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PREREQUISITE

The following warm-up exercises involve skills that were covered in earlier sections. You will

REVIEW 9.1 use these skills in the exercise set for this section.

In Exercises 1 and 2, solve for x.

12,2
1.'§+3 9—x

1.5 1.1, x_
23t ntstntnT!

In Exercises 3-6, evaluate the expression.

3. 0(F) + 1) + 2(%) + 3(5) + 4(w0)

4. () + 1(3) + 2(5) + 3(H) + 4()

5.0 - D2() + (1 = 12(3) + @ - 12(§)

6. (0 - 22(%) + (1 = 22(F) + @ - 22() + 6 - 2*(R) + (4 - 27(3)

In Exercises 7-10, write the fraction as a percent.
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EXBERCISEHS 9. ¥

In Exercises 1-4, list the elements in the specified set.

1.

Coin Toss A coin is tossed three times.
(a) The sample space S
(b) The event A that at least two heads occur

(c) The event B that no more than one head occurs

. Coin Toss A coin is tossed. If a head occurs, the coin is

tossed again; otherwise, a die is tossed.
(a) The sample space §
(b) The event A that 4, 5, or 6 occurs on the die

(¢) The event B that two heads occur

. Random Selection An integer is selected from the set of

all integers from 1 to 50 that are divisible by 3.
(a) The sample space S

(b) The event A that the integer is divisible by 12
(c) The event B that the integer is a perfect square

. Poll Three people are asked their opinions on a political

issue. They can answer “In favor” (I), “Opposed” (O), or
“Undecided” (U).

(a) The sample space S -

(b) The event A that at least two people are in favor

(c) The event B that no more than one person is opposed

. Poll Three people have been nominated for president of a:

. Random Selection 1In a class of 72 students, 44 are girlsé;

college class. From a small poll it is estimated that Jane has-
a probability of 0.29 of winning and Larry has a probabilj
of 0.47. What is the probability of the third candida
winning the election?

and, of these, 12 are going to college. Of the 28 boys in the;f
class, 9 are going to college. If a student is selected at ran
dom from the class, what is the probability that the persont
chosen is (a) going to college, (b) not going to college, an
(c) a girl who is not going to college?

. Quality Control A component of a spacecraft has both ;

main system and a backup system. The probability of at least:
one of the systems performing satisfactorily throughout the:
duration of the flight is 0.9855. What is the probability oﬂ%
both of them failing?

. Random Selection A card is chosen at random from 2

standard 52-card deck of playing cards. What is the prob
bility that the card will be black and a face card?

. Coin Toss Two coins are tossed. A random variable;

assigns the number 0, 1, or 2 to each possible outcome;
depending on the number of heads that turn up. Find the:
frequencies of 0, 1, and 2.
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Coin Toss Four coins are tossed. A random variable
assigns the number 0, 1, 2, 3, or 4 to each possible outcome,
depending on the number of heads that turn up. Find the
frequencies of 0, 1, 2, 3, and 4. '

Exam Three students answer a true-false question on an
examination. A random variable assigns the number 0, 1, 2,
or 3 to each outcome, depending on the number of answers
of true among the three students. Find the frequencies of 0,

#%-.1,2,and 3.

‘ #42. Exam Four students answer a true-false question on an

examination. A random variable assigns the number 0, 1, 2,
3, or 4 to each outcome, depending on the number of
answers of true among the four students. Find the frequen-
cies of 0, 1, 2, 3, and 4.

n Exercises 1316, sketch a graph of the prabability distribution
% iand find the required probabilities.

x |01 |23 |4

P& |3 | %
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@ Pl<xg3)
(b) P(x = 2)

x 101 |2 |3 |4

w35 131513
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x |0 1 2 3 4 5

.

i | P |0.041] 0189 | 0247 | 0326 | 0.159 | 0.038
(@) P(x < 3)

. ) Px>3)

{16

x |0 1 2 3
P(x) | 0027 | 0.189 | 0.441 | 0.343

(@ PO <x<2)

(b) P(x < 2)

. Biology Consider a couple that has four children.
Assume that it is equally likely that each child is a girl or a
boy.

(a) Complete the set to form the sample space consisting
of 16 elements. -

S = {gggg, ggeb, ggbg, . . .}

@ 19.
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(b) Complete the table, in which the random variable x is
the number of girls in the family.

x Jof1(2]|314

P(x)

(c) Use the table in part (b)' to sketch the graph of the prob-
ability distribution.

