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The Probability of an Event
Any happening for which the result is uncertain is called an experiment. The
possible results of the experiment are outcomes, the set of all possible outcomes
of the experiment is the sample space of the experiment, and any subcollection
of a sample space is an event.

For instance, when a six-sided die is tossed, the sample space can be repre-
sented by the numbers 1 through 6. For this experiment, each of the outcomes is
equally likely.

To describe sample spaces in such a way that each outcome is equally likely,
you must sometimes distinguish between or among various outcomes in ways
that appear artificial. Example 1 illustrates such a situation.

Finding a Sample Space

Find the sample space for each of the following.

a. One coin is tossed.

b. Two coins are tossed.

c. Three coins are tossed.

Solution
a. Because the coin will land either heads up (denoted by ) or tails up (denoted

by ), the sample space is

b. Because either coin can land heads up or tails up, the possible outcomes are
as follows.

heads up on both coins

heads up on first coin and tails up on second coin

tails up on first coin and heads up on second coin

tails up on both coins

So, the sample space is

Note that this list distinguishes between the two cases and even
though these two outcomes appear to be similar.

c. Following the notation of part (b), the sample space is

Note that this list distinguishes among the cases HHT, HTH, and THH, and
among the cases HTT, THT, and TTH.

Now try Exercise 1.
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What you should learn
• Find the probabilities of

events.

• Find the probabilities of 
mutually exclusive events.

• Find the probabilities of 
independent events.

• Find the probability of the
complement of an event.

Why you should learn it
Probability applies to many
games of chance. For instance,
in Exercise 55, on page 712, you
will calculate probabilities that
relate to the game of roulette.

Probability

Hank de Lespinasse/The Image Bank
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To calculate the probability of an event, count the number of outcomes in the
event and in the sample space. The number of outcomes in event is denoted by

and the number of outcomes in the sample space is denoted by The
probability that event will occur is given by 

Because the number of outcomes in an event must be less than or equal to
the number of outcomes in the sample space, the probability of an event must be
a number between 0 and 1. That is,

as indicated in Figure 9.8. If event cannot occur, and is called an
impossible event. If event must occur, and is called a certain
event.

Finding the Probability of an Event

a. Two coins are tossed. What is the probability that both land heads up?

b. A card is drawn from a standard deck of playing cards. What is the probability
that it is an ace?

Solution
a. Following the procedure in Example 1(b), let

and

The probability of getting two heads is

b. Because there are 52 cards in a standard deck of playing cards and there are
four aces (one in each suit), the probability of drawing an ace is

Now try Exercise 11.

 �
1

13
.

 �
4

52

P�E� �
n�E�
n�S�

�
1

4
.P�E� �

n�E�
n�S�

S � �HH, HT, TH, TT �.

E � �HH�

EEP�E� � 1,
EEP�E� � 0,

0 ≤ P�E� ≤ 1

n�E��n�S�.E
n�S�.Sn�E�,

E
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Toss two coins 100 times and
write down the number of
heads that occur on each toss
(0, 1, or 2). How many times
did two heads occur? How
many times would you expect
two heads to occur if you did
the experiment 1000 times?

Exploration

You can write a probability as 
a fraction, decimal, or percent.
For instance, in Example 2(a),
the probability of getting two
heads can be written as 0.25,
or 25%.

1
4,

Additional Example

Two coins are tossed. What is the
probability that one coin lands heads up
and the other coin lands tails up?

Solution
1
2

Impossible
event

(cannot
occur)

Increasing likelihood
of occurrence

0.0 0.5 1.0

The occurrence
of the event is

just as likely as
it is unlikely.

Certain
event
(must
occur)

The Probability of an Event
If an event has equally likely outcomes and its sample space has

equally likely outcomes, the probability of event is

P�E� �
n�E�
n�S�

 .

En�S�
Sn�E�E

Example 2
 FIGURE 9.8
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Additional Example

What is the probability that the total of
the two dice in Example 3 is 8?

