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Ranks and suits in a standard deck of
playing cards
Figure 9.2

+« REMARK When solving

. problems involving counting
principles, you need to
distinguish among the various
counting principles to determine
which is necessary to solve
the problem. To do this, ask
yourself the questions below.

1. Is the order of the elements
important? Permutation

2. Is the order of the elements
not important? Combination

3. Does the problem involve
two or more separate events?

. Fundamental Counting

Principle

Counting Card Hands

A standard poker hand consists of five cards dealt from a deck of 52 (see Figure 9.2)
How many different poker hands are possible? (Order is not important.) :

Solution To determine the number of different poker hands, find the number of
combinations of 52 elements taken five at a time.

52!
(52 — 5)!5!

52!

47151

_52+51+5049-48 - 471
47154321

= 2,598,960

\/ Checkpoint &)

In three-card poker, a hand consists of three cards dealt from a deck of 52. How many
different three-card poker hands are possible? (Order is not important.)

D WINSNIN Forming a Team

You are forming a 12-member swim team from 10 girls and 15 boys. The team must
consist of five girls and seven boys. How many different 12-member teams are possible?

52Cs5 =

Solution There are |,C, ways of choosing five girls. There are |;C, ways of choosing
seven boys. By the Fundamental Counting Principle, there are ,Cs ¢ 5C, ways of
choosing five girls and seven boys.

10! 15!

51+ 51 Breqr o 226435 = 1,621,620

10Cs * 5C7 =

So, there are 1,621,620 12-member swim teams possible.
v/ Checkpoint

In Example 10, the team must consist of six boys and six girls. How many different
12-member teams are possible?

| Summarize (Section 9.6)

1. Explain how to solve a simple counting problem (page 656). For examples
of solving simple counting problems, see Examples 1 and 2.

using the Fundamental Counting Principle to solve counting problems, see
Examples 3 and 4.

3. Explain how to find the number of permutations of n elements (page 658),
the number of permutations of n elements taken r at a time (page 659), and
the number of distinguishable permutations (page 660). For examples of
using permutations to solve counting problems, see Examples 5-7.

| 2. State the Fundamental Counting Principle (page 657). For examples of
|
|
|

4. Explain how to find the number of combinations of n elements taken r at
I a time (page 661). For examples of using combinations to solve counting
problems, see Examples §—10.

1.

6.

9.6 Exercises

. An ordering of n elements is a

Vocabulary: Fill in the blanks.

see CalcChat.com for tutorial help and worked-out solutions to odd-numbered exercises.
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The states that when there are m, different ways for one event to occur
and m, different ways for a second event to occur, there are m, * m, ways for both events to occur.

The number of

of n elements taken r at a time.

of the elements.

of n objects is given by .

. The number of permutations of n elements taken r at a time is given by

n!

Joemlemle el

. When selecting subsets of a larger set in which order is not important, you are finding the number of

The number of combinations of n elements taken r at a time is given by

Skills and Applications

Random Selection In Exercises 7-14, determine the
number of ways a computer can randomly generate one
or more such integers from 1 through 12.

7.

9.
10.
11.
12.
13.
14.

15.

16.

17.

18.

19,

An odd integer 8. An even integer

A prime integer

An integer that is greater than 9

An integer that is divisible by 4

An integer that is divisible by 3

Two distinct integers whose sum is 9

Two distinct integers whose sum is 8

Entertainment Systems A customer can choose
one of three amplifiers, one of two compact disc players,
and one of five speaker models for an entertainment
system. Determine the number of possible system
configurations.

Job Applicants A small college needs two additional
faculty members: a chemist and a statistician. There
are five applicants for the chemistry position and three
applicants for the statistics position. In how many ways
can the college fill these positions?

[E]{f:[E] Course Schedule A college student is
i"&. % preparing a course schedule for the next
E]i ; semester. The student may select one of two

mathematics courses, one of three science
courses, and one of five courses from the social
sciences. How many schedules are possible?

Physiology In a physiology class, a student must
dissect three different specimens. The student can select
one of nine earthworms, one of four frogs, and one of
seven fetal pigs. In how many ways can the student
select the specimens?

True-False Exam In how many ways can you
answer a six-question true-false exam? (Assume that
you do not omit any questions.)

20.

21.

22.

23.

24,

25.

True-False Exam In how many ways can you
answer a 12-question true-false exam? (Assume that
you do not omit any questions.)