(d) Use the table in part (b) to find the probability of
having at least one boy.

18. Die Toss Consider the experiment of tossing a 12-sided
die twice.

(a) Complete the set to form the sample space of 144
elements. Note that each element is an ordered pair in
which the entries are the numbers of points on the first
and second tosses, respectively.

S={1,1),(1,2),...,2,1,22,...}

(b) Complete the table, in which the random variable x is
the sum of the number of points.

x 2 {3 {456 |7]|8]°9

P(x)

x 1011 |12 13|14 [15(16 |17

P(x)

x 1819 2021|2223 24

P(x)

(c) Use the table in part (b) to sketch the graph of the prob-
ability distribution.

(d) Use the table in part (b) to find P(15 < x < 19).

Biology: Genetics Two parent plants, one with alleles
RRYY (round, yellow seeds) and the other with alleles
ryy (wrinkled, green seeds), are crossed to produce a
first-generation RrYy (round, yellow seeds). When the
first-generation plants (RrYy) are crossed among them-
selves, they produce offspring that take one of each type of
allele from each plant. For example, an offspring could
take R and y alleles from one parent and R and Y alleles
from the other, making it RRYy (round, yellow seeds).
Make a chart displaying all possibilities for alleles that the
offspring could take on. Then list the probabilities of
having the characteristics below. (Source: Adapted from
Levine/Miller, Biology: Discovering Life, Second Edition)

(a) Round, yellow seeds
(b) Wrinkled, yellow seeds
(¢) Round, green seeds

(d) Wrinkled, green seeds
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@ 20. Experiment Use a computer to conduct the following

experiment. The four letters A, R, S, and T are placed in a
box. The letters are then chosen one at a time and placed in
the order in which they were chosen. What is the probabil-
ity that the letters spell an English word in the order they
are chosen? Conduct this procedure 100 times. How many
times did an English word occur?

in Exercises 21-24, find E(x), ¥(x), and o for the given probability
distribution.

21 x 11213415
PO | T | 16 |16 | 76 |16
22.
x 1121341415
P || % |||
23,
x -31-11 0315
PO IS |5 |s]5]s
24,
x ~$5000 | —$2500 | $300
P(x) | 0.008 0.052 0.940

In Exercises 25 and 26, find the mean and variance of the discrete
random variable x.

25. Die Toss xis (a) the number of points when a four-sided
die is tossed once and (b) thé sum of the points when the
four-sided die is tossed twice.

26. Coin Toss x is the number of heads when a coin is tossed
four times.

27. Revenue A publishing company introduces a new
weekly magazine that sells for $2.95 on the newsstand. The
marketing group of the company estimates that sales x in
thousands will be approximated by the following prob-
ability function.

x 10 |15 |20 |30 |40
P(x)

0251 030 | 025 0.15| 0.05

(a) Find E(x) and o.

(b) Find the expected revenue.

28. Personal Income The probability distribution of the
random variable x, the annual income of a family, in thou-
sands of dollars, in a certain section of a large city, is shown
in the table.

x 30 40 50 60 80
0.05

P(x) 10.10 | 0.20 | 0.50 | 0.15

Find E(x) and o.

29, Insurance An insurance company needs to determine -
the annual premium required to break even on fire protec- «
tion policies with a face value of $90,000. If x is the claim :

size on these policies and the analysis is restricted to the
losses $30,000, $60,000, and $90,000, then the probablhty
distribution of x is shown in the table.

X 0 30,000 | 60,000 | 90,000

P(x) | 0995t 0.0036 | 0.0011 | 0.0003

What premium should customers be charged for the com- . ',

pany to break even?

30. Insurance An insurance company needs to determine

the annual premium required to break even for collision:

protection for cars with a value of $10,000. If x is the clainy -
size on these policies and the analysis is restricted to the - }

losses $1000, $5000, and $10,000, then the probability dls-
tribution of x is shown in the table.

x 0 1000

P(x) | 0.936

5,000
0.020

10,000

0.040 0.004

What premium should customers be charged for the com-

pany to break even?

Games of Chance If xis the net gain to a player in a gamerof?

chance, then E(x) is usually negative. This value gives the average:
amount per game the player can expect to lose over the long run.
in Exercises 31 and 32, find the expected net gain to the playerfor
one play of the specified game.