Solution
5

36

FIGURE 9.9

FIGURE 9.10

Finding the Probability of an Event

Two six-sided dice are tossed. What is the probability that the total of the two dice
is 7? (See Figure 9.9.)

Solution
Because there are six possible outcomes on each die, you can use the
Fundamental Counting Principle to conclude that there are or 36 different
outcomes when two dice are tossed. To find the probability of rolling a total of 7,
you must first count the number of ways in which this can occur.

So, a total of 7 can be rolled in six ways, which means that the probability of
rolling a 7 is

Now try Exercise 15.

Finding the Probability of an Event

Twelve-sided dice, as shown in Figure 9.10, can be constructed (in the shape of
regular dodecahedrons) such that each of the numbers from 1 to 6 appears twice
on each die. Prove that these dice can be used in any game requiring ordinary 
six-sided dice without changing the probabilities of different outcomes.

Solution
For an ordinary six-sided die, each of the numbers 1, 2, 3, 4, 5, and 6 occurs only
once, so the probability of any particular number coming up is

For one of the 12-sided dice, each number occurs twice, so the probability of any
particular number coming up is

Now try Exercise 17.

P�E� �
n�E�
n�S�

�
2

12
�

1

6
.

P�E� �
n�E�
n�S�

�
1

6
.

�
1

6
.�

6

36
P�E� �

n�E�
n�S�

6 � 6

Example 3

First die Second die

1 6

2 5

3 4

4 3

5 2

6 1

Example 4

 

 

You could have written out each
sample space in Examples 2 and
3 and simply counted the out-
comes in the desired events. For
larger sample spaces, however,
you should use the counting prin-
ciples discussed in Section 9.6.
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The Probability of Winning a Lottery

In the Arizona state lottery, a player chooses six different numbers from 1 to 41.
If these six numbers match the six numbers drawn (in any order) by the lottery
commission, the player wins (or shares) the top prize. What is the probability of
winning the top prize if the player buys one ticket?

Solution
To find the number of elements in the sample space, use the formula for the
number of combinations of 41 elements taken six at a time.

If a person buys only one ticket, the probability of winning is

Now try Exercise 21.

Random Selection

The numbers of colleges and universities in various regions of the United States 
in 2003 are shown in Figure 9.11. One institution is selected at random. What is 
the probability that the institution is in one of the three southern regions?
(Source: National Center for Education Statistics)

Solution
From the figure, the total number of colleges and universities is 4163. Because
there are colleges and universities in the three
southern regions, the probability that the institution is in one of these regions is

FIGURE 9.11

Now try Exercise 33.

West North
Central

441

East North
Central

630

East South Central
284

West South Central
386

Middle
Atlantic

624
South

Atlantic
700

New
England

261
Pacific

563

Mountain
274

P�E� �
n�E�
n�S�

�
1370

4163
� 0.329.

700 � 284 � 386 � 1370

�
1

4,496,388
 .P�E� �

n�E�
n�S�

 � 4,496,388

 �
41 � 40 � 39 � 38 � 37 � 36

6 � 5 � 4 � 3 � 2 � 1

n�S� � 41C6
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Example 5

Example 6
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Mutually Exclusive Events
Two events and (from the same sample space) are mutually exclusive if 
and have no outcomes in common. In the terminology of sets, the intersection
of and is the empty set, which is written as

For instance, if two dice are tossed, the event of rolling a total of 6 and the
event of rolling a total of 9 are mutually exclusive. To find the probability that
one or the other of two mutually exclusive events will occur, you can add their
individual probabilities.

The Probability of a Union of Events

One card is selected from a standard deck of 52 playing cards. What is the
probability that the card is either a heart or a face card?

Solution
Because the deck has 13 hearts, the probability of selecting a heart (event ) is 

Similarly, because the deck has 12 face cards, the probability of selecting a face
card (event ) is

Because three of the cards are hearts and face cards (see Figure 9.12), it follows
that

Finally, applying the formula for the probability of the union of two events, you
can conclude that the probability of selecting a heart or a face card is

Now try Exercise 45.

