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‘21.3 Combinations and Probability

Name Class Date

Essential Question: What is the difference between a permutation and a combination?

Finding the Number of Combinations

A combination is a selection of objects from a group in which order is unimportant. For example, if 3 letters are
chosen from the group of letters A, B, C, and D, there are 4 different combinations.

ABC ABD ACD BCD

A restaurant has 8 different appetizers on the menu, as shown in the table. They also offer an appetizer sampler, which
contains any 3 of the appetizers served on a single plate. How many different appetizer samplers can be created? The
order in which the appetizers are selected does not matter.

Appetizers
Nachos ) Chicken Wings
Chicken Quesadilla Vegetarian Egg Rolls
Potato Skins Soft Pretzels
Beef Chili Guacamole Dip

Find the number appetizer samplers that are possible if the order of selection does matter.
This is the number of permutations of 8 objects taken 3 at a time.
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_ Find the number of different ways to select a particular group of appetizers. This is the /P\ = l (
o number of permutations of 3 objects,
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© To find the number of possible appetizer samplers if the order of selection does not matter,
divide the answer to part A by the answer to part B.

So the number of appetizer samplers that can be created is ——— =

Explain why the answer to Part A was divided by the answer to Part B.

2. On Mondays and Tuesdays,

_ the restaurant offers an appetizer sampler that contains any 4 of the appetizers
listed. How many

different appetizer samplers can be created?

3.

Finding a Probability Using Combinations

The r?-sults of the Explore can be generalized to give a formula for combinations. In the Explore, the number of
combinations of the 8 objects taken 3 at a time is

| 1
Biop P, o ABh B 8 o __ 8 1 8!

8—3)! " (3—3)! (8—=3) 3! (8—3) 31 38— 3)
This can be generalized as follows.

Combinations

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

. n!
e rl(n—r)!

;Enmprh 1 Find each probability. U\

@ There are 4 boys and 8 girls on the debate team. The coach réndomly chooses 3 of the
y students to participate in a competition. What is the probability that the coach chooses
all girls? ) ¥

The sample space S consists of combinations of 3 students taken from the
group of 12 students.

|
n(S) = lgC; = ‘—1&‘ = 220

319!

Event A consists of combinations of 3 girls taken from the set of 8 girls.
8!

n(A) = ;C; = —3'—5—' = 56

n(A) _ 56 _ 14

The probability .that the coach chooses all girls is P(A) = S =220 =55
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There are 52 cards in a standard deck, 13 in each of 4 suits: clubs, diamonds, hearts, and - A’ q’
spades. Five cards are randomly drawn from the deck. What is the probability that all five

cards are diamonds? C&_{\CAS

The sample space S consists ofcombmzmons of 5 cards drawn from 52 cards. o Ij"

ety ga =2598960 ©- F o o ‘
Event A consists of combmatnons of 5 cards drawn from the . 13 diamonds. o 5 6 mw

. 13:12-11:10-9 rACE
(4 '3 =267 4. 3-2- 2

The probability of randomly selecting __ cards that are diamonds is

na) |26+ 33
n(s) 25‘67@0 Llol4O -

P(A) =

‘ Ypur'mm ¢

4. A coin is tossed 4 times. What is the probability of getting exactly 3 heads?

n(s): 2_4:|LP

kol
n(A} 3\|\ '/gfd—l——Ad

A Eral)
P 0B

5. A standard deck of cards is divided in half, with the red cards (diamonds and hearts) separated from the
black cards (spades and clubs). Four cards-are randomly drawn from the red half. What is.the probability

they are all diamonds? ZLO 2(0 25 24' 25
n(9)* 2coc A DL

X 2L

ot

D PRSI
(W= ZFegs” 220
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Finding a Probability Using Combinations and
- Addition

Sometimes, counting problems involve the phrases “at jeast” or “at most.” For these problems,
combinations must be added.

For example, suppose a coin is flipped 3‘times. The coin could show heads 0, 1, 2, or 3 times,
To find the number of combinations with at least 2 heads, add the number of combinations
with 2 heads and the nqmber of combinations with 3 heads ( sC ;'+ sz)-

_Example2 Find each probability.

A coin is flipped 5 times. What is the probability that the result is heads at least 4 of the
5 times?