31. In roulette, the wheel has the 38 numbers 00, 0, 1, 2, .

34, 35, and 36, marked on equally spaced slots. If a playcr 4

bets $1 on a number and wins, then the player keeps the;
dollar and receives an additionat $35. Otherwise, the doll
is lost.

32. A service organization is selling $2 raffle tickets as part 05

‘(ib

e

a fund-raising program. The first prize is a boat valued a{

$2950, and the second prize is a camping tent valued 2
$400. In addition to the first and second prizes, there are: 2»5

$20 gift certificates to be awarded. The number of tickets:
sold is 3000.
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Market Analysis After considerable market study, 2
sporting goods company has decided on two possible cities

“in which to open a new store. Management estimates that

city 1 will yield $20 million in revenues if successful and
‘will lose $4 million if not, whereas city 2 will yield $50

-million in revenues if successful and lose $9 million if not.
“City 1 has a 0.3 probability of being successful and city 2
“has a 0.2 probability of being successful. In which city

should the sporting goods company open the new store
with respect to the expected return from each store?

34." Repeat Exercise 33 if the probabilities of city 1 and city 2

being successful are 0.4 and 0.25, respectively.

" Health The table shown below gives the probability

distribution of the numbers of deaths due to cancer in

- the United States in 2001 by age group. (Source: U.S.
~ National Center for Health Statistics)
‘Age,a | 14a0d |45 o4 | 9534 | 35-44 | 45-54
Pla) 0.0018 | 0.0036 | 0.0072 | 0.0307 | 0.0903
‘Age,a | 55-64 | 65-74 75-84 | 85 and over
“Pla) 0.1625 | 0.2653 | 0.2978 | 0.1408

= {(a) Sketch the probébility distribution. -

(b) Find the probability that an individual who died of
cancer was between 35 and 74 years of age.

(c) Find the probability that an individual who died of
cancer was over 45 years of age.

(d) Find the probability that an individual who died of
cancer was under 24 years of age.

. Education The table gives the probability distribution

of the educational attainments of people in the United
States in 2002, ages 25 to 34, where x = 0 represents 1o
high school degree, x = 1 represents a high school degree,
x = 2 represents some college, x = 3 represents an associ-
ate’s degree, x = 4 represents a bachelor’s degree, and

=5 represents an advanced degree. (Source: U.S.
Census Bureai) :
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37. Athletics A baseball fan examined the record of a

& 3s.

B 3.

x 0 1 2 3 4 5

0.131| 0.284 | 0.191 | 0.087 | 0.232 | 0.074

P(x)

(a) Sketch the probability distribution.

(b) Determine E(x), V(x), and o. Explain the meanings of
these values.

favorite baseball player’s performance during his last 50
games. The numbers of games in which the player had
zero, one, two, three, and four hits are recorded in the table
shown below. '

Numberofhits { 0 | 1 21314

Frequency 141261721

(a) Complete the table below, where x is the number of
hits,

x-|{0j1]2[3)]4

P(x)

(b) Use the table in part (a) to sketch the graph of the prob-
ability distribution.

(c) Use the table in part (a) to find P(1 < x < 3).
(d) Determine £(x), V(x), and o. Explain your results.

Economics: Investment Suppose you are trying to
make a decision about how to invest $10,000 over the next
year. One option is a low-risk bank deposit paying 5%
interest per year. The other is a high-risk corporate stock
with a 5% dividend, plus a 50% chance of a 30% price
decline and a 50% chance of a 30% price increase.
Determine the expected value of each option and choose -
one of the options. Explain your choice. How would your
decision change if the corporate stock offered a 20% divi-
dend instead of a 5% dividend? (Source: Adapted from
Taylor, BEconomics, Fourth Edition)

Employment Use a graphing utility to find the mean
and standard deviation of the data shown below, which give
the numbers of hours of overtime for 60 employees of a
particular company during a given week.

0.0, 0.0, 0.0, 0.0, 0.0, 0.5, 0.5, 1.0, 1.0,
2.0, 2.0, 2.0, 2.0, 2.0, 2.5, 2.5, 2.5, 3.0,
3.0, 3.0, 3.0, 4.0, 40, 4.0, 4.0, 45, 45,
5.0, 5.0, 6.0, 6.0, 6.5, 6.5, 6.5, 7.0, 7.0,
8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 85, 85,

1.0, 2.0, 2.0,
3.0, 3.0, 3.0,
5.0, 5.0, 5.0,
7.0, 7.0, 8.0,
8.5, 9.0, 9.5
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SECTION 9.2 Continuous Random Variables

PREREQUISITE The following warm-up exercises involve skills that were covered in earlier sections. You will
REVIEW 9.2 use these skills in the exercise set for this section.