� 0.423.�
22

52
 �

13

52
�

12

52
�

3

52

P�A � B� � P�A� � P�B� � P�A � B�

P�A � B� �
3

52
.

P�B� �
12

52
.

B

P�A� �
13

52
.

A

B
A

P�A � B� � 0.

BA
B

ABA
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Example 7

Probability of the Union of Two Events
If and are events in the same sample space, the probability of or 
occurring is given by

If and are mutually exclusive, then

P�A � B� � P�A� � P�B�.

BA

P�A � B� � P�A� � P�B� � P�A � B�.

BABA

A♥

J♥
Q♥

K♥ K♣

Q♣
J♣

K♦

Q♦
J♦

K♠

Q♠
J♠

3♥
2♥

4♥
6♥

8♥
5♥
7♥

9♥
10♥

Hearts

Face cards

n(A ∩ B) = 3

FIGURE 9.12
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Probability of Mutually Exclusive Events

The personnel department of a company has compiled data on the numbers of
employees who have been with the company for various periods of time. The
results are shown in the table.

If an employee is chosen at random, what is the probability that the employee has
(a) 4 or fewer years of service and (b) 9 or fewer years of service?

Solution
a. To begin, add the number of employees to find that the total is 529. Next, let

event represent choosing an employee with 0 to 4 years of service. Then the
probability of choosing an employee who has 4 or fewer years of service is

b. Let event represent choosing an employee with 5 to 9 years of service. Then

Because event from part (a) and event have no outcomes in common, you
can conclude that these two events are mutually exclusive and that

So, the probability of choosing an employee who has 9 or fewer years of
service is about 0.465.

Now try Exercise 47.

 � 0.465.

 �
246

529

  �
157

529
�

89

529

 P�A � B� � P�A� � P�B�

BA

P�B� �
89

529
 .

B

P�A� �
157

529
� 0.297.

A

Years of service Number of employees

0–4 157

5–9 89

10–14 74

15–19 63

20–24 42

25–29 38

30–34 37

35–39 21

40–44 8

Additional Examples

a. If an employee from Example 8 
is chosen at random, what is the
probability that the employee has 
30 or more years of service?

b. If an employee from Example 8 
is chosen at random, what is the
probability that the employee has
either less than 15 years or more
than 34 years of service?

Solutions

a. 0.125

b. 0.660�
�

Example 8
 

333202_0907.qxd  12/5/05  11:41 AM  Page 706



Independent Events
Two events are independent if the occurrence of one has no effect on the occur-
rence of the other. For instance, rolling a total of 12 with two six-sided dice has
no effect on the outcome of future rolls of the dice. To find the probability that
two independent events will occur, multiply the probabilities of each.

Probability of Independent Events

A random number generator on a computer selects three integers from 1 to 20.
What is the probability that all three numbers are less than or equal to 5?

Solution
The probability of selecting a number from 1 to 5 is

So, the probability that all three numbers are less than or equal to 5 is

Now try Exercise 48.

Probability of Independent Events

In 2004, approximately 20% of the adult population of the United States got their
news from the Internet every day. In a survey, 10 people were chosen at random
from the adult population. What is the probability that all 10 got their news from
the Internet every day? (Source: The Gallup Poll)

Solution
Let represent choosing an adult who gets the news from the Internet every day.
The probability of choosing an adult who got his or her news from the Internet
every day is 0.20, the probability of choosing a second adult who got his or her
news from the Internet every day is 0.20, and so on. Because these events are
independent, you can conclude that the probability that all 10 people got their
news from the Internet every day is

Now try Exercise 49.

�P�A��10 � �0.20�10 � 0.0000001.

A

 �
1
64

.

 P�A� � P�A� � P�A� � 	1

4
	
1

4
	
1

4


�
1

4
.P�A� �

5

20
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Activities

1. You have two bags, each of which
contains a red marble and a green
marble. You select one marble from
each bag. Write the sample space.

Answer:

2. A person draws two cards from a
deck of 52 cards. What is the proba-
bility that the two cards drawn will
both be face cards if the deck
contains 12 face cards?

