Chapter 10
Probability

Section 10-2
Independent and Dependent Events

Determining Whether Events Are Independent

Two events are independent events when the occurrence of one event does not affect
the occurrence of the other event.

C) Core Concept

Probability of Independent Events

Words Two events A and B are independent events if and only if the probability
that both events occur is the product of the probabilities of the events.

L Symbols P(A and B) = P(A) « P(B)

SHAIZAR N Determining Whether Events Are Independent

A student taking a quiz randomly guesses the answers to four true-false questions.

Use a sample space to determine whether guessing Question 1 correctly and guessing
Question 2 correctly are independent events.

SOLUTION
Using the sample space in Example 2 on page 539:

Picorrect on Question 1) = Isﬁ — ; Picorrect on Question 2) = Isﬁ — ;

Picorrect on Question 1 and correct on Question 2) = Iqﬁ = J’

P Because ; . ; = 4' the events are independent.



2 AIJNIFE Determining Whether Events Are Independent

A group of four students includes one boy and three girls. The teacher randomly
selects one of the students to be the speaker and a different student to be the recorder.
Use a sample space to determing whether randomly selecting a girl first and randomly
selecting a girl second are independent events.

SOLUTION
Number o . .
of girls utcome Let B represent the boy. Let G|, G,, and G, represent the three girls. Use a table to list
the outcomes in the sample space.
1 G B BG, ]
| G,B BG, Using the sample space:
1 G,B BG, P(girl first) = % = i P(girl second) = % = ;
2 GG G,G
=2 S Pigirl first and girl second) = l—‘: = —:
2 GGy | GG, - C
2 G,G: | GiGy P Because ; . 3 #+ El the events are not independent.

. In Example 1, determine whether guessing Question 1 incorrecily and guessing
Question 2 correctly are independent events.

. In Example 2, determine whether randomly selecting a girl first and randomly
selecting a boy second are independent events.



Finding Probabilities of Events

In Example 1, it makes sense that the events are independent because the second guess
should not be affected by the first guess. In Example 2, however, the selection of the
second person depends on the selection of the first person because the same person
cannot be selected twice. These events are dependent. Two events are dependent
events when the occurrence of one event does affect the occurrence of the other event.

The probability that event B occurs given that event A has occurred is called the
conditional probability of B given A and is written as P(B|A).

MAKING SENSE OF The probability that event B occurs given that event A has occurred is called the
PROBLEMS conditional probability of B given A and is written as P(B|A).

One way that you can find
P(girl second | girl first)

is to list the 9 outcomes @ c.ﬂre CDI‘]GBPT

in which a girl is chosen

first and then find the Probability of Dependent Events

fra-::tic.:nn of these outcomes Words If two events A and B are dependent events, then the probability that

in which a girl is chosen both events occur is the product of the probability of the first event and

second: the conditional probability of the second event given the first event.
GB GB G;B Symbols P(A and B) = P(A) « P(B|A)

Example Using the information in Example 2:
P(girl first and girl second) = P(girl first) « P(girl second | girl first)

L > ]

=
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Finding the Probability of Independent Events

As part of a board game, you need to spin the spinner, which is divided into equal
parts. Find the probability that you get a 5 on your first spin and a number greater
than 3 on your second spin.

SOLUTION
Let event A be “5 on first spin” and let event B be “greater than 3 on second spin.”

The events are independent because the outcome of your second spin is not affected
by the outcome of your first spin. Find the probability of each event and then multiply

the probabilities.
P(A) = % 1 of the 8 sectionsisa “5."
P(B) = % 5 of the 8 sections (4, 5, 6, 7, 8) are greater than 3.
- 185 _ X
P(Aand B) = P(A) « P(B) = ¢+ 2 = == 0.078

P So. the probability that you get a 5 on your first spin and a number greater than 3
on your second spin is about 7.8%.



Finding the Probability of Dependent Events

A bag contains twenty $1 bills and five $100 bills. You randomly draw a bill from
the bag, set it aside, and then randomly draw another bill from the bag. Find the
probability that both events A and B will occur.