In Exercises 1-4, determine whether f is confinuous and nonnegative on the given interval.
1. fx) ==, [1,4] 2. f)=x2-1, [0,1]
3. f) =3 -x [1,5] 4, fx) = e*, [0,1]

In Exercises 5-10, evaluate the definite integral.

4
s [La
3
1
6. 4 dx
2 ;
7. j 2- \
T
8. J "2 - |
9. J 0.4e~04 dy
0
o0
10. J e~ dt
\
\\

CEXNERCISES 9.2

ﬁ in Exercises 1-14, use a graphing utility to graph the function.
“Then verify that f is a probability density function over the given

,iinterval.
CLf(x) =1 [0,8] 2. f =4 [05]
3 fl) = [0.,4] 4 f) =15 [0.6]
250 flx) = 6x(1 -x), [0,1]
x6 — x)

C6 f(x) = 3 6 , [0, 6]
. 7' f(x) = %8—1/5’ [Ov OO)

f&) = ge*/6, [0, 00)

9 f(x) = 2,/‘_“ ==, [0,2]
10, f(x) = 12x%(1 — x), [0,1]
11 f(x) = 5223 — x), [0,3]
12 f(x) =353 ~ ), [0,3]

13, flx) = le"‘/3, [0, c0)
14, f(x) =1 [8,12]

in Exercises 15-20, find the constant k such that the function fis
a probability density function over the given interval.

15. f(x) = kx, [1,4] . )
16. f(x) = kx3, [0,4]
17. f(x) = k(4 — x?), [-2,2]

18. f(x) = k/x(1 — ), [0,1]
19. f(x) = ke */2, [0, c0)
20. f(x) = ——, [a,b]

In Exercises 21-26, sketch the graph of the probability density
function over the indicated interval and find the indicated prob-
abilities.

21. f(x) =5 [0,10]
(a) PO < x <6)
(c) P(8 < x < 10)

(b) P(4 <x < 6)
(d) Plx 2 2)

2. f0) =5

(a) P(O < x < 6)
(c) P(8 < x < 10}

[0, 10]

(b) P(4 < x < 6)
d) Plx = 2)



632 CHAPTER 9 Probability and Calculus
23, fix) = £Vx [0,4]
(@ PO <x<?2) ) PR<x<4)
) P1 <x<3) d) P(x £3)
24. f(x) = m, [0, 4]
(a) PO <x<2) (b) P2 < x < 4)
© Pl <x<3) (d) P(x < 3)
25. f(1) = 33, [0, o0)
(a) P(t < 2) (b) Pt 22)
© P(1 <t <4 (d) P(r=13)
26. f(t) = 7% (16 — 1), [—4,4]
@) P(t < -2) () Pt >2)
© P-1<t<l) ) Pt > —2)

27.

28.

Waiting Time Buses arrive and depart from a college
every 30 minutes. The probability density function for the
waiting time ¢ (in minutes) for a person arriving at the bus
stop is

f0) =3 [0,30].

Find the probabilities that the person will wait (a) no more
than 5 minutes and (b) at least 18 minutes.

Learning Theory The time ¢ (in hours) required for a
new employee successfully to learn to operate a machine in
a manufacturing process is described by the probability
density function

f@ =59 ~-1 [0,9].

Find the probabilities that a new employee will learn to
operate the machine (a) in less than 3 hours and (b) in more
than 4 hours but less than 8 hours.

@ In Exercises 29-32, use a symbolic integration utility to find the
required probabilities using the exponential density fun;tion

29.

" 30.

31

(t) = %e"/*, [0, c0).

Waiting Time The waiting time (in minutes) for service
at the checkout at a grocery store is exponentially distrib-
uted with A = 3. Find the probabilities of waiting (a) less
than 2 minutes, (b) more than 2 minutes but less than 4
minutes, and (c) at least 2 minutes.

Useful Life The lifetime (in years) of a battery is expo-
nentially distributed with A = 5. Find the probabilities that
the lifetime of a given battery will be (a) less than 6 years,
(b) more than 2 years but less than 6 years, and (c) more
than 8 years.