Answer:

3. A bag contains four red, three yellow,
and five green marbles. One marble
is selected from the bag. What is the
probability that it is a red marble?
(Assume that the marbles are of the
same size, shape, etc.)

Answer:

4. Use the student population of your
class today.

a. If two students are chosen at
random, what is the probability
that both will be female?

b. If one student is chosen at
random, what is the probability
that this student was born in a
month beginning with the letter
“J”?

Answers will vary depending on the
class.

1
3

11
221

S � �RR, RG, GR, GG�

Probability of Independent Events
If and are independent events, the probability that both and will
occur is

P�A and B� � P�A� � P�B�.

BABA

 

Example 9

Example 10
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The Complement of an Event
The complement of an event is the collection of all outcomes in the sample
space that are not in The complement of event is denoted by Because 

or and because and are mutually exclusive, it follows that
So, the probability of is

For instance, if the probability of winning a certain game is

the probability of losing the game is

Finding the Probability of a Complement

A manufacturer has determined that a machine averages one faulty unit for every
1000 it produces. What is the probability that an order of 200 units will have one
or more faulty units?

Solution
To solve this problem as stated, you would need to find the probabilities of
having exactly one faulty unit, exactly two faulty units, exactly three faulty units,
and so on. However, using complements, you can simply find the probability that
all units are perfect and then subtract this value from 1. Because the probability
that any given unit is perfect is 999/1000, the probability that all 200 units are
perfect is

So, the probability that at least one unit is faulty is

Now try Exercise 51.

 � 0.181

 � 1 � 0.819.

P�A� � � 1 � P�A�

 � 0.819.

P�A� � 	 999

1000

200

 �
3

4
.

P�A� � � 1 �
1

4

P�A� �
1

4

P�A� � � 1 � P�A�.

A�P�A� � P�A�� � 1.
A�AA� � � 1P�A

A�.AA.
A
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Activity

Consider having students create a book
or pamphlet on probability by taking
each type of probability situation
discussed in this section, defining the
terms, giving the formulas needed, and
then creating their own examples to
illustrate how to calculate probabilities.

Probability of a Complement
Let be an event and let be its complement. If the probability of is

the probability of the complement is

P�A� � � 1 � P�A�.

P�A�,
AA�A

Example 11
 

You are in a class with 22 other
people. What is the probability
that at least two out of the 23
people will have a birthday on
the same day of the year?

The complement of the
probability that at least two
people have the same birthday
is the probability that all 23
birthdays are different. So, first
find the probability that all 23
people have different birthdays
and then find the complement.

Now, determine the proba-
bility that in a room with 50
people at least two people have
the same birthday.

Exploration
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In Exercises 1–6, determine the sample space for the
experiment.

1. A coin and a six-sided die are tossed.

2. A six-sided die is tossed twice and the sum of the points is
recorded.

3. A taste tester has to rank three varieties of yogurt, A, B,
and C, according to preference.

4. Two marbles are selected from a bag containing two red
marbles, two blue marbles, and one yellow marble. The
color of each marble is recorded.

5. Two county supervisors are selected from five supervisors,
A, B, C, D, and E, to study a recycling plan.

6. A sales representative makes presentations about a product
in three homes per day. In each home, there may be a sale
(denote by S) or there may be no sale (denote by F).

Tossing a Coin In Exercises 7–10, find the probability for
the experiment of tossing a coin three times. Use 
the sample space 

7. The probability of getting exactly one tail

8. The probability of getting a head on the first toss

9. The probability of getting at least one head

10. The probability of getting at least two heads

Drawing a Card In Exercises 11–14, find the probability
for the experiment of selecting one card from a standard
deck of 52 playing cards.

11. The card is a face card.

12. The card is not a face card.

13. The card is a red face card.

14. The card is a 6 or lower. (Aces are low.)

Tossing a Die In Exercises 15–20, find the probability for
the experiment of tossing a six-sided die twice.

