Whﬂt you should learn
Find the probability

of iIndependent events.

L) Find the probability

of dependent events, as
appiied in Ex. 33.

Wh}( you should learn 1t

¥ To solve real-life
problems, such as finding
the probability that the
Florida Marlins win three
gamesin a row in
Example 2

Probablllty of Independent and
. Dependent Events

[ITYARD PROBABILITIES OF INDEPENDENT EVENTS

Two events are independent if the occurrence of one has no effect on the
occurrence of the other. For istance, it a coin 1s tossed twice, the outcome of the
first toss {heads or tatls} has no effect on the outcome of the second toss,

If Aand Bare mdt—:—pendent events, then the probability that both A and 8o
is P(Aand B) = P(A) + P(B). |

30 a8 R Probability of Two Independent Events

You arc playving a game that involves spinning the B4
money wheel shown. During your turn you get 10 _A S W 5{
spin the wheel twice, What 1s the probability that g 1{& )
you get more than $300 on your birst spin and then f’ﬁ 0 0
o0 bankrupt on your second spin? AH“H - Q"‘
D oy

SOLUTION [.ctevent A be getting more than 5500 B O
on the hirst spin, and let event B be going bankrupt ﬁfg" _ a oF
on the second spin. The two events are independent. At‘\ ‘p& of0
S0, the probahlity 1s: 4 o

P(Aand B) = P(A)+ P(B) = o+ =5 = = = 0.028 | ;t_ 3 1‘5

The formula given above lor the probabihity ol two independent events can be
cxtended to the probability of three or more independent events.

Probability of Three Independent Events

BASEBALL During the 1997 baseball season, the Florida Marlins won 5 out of 7 -
home games and 3 out of 7 away sames against the San Francisco Giants. During
[997 National League Division Seres with the Guants, the Marlins played the firg
two gamies at home and the third game away. The Marlins won all three games,
Estimate the probability of this happening. P Source: The Florida Marlins

SOLUTION [ctevents A, B, and € be winning the first, second, and third games.
The three events are independent and have expennmental probabilities biased on the
regular season games. So, the probability of winning the first three games is;

nd B — : : S A R Y - IS
P(A and Band C) = P(A)+ P(B) + P(C) = 5+ 5+ 5 = 322~ 0.219
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IXNTIXEY Using a Complement to Find a Probability

Mpgror .

You collect hockey trading cards. For one team there are
25 different cards in the set, and you have all of them
except for the starting goalic card. To try and get this card,
you buy & packs of 5 cards each. All cards in a pack are
different and each of the cards is equally likely to be in a
given pack. Find the probability that you will get at least
one starting goalie card.

SOLUTION
In one pack the probability of nor getting the starting goalie card is:
. . 24Cs
P(no starting goalie) = =-2
25C s

Buying packs of cards are independent events, so the probability of getting at least
one starting goalie card in the 8 packs is:

P(at least one starting goatic) = 1 — P(no starting goalie in any pack)

_ 24Cs \®
25(5s

= ().832

ILUTINEY Solving a Probability Equation

A computer chip manufacturer has found that only 1 out of 1000 of jts chips is
defective. You are ordering a shipment of chips for the computer store where you
work. How many chips can you order before the probability that at least one chip is
defective reaches 50"

SOLUTION

Let #2 be the number of chips you order. From the given information you know that
P(chip is nor defective) = % = 0.999. Use this probability and the fact that each
chip ordered represeats an independent cvent to find the value of a,

P(at least one chip is defective) = 0.5 Write given assumption.
| — P(no chips are defective) = (.5 Use complement.
P — (0.999)" = 0.5 Substitute known probahility.
—(0.999)" = —0.5 Subtract 1 from each side.
(0.999)" = 0.5 Divide each side hy -1.
n o= 10g 0.5 Solve for n.

log 0.999

ft = HY3 Use a calculator.

P If you order 693 chips, you have a 50% chance of getting a defective chip.
Therefore, you can order 692 chips before the probability that at lcast one chip
1 defective reaches 509,
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(IE) PROBABILITIES OF DEPENDENT EVENTS
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Two cvents A and B arc dependent events 1t the oceurrence of onc affects the
occurrence of the other. The probability that B will occur given that A has occurred
is calied the conditional probability of B given A and is written P(B \ Al

PROBABILITY OF DEPENDENT EVENTS

If A and B are dependent events, then the probability that both A and B octurit
P(A and B) = P(A)+ P(B] A).

3L a0) Finding Conditional Probabilities

Endangered Species  The table shows the number of endungered and threatened animal species in the
United States as of November 30, 1998, Find (a) the probability that a listed animal
is a reptile and (b) the probability that an endangered animal is a reptile.

» Source: United States Fish and Wildiife Service

Mammals Birds Reptiles Amphibians | {ther |
fanaerec 59 75 14 9 10§
a( Y 15 21 7 6Y
SOLUTION
..+ nhumber of reptiles 35 |
a- P(mpﬂk} " total number of animals 475 0.0737

q N number of endangercd reptiles
endangercd) = : -
< tolal number of endangered animals
14

— ' == Ly,
355 (1,0394

b. P(reptile

ke i oy e e L e e
e

Comparing Dependent and Independent Events

You randomly sclect two cards from a standard 52-card deck. What is the probabiliy

that the first card is not a [ace card (a king, queen. or jack) and the second cardisa
Look Back . . . - q g
For help with a standard face card if (a) you replace the first card before selecting the second, and {b) you do
52-card deck, see p. 708. not replace the first card?