Waiting Time The length of time (in hours) required to
unload trucks at a depot is exponentially distributed with
A=13 7. What proportion of the trucks can be unloaded in
less t.han 1 hour?

32.

33.

3.

35.

36.

37.

@ 38.

Useful Life The time (in years) until failure of a cgm,
ponent in a machine is exponentially distributed with”:

A =35, A manufacturer has a large number of thesg:
machines and plans to replace the components in all the;
machines during regularly scheduled maintenance periog
How much time should elapse between maintenance pe,
ods if at least 90% of the components are to remain wor;
ing throughout the period?

Demand The weekly demand x (in tons) for a certg
product is a continuous random variable with the dens;
function

fl) =
Find the probabilities.
(@) P(x < 6)
(b) P(6 < x < 12)
(©) Px>12) =1~ P(x < 12)

Demand Given the conditions of Exercise 33, determine: ;
the number of tons that should be ordered each week S0,
that the demand can be met for 90% of the weeks.

36xe/6, [0, ).

Meteorology A meteorologist predicts that the amount
of rainfall (in inches) expected for a certain coastal commuy -~
nity during a hurricane has the probability density functio

Find and interpret the probabilities.
(a) PO < x<10) (b) P(10 £ x < 15)
(© PO<sx<3) (d) P(12 < x < 15)

Metallurgy The probability density function for the pe
cent of iron in ore samples taken from a certain region is

£ =121 - %2, [0,1].

Find the probabilities that a sample will contain (a) fro
0% to 25% iron and (b) from 50% to 100% iron.

Labor Force The probability density function for women’,
in the U.S. civilian labor force in 2002, ages 16 and over, is ;

flx) =47 + 0.61x — 4.151nx — 5.14/x,
1<x<5

where x = 1 represents 16 to 24 years, x = 2 represents

to 44 years, x = 3 represents 45 to 54 years, x = 4 repre=
sents 55 to 64 years, and x = 5 represents 65 years an
over. Find the probabilities that a woman in the labor fore
is (a) between the ages of 16 and 64 and (b) between the:
agesof 25and 54. (Source: U.S. Bureau of Labor Statistic

Coin Toss The probability of obtaining 49, 50, or 5%
heads when a fair coin is tossed 100 times is

515 1
P(495x551)~f

485

e~ (x=50)2/50 g
27

Use a computer or graphing utility and Simpson’s Ru
(with n = 12) to approximate this integral.
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SECTION 9.3  Expected Volue and Variance

PREREQUISITE
REVIEW 9.3

In Exercises 1-4, solve for m.
1
1. | 10 —dx = 0.5

3. ] le“‘/3 dt = 0.5
b 3

in Exercises 5-8, evaluate the definite integral.
e
S, jo 2 dx

6. JZ x(4 — 2x) dx

1

1. fﬂ(%)dx—(%)z
s [2(45)a- )

9. fx) = [0,8]
(a) P(x <2),
® PB<x<T)

. 10. f(x) = 6x — 6x%, [0, 1]
@) Plx < %)
| ® PG<x<3)

The foliowing warm-up exercises involve skills that were covered in earlier sections. You will
use these skills in the exercise set for this section.

1
2 | pdx=05

m.l_ -1/9 _
4.L 9e dt

In Exercises 9 and 10, find the indicated probability using the given probability density function.

m

0

0.5

CEXERCISES ®.3

-:In Exercises 1-6, use the given probability density function over

“the indicated interval to find (a) the mean, (b) the variance, and

2(¢) the standard deviation of the random variable. Sketch the

-graph of the density function and locate the mean on the graph.

L fx) =1, [0, 8] 2. fx) =4 [0 4]
30 =5 [0.6] 4 ) = 555 [1,4]
S f) =302 [0,1] 6. f(x) = {s/4 — x, [0,4]

b in Exercises 7-10, use a graphing utility to graph the function and
“ approximate the mean.Then find the mean analytically. Compare
7-your results.

1 f(x) = 6x(1 — x), [0,1]

8. f(x) = Sx(4 — x), [0,4]
9, flx) = T—j——lﬁ’ [0,3]
10. f(x) =35 v9 — x, [0,9]

In Exercises 11 and 12, find the median of the exponential prob-
ability density function.