15. The sum is 4. 16. The sum is at least 7.

17. The sum is less than 11. 18. The sum is 2, 3, or 12.

19. The sum is odd and no more than 7.

20. The sum is odd or prime.

Drawing Marbles In Exercises 21–24, find the probability
for the experiment of drawing two marbles (without
replacement) from a bag containing one green, two yellow,
and three red marbles.

21. Both marbles are red.

22. Both marbles are yellow.

23. Neither marble is yellow.

24. The marbles are of different colors.

T TH, T T T }.
S � {HHH, HHT, HTH, H T T, THH, TH T,

Exercises 9.7

VOCABULARY CHECK:

In Exercises 1–7, fill in the blanks.

1. An ________ is an event whose result is uncertain, and the possible results of the event are called ________.

2. The set of all possible outcomes of an experiment is called the ________ ________.

3. To determine the ________ of an event, you can use the formula where is the number of 

outcomes in the event and is the number of outcomes in the sample space.

4. If then is an ________ event, and if then is a ________ event.

5. If two events from the same sample space have no outcomes in common, then the two events are ________ ________.

6. If the occurrence of one event has no effect on the occurrence of a second event, then the events are ________.

7. The ________ of an event is the collection of all outcomes in the sample space that are not in 

8. Match the probability formula with the correct probability name.

(a) Probability of the union of two events (i)

(b) Probability of mutually exclusive events (ii)

(c) Probability of independent events (ii)

(d) Probability of a complement (iv)

PREREQUISITE SKILLS REVIEW: Practice and review algebra skills needed for this section at www.Eduspace.com.

P�A and B� � P�A� � P�B�
P�A � B� � P�A� � P�B� � P�A � B�
P�A� � � 1 � P�A�
P�A � B� � P�A� � P�B�

A.A

EP�E� � 1,EP�E� � 0,

n�S�

n�E�P�E� �
n�E�
n�S� ,
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In Exercises 25–28, you are given the probability that an
event will happen. Find the probability that the event will
not happen.

25. 26.

27.

28.

In Exercises 29–32, you are given the probability that an
event will not happen. Find the probability that the event
will happen.

29.

30.

31.

32.

33. Data Analysis A study of the effectiveness of a flu
vaccine was conducted with a sample of 500 people. Some
participants in the study were given no vaccine, some were
given one injection, and some were given two injections.
The results of the study are listed in the table.

A person is selected at random from the sample. Find the
specified probability.

(a) The person had two injections.

(b) The person did not get the flu.

(c) The person got the flu and had one injection.

34. Data Analysis One hundred college students were inter-
viewed to determine their political party affiliations and
whether they favored a balanced-budget amendment to the
Constitution. The results of the study are listed in the table,
where represents Democrat and represents Republican.

A person is selected at random from the sample. Find the
probability that the described person is selected.

(a) A person who doesn’t favor the amendment

(b) A Republican

(c) A Democrat who favors the amendment

35. Graphical Reasoning The figure shows the results of a
recent survey in which 1011 adults were asked to grade
U.S. public schools. (Source: Phi Delta Kappa/Gallup
Poll)

(a) Estimate the number of adults who gave U.S. public
schools a B.

(b) An adult is selected at random. What is the probabilty
that the adult will give the U.S. public schools an A?

(c) An adult is selected at random. What is the probabilty
the adult will give the U.S. public schools a C or a D?

36. Graphical Reasoning The figure shows the results of a
survey in which auto racing fans listed their favorite type
of racing. (Source: ESPN Sports Poll/TNS Sports)

(a) What is the probability that an auto racing fan selected
at random lists NASCAR racing as his or her favorite
type of racing?

(b) What is the probability that an auto racing fan selected
at random lists Formula One or motorcycle racing as
his or her favorite type of racing?

(c) What is the probability that an auto racing fan selected
at random does not list NHRA drag racing as his or her
favorite type of racing?