License Plate Numbers In the state of
Pennsylvania, each standard automobile license plate
number consists of three letters followed by a four-digit
number. How many distinct license plate numbers are
possible in Pennsylvania?

License Plate Numbers In a certain state, each
automobile license plate number consists of two letters
followed by a four-digit number. To avoid confusion
between “O” and “zero” and between “I” and “one,”
the letters “O” and “I”” are not used. How many distinct
license plate numbers are possible in this state?

Three-Digit Numbers How many three-digit

numbers are possible under each condition?

(a) The leading digit cannot be zero.

(b) The leading digit cannot be zero and no repetition
of digits is allowed.

(c) The leading digit cannot be zero and the number
must be a multiple of 5.

(d) The number is at least 400.

Four-Digit Numbers How many four-digit numbers

are possible under each condition?

(a) The leading digit cannot be zero.

(b) The leading digit cannot be zero and no repetition
of digits is allowed.

(c) The leading digit cannot be zero and the number
must be less than 5000.

(d) The leading digit cannot be zero and the number
must be even.

Combination Lock A combination lock will open
when you select the right choice of three numbers (from 1
to 40, inclusive). How many different lock combinations
are possible?
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26. Combination Lock A combination lock will open
when you select the right choice of three numbers
(from 1 to 50, inclusive). How many different lock
combinations are possible?

27. Concert Seats Four couples reserve seats in one
row for a concert. In how many different ways can they
sit when
(a) there are no seating restrictions?

(b) the two members of each couple wish to sit together?

28. Single File In how many orders can four girls and
four boys walk through a doorway single file when
(a) there are no restrictions?
(b) the girls walk through before the boys?

29, Posing for a Photograph Inhow many ways can
five children posing for a photograph line up in a row?

30. Riding in a Car In how many ways can six people
sit in a six-passenger car?

?E} Evaluating P, In Exercises 31-34,
i

&
£

% evaluate P,
[ﬂ;{ o

3. P,  32. (P, 33. ,P, 34. P

Ao Evaluating P, In Exercises 35-38, use a graphing

utility to evaluate ,P,.

35. P,  36. . oP.  37. P, 38 P

'39,KidneyDonors.o.--ooo.ooo-oo'

A patient with
end-stage kidney
disease has nine
family members
who are potential
kidney donors.

How many possible
orders are there for
a best match,

a second-best match,
and a third-best match?

8 8 @ ® % & 8 & © & 8 & F P B G B R S B BB S 0 B B SR

40, Choosing Officers From a pool of 12 candidates,
the offices of president, vice-president, secretary, and
treasurer need to be filled. In how many different ways
can the offices be filled?

41. Batting Order A baseball coach is creating a
nine-player batting order by selecting from a team
of 15 players. How many different batting orders are
possible?

42, Athletics Eight sprinters qualify for the finals in the
100-meter dash at the NCAA national track meet. In
how many ways can the sprinters come in first, second,
and third? (Assume there are no ties.)

Kannanimages/Shutterstock.com
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Number of Distinguishab|e

;‘% Permutations In Exercises 43-46, finq

43.
45.

47.

48.

[=]
[=]
49

ff Evaluating ,C,

the number of distinguishable permutationg
of the group of letters.

A,A,GEEEM 44. B,B,B, T, T, T, T, T
AL GEBRA 46. M,L,S,S,L.S,S,LP, P, |

Writing Permutations Write all permutations of
the letters A, B, C, and D.

Writing Permutations Write all permutations of

the letters A, B, C, and D when letters B and C muyg;
remain between A and D.

[8] Evaluating ,C, In Exercises 49-52
45 evaluate ,C, using the formula from thijs
Y section.

. Cs  50. 4C,

5L ,C, 52, ,G,

In Exercises 53-56, use a graphing

utility to evaluate ,C.,.

53.

57

58.

59.

62.

63.

64.

60.

61.

16Ca 54. ,C; 55. 5,Ce 56. 5,Cs

. Writing Combinations Write all combinations of
two letters that can be formed from the letters A, B, C,
D, E, and F. (Order is not important.)

Forming an Experimental Group To conduct
an experiment, researchers randomly select five students
from a class of 20. How many different groups of five
students are possible?

Jury Selection In how many different ways can a
jury of 12 people be randomly selected from a group of
40 people?

Committee Members A U.S. Senate Committee
has 14 members. Assuming party affiliation is not a
factor in selection, how many different committees are
possible from the 100 U.S. senators?