SOLUTION

a. If vou replace the first card before selecting the second card, then A and Bare
independent events. So. the probability 1s:

. 4
0. 12N 0173

P(A and B) = P(A) - P(B) = 55 " 169

b. If you do not replace the [irst card before selecting the second card. then A and 8
are dependent cvents. So, the probability 1s:

P(A and BY = PiA) « P(B \ A) = i‘% .

Chapter 12 FProbability and Statistics




The lormula for finding probabilities of dependent events can be extended to three or
more events, as shown in Example 7.

3N I8  Probability of Three Dependent Events

Dining Out You and two triends go to a restaurant and order a sandwich, The menu has 10
types of sandwiches and cach of you 1s equally likely to order any type. What 15
the probabihity that cach of you orders a different type?

y SOLUTION

3 [m [.ct cvent A be that you order a4 sandwich., event B be that one friend orders a ditterent
R Study Tip type. and event C be that your other friend orders a third type. These events are

S hucan also use the

R ipdzmental counting
ncipte to find the P(A and B and C) = P(A) » P(B| A) « P(C| A and B)
wbability in Example 7. 0 9 s

Ml different] 01010

- no. of different orders
no. of possible orders s 0.72

C10-9-8
*W10010 072

dependent. So, the probability that each of you orders a different type 1s:

PRI A AT ] AT T ", k=
- - . oL e T AT Pl ;

EXAMPLE 8

Using a Tree Diagram to Find Conditional Probabilities

HEALTH The American Diabetes Association estimates that 5.9% of Amencans
have diabetes. Suppose that a medical lab has developed a simple diagnostic test for
diabetes that is 98% accurate for people who have the discase and 93% accurate tor
people who do not have it, [f the medical lab gives the test to a randomly sclected
person, what is the probability that the diagnosis s correct?

SOLUTION

A probability tree diagram., where the probabihities are given along the branches.
can help you sec the different ways to obtlain a correct diagnosis. Notice that the
probabilities for all branches trom the samc point must sum Lo 1.

I e, e A — L (LT P TR

L - Event C:
. . 0.98
X Event 4. "1 Correct diagnosis

Person has =l e et

0.059 diabetes. UEEE Event D:
' Incorrect diagnosis

Total
Population }
0.95 Event C:

Event B: : . :
Correct diagnosis
0.341 Person does not /"‘"*“‘““““‘““‘“‘“g“““"““'“'t
have diabetes. \ Event D:

0.05 Incorrect diagnosis

So. the probabihity that the diagnosis 1s correct is:
P(C) = PlAand C} + P{Band C) Follow branches leading to C.
= P{A} - P(C ‘ A) ~ P(B}+ P(C| B) Use formula for dependent events.
= (0.059)(0.98) + ((0.941)1{0.95) Substitute,

= ().952 Use a calculator.
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GUIDED PRACTICE

Vocabulary Check / 1. Explain the diffcrence between dependent events and independent events, and
give an example of each,

Concept Check \/ E If event A is drawing a queen from a deck of cards and event B is drawing aking |
from the remaining cards, are events A and B dependent or independent”  depenss

Elf cvent A is rolling a two on a six-sided die and event B is rolling a four ona
different six-sided die, are events A and B dependent or independent?  independst

Skill Check / Events A and B are independent. Find the indicated probability.

1. Events are independentif 4. P(4) = 0.3 027 [5]ra) =2 02 6. P(A) = 0.75 02
the occurrence of one has P(B} = 0.9 P(B) = 0.3 P(B) = 1
no effect on the occurrence  p(4 und B) = 2 P(A and B) = 0.06 P(A and B) = 0.15
of the other. Events are
dependent if the Events A and B are dependent. Find the indicated probability.
occurrence of one affects
the occurrence of the uther. P(A} = 0.1 008 8. rA) =" 105 EP(A) =09 06
Sample answer: Rolls of a P(B|A) = 0.8 P(BlA) = 0.5 P(B|A) =1
die are independent events PAand BY = 1 P{A and B) = (1.25 P(A and B) = 0.M

because the numher you . . .. :
get on the first roll does 1!-, READING LIST In Exercises 10 and 11, use the following information.

not affect the number on  Lhree friends are wking an English class that bas a summer reading list. Each student

the second roll. The sum of is required to read one book from the list, which contains 3 biographies, 10 classics,

the numbers on two rolls of 41 5 historical novels.

a die is dependent. For _ | . | ,
example, if the first roll is m Find the probability that the tirst friend chooses a biography, the sccond fnend

not a six, thereisa 0 chooses a classic, and the third friend chooses a historical novel.  0.026
probabhility that the sum

will be twelve. Find the probability that the three friends cach choose a difterent ¢lassic. 0,123