Favorite Type of Racing

NASCAR
59%

NHRA
drag racing

13%

Motorcycle 11%

Other 11%

Formula One
6%

A 2%

Grading Public Schools

Fail 3%

C 52%

B 24%

D 12%

Don’t know
7%

RD

P�E�� �
61

100

P�E�� �
17
35

P�E�� � 0.92

P�E�� � 0.14

P�E� �
2
3

P�E� �
1
4

P�E� � 0.36P�E� � 0.7
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No One Two
vaccine injection injections Total

Flu 7 2 13 22

No flu 149 52 277 478

Total 156 54 290 500

Favor Not Favor Unsure Total

D 23 25 7 55

R 32 9 4 45

Total 55 34 11 100
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37. Alumni Association A college sends a survey to selected
members of the class of 2006. Of the 1254 people who
graduated that year, 672 are women, of whom 124 went on
to graduate school. Of the 582 male graduates, 198 went on
to graduate school. An alumni member is selected at
random. What are the probabilities that the person is 
(a) female, (b) male, and (c) female and did not attend
graduate school?

38. Education In a high school graduating class of 202
students, 95 are on the honor roll. Of these, 71 are going on
to college, and of the other 107 students, 53 are going on
to college. A student is selected at random from the class.
What are the probabilities that the person chosen is (a)
going to college, (b) not going to college, and (c) on the
honor roll, but not going to college?

39. Winning an Election Taylor, Moore, and Jenkins are
candidates for public office. It is estimated that Moore and
Jenkins have about the same probability of winning, and
Taylor is believed to be twice as likely to win as either of
the others. Find the probability of each candidate winning
the election.

40. Winning an Election Three people have been nominated
for president of a class. From a poll, it is estimated that the
first candidate has a 37% chance of winning and the
second candidate has a 44% chance of winning. What is
the probability that the third candidate will win?

In Exercises 41–52, the sample spaces are large and you
should use the counting principles discussed in Section
9.6.

41. Preparing for a Test A class is given a list of 20 study
problems, from which 10 will be part of an upcoming
exam. A student knows how to solve 15 of the problems.
Find the probabilities that the student will be able to
answer (a) all 10 questions on the exam, (b) exactly eight
questions on the exam, and (c) at least nine questions on
the exam.

42. Payroll Mix-Up Five paychecks and envelopes are
addressed to five different people. The paychecks are
randomly inserted into the envelopes. What are the
probabilities that (a) exactly one paycheck will be inserted
in the correct envelope and (b) at least one paycheck will
be inserted in the correct envelope?

43. Game Show On a game show, you are given five digits to
arrange in the proper order to form the price of a car. If you
are correct, you win the car. What is the probability of
winning, given the following conditions?

(a) You guess the position of each digit.

(b) You know the first digit and guess the positions of the
other digits.

44. Card Game The deck of a card game is made up of 108
cards. Twenty-five each are red, yellow, blue, and green,
and eight are wild cards. Each player is randomly dealt a
seven-card hand.

(a) What is the probability that a hand will contain exactly
two wild cards?

(b) What is the probability that a hand will contain two
wild cards, two red cards, and three blue cards?

45. Drawing a Card One card is selected at random from an
ordinary deck of 52 playing cards. Find the probabilities
that (a) the card is an even-numbered card, (b) the card is a
heart or a diamond, and (c) the card is a nine or a face card.

46. Poker Hand Five cards are drawn from an ordinary deck
of 52 playing cards. What is the probability that the hand
drawn is a full house? (A full house is a hand that consists
of two of one kind and three of another kind.)

47. Defective Units A shipment of 12 microwave ovens
contains three defective units. A vending company has
ordered four of these units, and because each is identically
packaged, the selection will be random. What are the
probabilities that (a) all four units are good, (b) exactly two
units are good, and (c) at least two units are good?

48. Random Number Generator Two integers from 1
through 40 are chosen by a random number generator.
What are the probabilities that (a) the numbers are both
even, (b) one number is even and one is odd, (c) both
numbers are less than 30, and (d) the same number is
chosen twice?

49. Flexible Work Hours In a survey, people were asked if
they would prefer to work flexible hours—even if it meant
slower career advancement—so they could spend more
time with their families. The results of the survey are
shown in the figure. Three people from the survey were
chosen at random. What is the probability that all three
people would prefer flexible work hours?