11. f(2) = e, [0, o)
12. f() = 2¢~2/5, [0, o0)

In Exercises 13-18, identify the probability density function.Then
find the mean, variance, and standard deviation without
integrating. :

13. f(x) = ;’5, [0, 10]

14. f(x) = 5, [0,9]

15. f(x) =} e7*/5, [0, 0)
16. f(x) = 3e'5‘/3, [0, o0)

1
17. = —(1—100)2/242’ — o0,
& 11\/2178 (-0, 20)
18. f(x) = e~ x=30%72 (— o0, 00)
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@ In Exercises 19-24, use a symbolic integration utility to find the

mean, standard deviation, and given probability.

Function Probability
19. f(x) = 12 e~¥/2 P(0 < x £ 0.85)
w
20. f(x) = 12 e~*/2 P(—121 S x<121)
w
21. f(x) = ge~*/6 P(x > 2.23)
22, f(x) = 33/ P(x 2 0.27)
23, flx) = > e~ =88 P(3 < x < 13)
ko
flx) = e~ - 245 P(—25 < x £ 25)

@ 25. Letx be a random variable that is normally distributed with
a mean of 60 and a standard deviation of 12. Find the
required probabilities using a symbolic integration utility.

(a) Plx > 64)
(b) P(x > 70)
(©) P(x < 70)
(d) P(33 < x < 65)

26. Repeat Exercise 25, with a mean of 75 and a standard devi-
ation of 12, for the following probabilities.

(@) P(x > 69)
(b) P(x < 99)
(¢) P(x < 57)
(d) P(63 < x < 78)

27. Transportation The arrival time ¢ of a bus at a bus stop
is uniformly distributed between 10:00 A.M. and 10:10 A.m.

(a) Find the mean and standard deviation of the random
variable ¢.

(b) What is the probability that you will miss the bus if you
arrive at the bus stop at 10:03 A.M.7

28. Transportation Repeat Exercise 27 for a bus that
arrives between 10:00 A.M. and 10:05 A.M.

29. Useful Life The time ¢ until failure of an appliance is
exponentially distributed with a mean of 2 years.

(a) Find the probability density function for the random
variable ¢.

(b) Find the probability that the appliance will fail in less
than 1 year.

30. Useful Life The lifetime of a battery is normally dis-
tributed with a mean of 400 hours and a standard deviation
of 24 hours. You purchased one of the batteries, and its use-
ful life was 340 hours.

(a) How far, in standard deviations, did the useful life d
your battery fall short of the expected life?

(b) What percent of all other batteries of this type ha“
useful lives that exceed yours?

31. Waiting Time The waiting time ¢ for service in a storej i
exponentially distributed with a mean of 5 minutes.

(a) Find the probability density function for the randm;
variable ¢.

(b) Find the probability that ¢ is within one standard devrz
ation of the mean.

32. Service Time The service time ¢ for a customer in a stoi;"
is exponentially distributed with a mean of 3.5 minutes,

(a) Find the probability density function for the random
variable ¢.

(b) Find the probability that ¢ is within one standard devl.
ation of the mean.

33. Education The scores on a national exam are nonnal]i
distributed with a mean of 150 and a standard deviation of
16. You scored 174 on the exam. i

(2) How far, in standard deviations, did your score exceed
the national mean?

(b) What percent of those who took the exam had scores)
lower than yours?

34. Education Thescoresona qualifying exam for entranc'e:v

into a post secondary school are normally distributed wnh"
a mean of 120 and a standard deviation of 10.5. To qualify

for admittance, the candidates must score in the top 10
Find the lowest possible score to qualify.

35. Demand The daily demand x for a certain product (in?
hundreds of pounds) is a random variable with the probaw»

bility den51ty function

flx) = 35 %x(6 — [O 6]

(a) Determine the expected value and the standard dev1 4

tion of demand.

(b) Determine the median of the random variable.

(c) Find the probability that x is within one standard devx
ation of the mean.

36. Demand Repeat Exercise 35 for a probability densi
function of

f&) = 53 -

37. Learning Theory The percent recall x in a learnin

experiment is a random variable with the probability dens1ty
function

o) =2x/T-x [o, 1].

Determine the mean and variance of the random variable x.