Lottery Choices In the Massachusetts Mass Cash
game, a player randomly chooses five distinct numbers
from 1 to 35. In how many ways can a player select the
five numbers?

Lottery Choices In the Louisiana Lotto game, 2
player randomly chooses six distinct numbers from 1 to
40. In how many ways can a player select the six numbers?

Defective Units A shipment of 25 television sets
contains three defective units. In how many ways can
a vending company purchase four of these units and
receive (a) all good units, (b) two good units, and (c) at
least two good units?

Interpersonal Relationships The complexity
of interpersonal relationships increases dramatically as
the size of a group increases. Determine the numbers of
different two-person relationships in groups of people
of sizes (a) 3, (b) &, (¢) 12, and (d) 20.

65. Poker Hand You are dealt five cards from a standard
deck of 52 playing cards. In how many ways can you
get (a) a full house and (b) a five-card combination
containing two jacks and three aces? (A full house
consists of three of one kind and two of another. For
example, A-A-A-5-5 and K-K-K-10-10 are full houses.)

66. Job Applicants An employer interviews 12 people
for four openings at a company. Five of the 12 people
are women. All 12 applicants are qualified. In how many
ways can the employer fill the four positions when (a)
the selection is random and (b) exactly two selections are
women?

67. Forming a Committee A local college is
forming a six-member research committee with one
administrator, three faculty members, and two students.
There are seven administrators, 12 faculty members,
and 20 students in contention for the committee. How
many six-member committees are possible?

68. Law Enforcement A police department uses
computer imaging to create digital photographs of
alleged perpetrators from eyewitness accounts. One
software package contains 195 hairlines, 99 sets of eyes
and eyebrows, 89 noses, 105 mouths, and 74 chin and
cheek structures.

(a) Find the possible number of different faces that the
software could create.

(b) An eyewitness can clearly recall the hairline and
eyes and eyebrows of a suspect. How many different
faces are possible with this information?

Geometry In Exercises 69-72, find the number of
diagonals of the polygon. (A diagonal is a line segment
connecting any two nonadjacent vertices of a polygon.)

69. Pentagon
70. Hexagon
71. Octagon
72. Decagon (10 sides)

73. Geometry Three points that are not collinear
determine three lines. How many lines are determined
by nine points, no three of which are collinear?

74. Lottery Powerball is a lottery game that is operated
by the Multi-State Lottery Association and is played in
44 states, Washington D.C., Puerto Rico, and the U.S.
Virgin Islands. The game is played by drawing five
white balls out of a drum of 69 white balls (numbered
1-69) and one red powerball out of a drum of 26 red
balls (numbered 1-26). The jackpot is won by matching
all five white balls in any order and the red powerball.

(a) Find the possible number of winning Powerball
numbers.

(b) Find the possible number of winning Powerball
numbers when you win the jackpot by matching all
five white balls in order and the red powerball.
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Solving an Equation In Exercises 75-82, solve for n.

75‘4./z+lP2=n+2P3 76'5.!1—lPl=nP2
77. i P3=4- P, 78. ,12P3 =6+ ,.0P
79. 14 - uP3 = n+2P4 80. nPS =18 - n—2P4
81. P, =10, P, 82. Py=12-,_,P;
Exploration

True or False? In Exercises 83 and 84, determine
whether the statement is true or false. Justify your answer.

83. The number of letter pairs that can be formed in any
order from any two of the first 13 letters in the alphabet
(A-M) is an example of a permutation.

84. The number of permutations of n elements can be
determined by using the Fundamental Counting
Principle.

85. Think About It Without calculating, determine
which of the following is greater. Explain.

(a) The number of combinations of 10 elements taken
six at a time

(b) The number of permutations of 10 elements taken
six at a time

QEO! HOW DO YOU SEE IT? Without

calculating, determine whether the value of
P, is greater than the value of ,C, for the
values of n and r given in the table. Complete
the table using yes (Y) or no (N). Is the value

of P_always greater than the value of ,C,?

nr

Explain.

N |o|1]|2|3]4|5]6]7
1

2

3

4

5

6

7

Proof In Exercises 87-90, prove the identity.
87. P,_, =P 88. .C, = ,Co

nton—1 nton n=n

89. C,_, =,C,

n~n—I n

nPr
9. ,C.=—
n>r rl

A5 91. Think About It Can your graphing utility evaluate

100Ps0? If not, explain why.