Rigid hours
13%

Don’t know
9%Flexible

hours
78%

Flexible Work Hours
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50. Consumer Awareness Suppose that the methods used by
shoppers to pay for merchandise are as shown in the circle
graph. Two shoppers are chosen at random. What is the
probability that both shoppers paid for their purchases only
in cash?

51. Backup System A space vehicle has an independent
backup system for one of its communication networks. The
probability that either system will function satisfactorily
during a flight is 0.985. What are the probabilities 
that during a given flight (a) both systems function 
satisfactorily, (b) at least one system functions 
satisfactorily, and (c) both systems fail?

52. Backup Vehicle A fire company keeps two rescue vehi-
cles. Because of the demand on the vehicles and the chance
of mechanical failure, the probability that a specific vehicle
is available when needed is 90%. The availability of one
vehicle is independent of the availability of the other. Find
the probabilities that (a) both vehicles are available at a
given time, (b) neither vehicle is available at a given time,
and (c) at least one vehicle is available at a given time.

53. A Boy or a Girl? Assume that the probability of the birth
of a child of a particular sex is 50%. In a family with four
children, what are the probabilities that (a) all the children
are boys, (b) all the children are the same sex, and (c) there
is at least one boy?

54. Geometry You and a friend agree to meet at your favorite
fast-food restaurant between 5:00 and 6:00 P.M. The one
who arrives first will wait 15 minutes for the other, and
then will leave (see figure). What is the probability that the
two of you will actually meet, assuming that your arrival
times are random within the hour?
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Half cash, half credit
30%

Mostly credit
7%

Only credit
4%

Only cash
32%

Mostly cash
27%

How Shoppers Pay for Merchandise
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55. Roulette American roulette is a game in which a
wheel turns on a spindle and is divided into 38 pockets.
Thirty-six of the pockets are numbered 1–36, of which
half are red and half are black. Two of the pockets are
green and are numbered 0 and 00 (see figure). The
dealer spins the wheel and a small ball in opposite
directions. As the ball slows to a stop, it has an equal
probability of landing in any of the numbered pockets.

(a) Find the probability of landing in the number 00
pocket.

(b) Find the probability of landing in a red pocket.

(c) Find the probability of landing in a green pocket or
a black pocket.

(d) Find the probability of landing in the number 14
pocket on two consecutive spins.

(e) Find the probability of landing in a red pocket on
three consecutive spins.

(f ) European roulette does not contain the 00 pocket.
Repeat parts (a)–(e) for European roulette. How do
the probabilities for European roulette compare
with the probabilities for American roulette?
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56. Estimating A coin of diameter is dropped onto a
paper that contains a grid of squares units on a side (see
figure).

(a) Find the probability that the coin covers a vertex of one
of the squares on the grid.

(b) Perform the experiment 100 times and use the results
to approximate 

Synthesis

True or False? In Exercises 57 and 58, determine whether
the statement is true or false. Justify your answer.

57. If and are independent events with nonzero probabili-
ties, then can occur when occurs.

58. Rolling a number less than 3 on a normal six-sided die has
a probability of . The complement of this event is to roll a
number greater than 3, and its probability is 

59. Pattern Recognition and Exploration Consider a group
of people.

(a) Explain why the following pattern gives the probabili-
ties that the people have distinct birthdays.

(b) Use the pattern in part (a) to write an expression for the
probability that people have distinct birthdays.

(c) Let be the probability that the people have distinct
birthdays. Verify that this probability can be obtained
recursively by

and

(d) Explain why gives the probability that at
least two people in a group of people have the same
birthday.

(e) Use the results of parts (c) and (d) to complete the
table.

(f) How many people must be in a group so that the prob-
ability of at least two of them having the same birthday
is greater than Explain.

60. Think About It A weather forecast indicates that the
probability of rain is 40%. What does this mean?

Skills Review

In Exercises 61–70, find all real solutions of the equation.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

In Exercises 71–74, sketch the graph of the solution set of
the system of inequalities.
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72.

73.
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