PRACTICE AND APPLICATIONS

SPINNING A WHEEL You are playing a game
E_ | that involves spinning the wheel shown. Find

Extra Practice the probability of spinning the given colors.

to help you master .
skills is on p. 957. 12. red, then blue  0.087  13. red, then green  0.047

14. yellow. then red  0.059 15. green, then yellow 0.078

16. blue, then ycllow. 17. green, then red,
r STUDENT HELP then ercen  0.020 then bluc  0.012
- b» HOMEWORK HELP DRAWING CARDS Find the probability of drawing the given cards from a
" Example 1: Exs. 12-15 standard 52-card deck (a) with replacement and (b) without replacement.
Example 2: Exs. 16, 17, _ . . '
24 25 a heart, then a diamond 19. a jack, then a king  a. 0.0053 b, 0.000;

. Example 3: Exs. 26, 27

a. 0.0625 b, 0.0637 |
: a 2. then a face card (K, Q, or J) E a face card (K, Q, or J). thena?l
" Example 4: Exs. 28, 79

a. 0.0178 b. 0.0181 a. 00178 b, 0.0181

EE

Example 5. Exs. 30-32 an ace, then a 2, then a 3 23. a heart, then a diamond, then another i
Example 6: Exs. 18-21 v 2 0.00046 h. 0.00048 ~a.0.0156 b. 0.0153 |
. Example 7: Exs. 22, 23 24. ¥ GAMES You are playing a game that involves drawing three numbers from
Z 33, 34 a hat. There are 25 pieces of paper numbered 1 10 23 in the hat. Each number s
~ Example 8. Exs. 35, 36 replaced after it is drawn. What is the probability that each number is greater

than 20 or less than 47 0.0328
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E ¥ LAWN CARE The owner of a onc-man lawn mowing business owns three
old and unreliable riding mowers. As long as one of the threc is working he can
stay productive. From past experience, one of the mowers is unusable |2 percent
of the time, one 6 percent of the time. and one 20 percent of the tme. Find the
probability that all three mowers are unusable on a given day. 0.00144

26. 1’;. TRADING CARDS You collect movie trading cards, which have different
scenes from a movie. For one movie there are 90 different cards in the set, and
you have all of them ¢xcept the final scene. To try and get this card, you buy
16} packs of 8 cards each. All cards in a pack are different and cach of the cards is
equally likely to be in a given pack. Find the probability that you will get the
final scene,  0.606

% FREE THROWS Chris Mullin of the Indiana Pacers led the National
Basketball Association in free-throw percentage during the 1997-1998 season.
He made 93.9% of his free-throw atternpts. If he attempted [ frec throws in a
gamc, what 1s the probability that he missed at least one? B Source: NBA 0,467

ﬁ, MANUFACTURING [.ock back at Example 4. Suppose the computer chip
manutacturer has improved quality control so that on] y 1 out of 10,000 of its

chips 1s defective. Now how many chips can you order before the probabiiity that
N —— at least one chip is defective reaches 5067 6931

fi 2 HOMEWORK HELP 29. V,. LOTTERY To win a state lottery, a player must correctly match six different
#" Visit our Web site numbers from 1 to 42. If a computer randomly assi 2ns s1x numbers per ticket,

mwmcdougallittell.com how many tickets would a person have Lo buy Lo have a 1% chance of winning?
o help with problem at least 52,722 tickets

xhing in Ex. 2. CONNECTION  In Exercises 30 and 31, use the following information.
The table. based on a Gallup Poll, shows the number of voters (in 1000°s) by party

rocoson ™™ affiliation who were expected to vote for Bill Clinton and Bob Dole in the 1996
CAREERS ! Presidential election. » Source: The Gallup Organization

Democrat
Clinton [ 31,378
Dole 2,092 28,386 8.721

Republican Independent

30. Find the probability that a randomly selected person voted for Clinton,  0.547

31. Find the probability that a randomly selected Demoerat voted for Clinton. 0.937

32. % TEACHERS In the United States during the 1993-1994 school year,
39.6% of all male teachers and 26.1% ot all female teachers had twenty years
or more of full-time tcaching experience. That year 694,000 males and
1,867,000 females were teachers, What is the probability that a randomly chosen

p TEACHER

“Inaddition to _ teacher in the United States that year was a female with twenty years or more of
A, teachers plan daily full-time teaching experience? 0.19
nsand activities,

NF
s"‘? E:é DATA UPDATE of Statistical Abstract of the United States data at www.mcdougallittell.com
and correct home-

kind prepare and grade 33. "f, COSTUMES You and four of vour friends g0 o the same store at different
% They also monitor

times to buy costumes for a costume party, There are 20 different costumes at
ooms, study_halls, and the store. and the store has at least five duplicates of cach costume. Find the
Inas, meet with e , o
s, and supervise probability that all five of you choose different costumes. 0,581
umcular activities. 24

CAREER LINK
medougaliittell.com

. % AIRPLANE MEALS Ona long tlight an airline usually serves a meal. If
there are 2 choices for the meal, what is the probability that all 6 people in the
first row choose the same meal assuming choices are made independently? 0.0156

12.5 Frobability of Independent and Dependent Events
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