2)(10 — x), [2, 10]. i

38. Metallurgy Tt

random variable °
f( l 1 55 x3 {

Determine the ex

39. Demand The

thousands of unit
ity density functi

flx) = g5xe™
(a) Determine th
(b) Find P(x <

40, Medicine The
"tain medical pros
ability density fu

fy= > J-—

(a) Find the pro
will take mo

(b) Determine t}

In Exercises 41-46, fit

41, flx) =3

42. f(x) = 0.04

3. flx) =41 - 2
M f=5-3x
8. f(x) =3¢
4. fl) =370

47. Cost The dail
variable with th

Flx) = 0.28¢
Find the mediar

48. Consumer Tr
customer in a g
probability den:

Find the expect

49. Demand Th
gallons) in a toy
density functio

) = gxe”

(a) Determine
tion of the

(b) Find the p
4 million g
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¥:38. Metallurgy The percent of iron x in samples of ore is a

random variable with the probability density function
f&) =122 - 22, [0.1]
Determine the expected percent of iron in each ore sample.

. Demand The daily demand x for a certain product (in
thousands of units) is a random variable with the probabil-
ity density function

fx) = 35xe~/5, [0, 00).
(a) Determine the expected daily demand.
(b) Find P{x < 4).

Medicine The time ¢ (in days) until recovery after a cer-
tain medical procedure is a random variable with the prob-
ability density function

1

) = ———, |3,6]

== B

i+ (a) Find the probability that a patient selected at random
will take more than 4 days to recover.

(b) Determine the expected time for recovery. ‘

( [0, 1]
3 [0, 25]
[0.4]
=4-% [0, 1]
. f(x) = g5 [0, o0)
6. f) = 22 [0, 0)

. Cost The daily cost of electricity x in a city is a random
variable with the probability density function

fx) = 0.28¢7%% 0 < x < oo.
Find the median daily cost of electricity.

. Consumer Trends The number of coupons used by a
customer in a grocery store is a random variable with the
.+ probability density function

Ao =222,

Find the expected number of coupons a customer will use.

1<x<2.

. Demand The daily demand x for water (in millions of
gallons) in a town is a random variable with the probability
density function
f(x) = §xe~/3, [0, c0).
(a) Determine the expected value and the standard devia-
tion of the demand.

(b) Find the probability that the demand is greater than
4 million gallons on a given day.

@ 52.

B ss.

@ 5.

B ss.

@ 56.
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SECTION 9.3  Expected Value and Variance

50, Useful Life The lifetime of an electrical component is
normally distributed with a mean of 5.3 years and a stan-
dard deviation of 0.8 year. How long should this com-
ponent be guaranteed if the producer does not want to
replace any more than 10% of the components during the
time covered by the guarantee?

51. Manufacturing An automatic filling machine fills cans
so that the weights are normally distributed with a mean of
p and a standard deviation of o. The value of u can be con-
trolled by settings on the machine, but o depends on the
precision and design of the machine. For a particular sub-
stance, o = 0.15 ounce. If 12-ounce cans are being filled,
determine the setting for u such that no more than 5% of
the cans weigh less than the stated weight.

Useful Life A storage battery has an expected lifetime
of 4.5 years with a standard deviation of 0.5 year. Assume
that the useful lives of these batteries are normally distrib-
uted. Use a computer or graphing utility and Simpson’s
Rule (with n = 12) to approximate the probability that a
given battery will last for 4 to 5 years.

Wages The employees of a large corporation are paid an
average wage of $12.30 per hour with a standard deviation
of $1.50. Assume that these wages are normally distributed.
Use a computer or graphing utility and Simpson’s Rule
(with n = 10) to approximate the percent of employees
that earn hourly wages of $9.00 to $12.00.

Medical Science A medical research team has deter-
mined that for a group of 500 females, the length of preg-
nancy from conception to birth varies according to an
approximately normal distribution with a mean of 266 days
and a standard deviation of 16 days.

(a) Use a graphing utility to graph the distribution.

(b) Use a symbolic integration utility to approximate the
probability that a pregnancy will last from 240 days to
280 days.

Education 1n 2003, the scores for the ACT Test could be
modeled by a normal probability density function with a
mean of u = 20.8 and a standard deviation of o = 4.8.
(Source: ACT, Inc.)

(a) Use a graphing utility to graph the distribution.

(b) Use a symbolic integration utility to approximate the
probability that a person who took the ACT scored
between 24 and 36.

Intelligence Quotient The IQs of students in a school
are normally distributed with a mean of 110 and a standard
deviation of 10. Use a symbolic integration utility to find
the probability that a student selected at random will have
an IQ within one standard deviation of the mean.