Event A: The first bill is $100. Event B: The second bill is $100.
SOLUTION

The events are dependent because there is one less bill in the bag on your second draw
than on your first draw. Find P(A) and P(B|A). Then multiply the probabilities.

P(A) = 3 5 of the 25 bills are $100 bills.
P(B|A) = 5 4 of the remaining 24 bills are $100 bills.
= BT SENE DS DS, U 1eos
P(AandB)—P(A)’P(BIA)—E'E—E'E—SG 0.033

P So. the probability that you draw two $100 bills is about 3.3%.

Comparing Independent and Dependent Events

You randomly select 3 cards from a standard deck of 52 playing cards. What is the
probability that all 3 cards are hearts when (a) yvou replace each card before selecting
the next card, and (b) you do not replace each card before selecting the next card?
Compare the probabilities.

STUDY TIP SOLUTION
The formulas for . . " " . "
finding probabilities Let“evlent A bel first carﬂ is a heart.” event B be “second card is a heart,” and event C
of independent and be “third card is a heart.
dependent events can a. Because you replace each card before you select the next card, the events are
be extended to three independent. So, the probability is
or more events. D 13 13 13 1
PlAand Band C) = P(A) « P(B) « PIC) = $2°5 " 5" aﬂﬂ.ﬂlﬁ_

b. Because you do not replace each card before you select the next card, the events are
dependent. So, the probability is

P(Aand B and C) = P(A) » P(B|A) » P(C|A and B)

_ 13 12 11 _ 11 _
52 51 50 850 0.013.

P So, you are % + % = 1.2 times more likely to select 3 hearts when you replace

each card before you select the next card.

3. In Example 3, what is the probability that you spin an even number and then an
odd number?

4. In Example 4, what is the probability that both bills are $1 bills?

5. In Example 5, what is the probability that none of the cards drawn are hearts
when (a) vou replace each card, and (b) you do not replace each card? Compare
the probabilities.






Pass | Fail
Defective 3 6
MNon-defective | 450 11

STUDY TIP

MNote that when A and B
are independent, this rule
still applies because

P(B) = P(B|A).

>

Finding Conditional Probabilities

FEANILRNN Using a Table to Find Conditional Probabilities

A quality-control inspector checks for defective parts. The table shows the results of
the inspector’s work. Find (a) the probability that a defective part “passes,” and
{b) the probability that a non-defective part “fails.”

SOLUTION

Number of defective parts “passed”
Total number of defective parts
3 3 |

= T = 39 = 13 = (1.077, or about 7.7%

a. P(pass|defective) =

Number of non-defective parts “failed”
Total number of non-defective parts

-_u_ _11
450 + 11 461

b. P(fail | non-defective) =

= (1.024, or about 2.4%

You can rewrite the formula for the probability of dependent events to write a rule for
finding conditional probabilities.

P(A) = P(B|A) = P(A and B) Write formula.
_ P(Aand B) . .
P(R|A) PA) Divide each side by P(A).

Finding a Conditional Probability

At a school, 60% of students buy a school lunch. Only 10% of students buy lunch and
dessert. What is the probability that a student who buys lunch also buys dessert?

SOLUTION

Let event A be “buys lunch™ and let event B be “buys dessert.” You are given
P(A) = 0.6 and P(A and B) = 0.1. Use the formula to find P(B|A).

P(A and B)
F(A)

_ 0.1

0.6

1
= _ == ().167
6

P(B|A) =

=

Write formula for conditional probability.

Substitute 0.1 for P{4 and B) and 0.6 for PA).

Simplify.

P So, the probability that a student who buys lunch also buys dessert is

about 16.7%.



6. In Example 6, find (a) the probability that a non-defective part “passes,” and
(b) the probability that a defective part “fails.”

7. At a coffee shop, 80% of customers order coffee. Only 15% of customers order
coffee and a bagel. What is the probability that a customer who orders coffee also
orders a bagel?

Section 10-2 Homework #3-23 odd



