bhosen. Approximate the probability that

(a) at least 110 of these 400 people never eat breakfasti
(b) the number of the women who never eat breakfast is at least as large as the number

of the men who never eat breakfast.
35. In Problem 2, calculate the conditional probability mass function of X1 given that

(a) Xz = 1;
(b) x2 = 0.

36. In Problem 4, calculate the conditional probability mass function of Xt given that
(a) X2 = l;
(b) x2 : 0.

37. In Problem 3, calculate the conditional probability mass function of yl giYen that
(a )  Y2:  l l
(b )  v2 :0 .

38. In Problem 5, calculate the conditional probability mass function of yl given that
( 7 )  Y 2 = l ;
(b )  v2 :0 .

39. Choose a number X at random from the set of numbers {1,2,3,4,51. Now choose a
number at random from the subset no larger than X, that is, from {1,..., X}. Call this
second number I.

(a) Find the joint mass function of X and y.

(t) Find the conditional mass function ofx given that f = i. Doitfori :1,2,3,4,5.
(c) Are X and l independent? Why?

40. Two dice are rolled. Let X and Y denote, respectively, the largest and smallest values
obtained. Cornpute the conditional mass function of I given X : i, for i : 1,2, .. .,6.
Are X and Y independent? Why?

4L. The joint Fobability mass function of X and y is given by

p ( l , l ) :  *  P ( r , 2 ) :  i
p(2, \ ) :  i  pQ,2) :  +

(a) Compute the conditional mass function of X given Y : i,i : 1,2.
(b) Are X and Y independent?
(c)  compute P{xv <31, Plx +Y >21, Plx lY > l l .
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42. The joint density function of X and Y is given by

f ( x , y ) : x e  
r ( ) + r )  ; r > 0 ,  ) , > o

(a) Find the conditional density of X, given f : )], and that of I, given X : .r.
(b) Find the density function of Z = Xy.

Thejoint density of X and Y is

f  ( : r ,  D  :  c ( x 2  -  ! 2 ) e - '  o < i r < c ! ,  - r : y : . r

Find the conditional distribution of Y, given X : -r.
An insurance company supposes that each person has an accident pammeter and that
the yearly nurnber of accidents of someone whose accident parameter is .1" is poisson
dist buted with mean ),. They also suppose that the pammeter value of a newly insured
person can be assumed to be the value of a gamma random variable with pammeters .t
and a. If a newly insured person has n accidents in her flrst year, find the conditional
density ofher accident parameter Also, determine the expected number ofaccidents that
she will have in the following year.
lf X1, X2, X3 are independent random vadables that are uniformly distributed over (0.
l), compute the probability that the largest of the three is greater than the sum of the
other two.
A complex machine is able to operate effectively as long as at least 3 ofits 5 motors are
functioning. If each motor independently functions for a random amount of time wirh
density function /(r) = xe-' , x > 0, compute the density function ofthe length of time
that the machine fulctions.
If 3 fucks break down at points randomly distribured on a road tf length t, iind the
probability that no 2 of the tucks arc wirhin a distance d of each other when d : L/2.
Consider a sample of size 5 from a uniform distribution over (0, 1). Compute the proba-
bility that the median is in the interval ( {, ol ).
If Xt. X2, X3, X4, X5 are independent and identically distributed exponential random
variables with the parameter )", compute

(a)  P{min(Xr , . . . ,  X5)  :  r r } ;
( b )  P [ m a x ( X 1 , . . . ,  X 5 )  :  a ] .

Derive the distribution of the range of a sample of size 2 from a distribution having
densityfunction /(r) = 2r,0 < r < 1.
Let X and y denote the coordinates of a point unifondy chosen in the circle of radius I
centered at the origin. That is, theirjoint density is

43.

44,

45.

46.

47.

48.

49.

50.

51.

I

7f
x 2 + ! 2 = 1

52.

Find_the joint density function of the polar coodinates R : (X2 + y\1/2 and @ -
an  tY lx .

If X and I are independent random variables both uniformly distributed over (0, l), find
the jo in r  dens i ty  funcr ion  o f  R -  , , -x ,  -Y ' -O- - tan- t  y /x .
If U is uniform on (0, 2z) and Z, independent of U, is exponential with rate 1, show
dircctly (without using the results of Example 7b) thar X and Y defined by

X  :  J 2 2 c o : u

Y : xEZ sinU

are independent standard normal random variables.

{?
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54. X and I have joint density funchon

y t r .  t t :  
) z r z  

. r  >  r .  ) , :  r

(a) Compute rhejoint deNity function of U = Xy,V = X/y.
(b) Whar arc the marginal densities?

55. If X arld f are independent and identically distributed uniform random variables on (0,l), compute thejoint density of
( a )  U = X + y , V : X / y ;
( b )  U  :  X , V  :  X / Y ;
( c )  U  =X+Y ,V :X / ( x+y ) .

56. Repeat Problem 55 when X and I are independent exponential mndom variables, eachwith parameter ), = l.
57, tf X1.and X" are independent exponential random variables each havrng parameter ).,
_- f ind thejoint dersig, function of I/1 : Xt!Xzandyz:ei,. 

"""'

58. If,X, y, and 
-Z arc independent_random variables having identical density functions

dfi) ; 
e', 0 < r < oo, derive the joint distribution of U": i i i, v = X + z, w =

59. In Example 8b,1etY1a1 : na1. fy,. Showtharyr. .... y*,yr+tare exchangeable.
Note that fft+l is the number of billi one must observe to obtain a special ball if oneconslders the balls in their reverse order of withdrawal.

60. Consider an.urn containing /, balls, numbered l, .. ., z, and suppose that f of them arerandomll wirhdrawn. Ler Xi equal I if ball numbered i i, re.o'u!a unO ler ir be 0 orher_wlse .  )now lha l  X  t . . . . .  &  a {e  exchanseab le .

THEORETICAL EXERCTSES
1. Veriry Equation (1.2).
2. Suppose that the number of events that occur in a given time period is a poissor random

variable with parameter ,,. If each event is classified as a type I event with probability
pi,i = 1,...,n,Dp; = 1, independently of other events, show that the numbers oft)4'e i events that occur, i : 1,...,n, are independent poisson mndom variables withrespecnveparameteN ),pi, i : 1,..., n,

3. Suggest a procedure for using Buffon,s needle problem to estimate z. Suryrisingly
enough, this was once a common method of evaluatins z.

4. Solve Buffon s needle problem when I > D.

aNswen:  11( l  -  s i  n  e  |  +  2e  /  n  .  w  he  r  e  d  i s  such rhar  cos  0 :  D/  L .
5. If X and f are independent continuous positive random variables, express the density

functior of (a) z = X /Y afi (b) z = Xr in terms of the a"nrity iun"tion, or x unay. Evaluate these expressions in the special case where X and y"ale mtn exponential
random va.riables.

6. Show analytically (by induction) that Xr * . . . * Xn has a negative binomiat distribution
when the X;, I : 7, . . -, n a.re independent artd identicatty diitributeJgeornetric random
variables.. Also, give a secold argument that yedfies the ;receding wiitout any need torcomputahons.

7. (a) If X has a gamma distribution with paramete$ (r,.i.), what is the distribution of
c X , c > 0 ?