The number of outcomes in the sample space S can be found by using the Fundamental
Counting Principle since each flip can result in heads or tails.

n(8)=2.2.2.2.2=25=3

Let A be the event that the coin shows heads at least 4 times. This is the sum of 2 events,
the coin showing heads 4 times and the coin showing heads 5 times. Find the sum of the
combinations with 4 heads from 5 coins and with 5 heads from 5 coins.

g 51, 5 B \
”(A)—5C4+5C5—W+%|——5+1—6 .

nd) 6 _3
The probability that the coin shows at least 4 heads is P(A) = FEINE 2 6

Three number cubes number cubes are rolled and the result is recorded. What is the -
probability that at least 2 of the number cubes show 62

The number of outcomes in the sample spacé S can be found by using the Fundamental
Countmg Prmc1ple since each roll can result in1,2,3,4,5,0r6.

-6 =2

Let A be the event that at least 2 number cubes show 6. This is the sum of 2 events,

\
\Lﬁ\ﬂ_LO_, or mﬂ_gLL The event of getting,

-~
6 on 2 number cubes occurs Msmce there are _5_ possxbllmes for the other

number cube. ( \
i’ e, LS5 A, . ‘
1) =Bg G+ e~ 5" ’1‘+st‘ 15+ =

: AT e A
The probability of getting a 6 at least twice in 3 rolls is P(4) = n(4) l(ﬂ 2'

R T v N

Module 21 R 1110

Lesson 3

)

¥>015191INYS/uLeD Pepl3o * Auedwo) buiysiqnd 3nodieH Ul uoybnoH o



‘-Y"‘ll"lhm

6. A math department has a large database of true-false questions, half of which are l'ruc 2nd hal‘f ot‘ \;hlcht:lr:e
false, that are used to create future exams. A new test is created by randomly selecting 6 questions from the

database. What is the probability the new test contains at most 2 questions where the correct answer is “true”?

: { < "‘ . - {‘&‘__ / ML

v v ~ 1 {
‘ o [ [ - 1=3°)
L ol il G FENSS PRAES T RAPS L g Uit
Y .A* = , & + . / - el ¥ = ( ~ (
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Ns) QLY =D ) L=

7. There are equally many boys and girls in the senior class. If 5 seniors are randomly selected to form the
student council, what is the probability the council will contain at least 3 girls?

f\(’b) = S el

(o) 'Elaborate

8. Discussion A coin is flipped 5 times, and the result of heads or tails is recorded. To find the probability
. of getting tails at least once, the events of 1, 2, 3, 4, or 5 tails can be added together. Is there a faster way to
calculate this probability?

© Houghton Mifflin Harcourt Publishing Company

9.
. 10. Essential Question Check-In How do you determine whether choosing a group of objects involves
' combinations?
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: Homework and Practice

P

A he ’ « Online Homework
cat has a litter of 6 kittens. You plan to adopt 2 of the kittens. In how many ways » Hints and Help
an you choose 2 of the kittens from the litter? « ExtiaPractice

C . ! :VLO
b2 o s e DoAY

2. Anamusement park has 11 roller coasters. In how many ways can you choose 4 of the
roller coasters to ride during your visit to the park?

e bty B Eadl 500 53Dy s
STy T T ST ——Wcﬁ%} Cud

3. Four students from 30-member math club will be selected to organize a fundraiser.
How many groups of 4 students are possible? l

Z?I?T_L—a' = 24 405 9%11.(35

R s L
30 47 4'(z049

4. A school has 5 Spanish teachers and 4 French teachers. The school’s principal
randomly chooses 2 of the teachers to attend a conference. What is the probability =
that the principal chooses 2 Spanish teachers?

. 880 .
Stk «cqzv—% -
6' \

R (AQ .,2
e 2() BLP }5}

There are 6 fiction books and 8 nonfiction books on a reading list. Your teacher.
randomly assigns you 4 books to read over the summer. What is the probability that
you are assxgned all nonfiction bopks?

V.
0(5) |4. 4 4‘(\4——%\- \OOl

5.

Auedwod Buysiqnd 11nod1eH ulliW uoIybnoH o
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it. You
ility that you choose

f the alphabet written on

6,
. A 2 “er
h‘ “Ontains 26 tiles, each with a different 1€ ? the P‘°bab
i

chogge
the tu: tiles from the bag without looking: What is
with the letters A, B, and C?

n(S): C = 2(0@ -

200. %

n(M)z, ¢ = | _/P@ﬂ;?;_‘(ﬂ .

You are ; 3 haracters chosen
randomly assigned a assword consisting of 6 different € o)

om the digits 0 to 9 fnnd the!;éttérs AtoZ. Asa percent, what is the probabxl:;y‘ that

You are assigned a password consisting of only letters? Round your answer to the -

Nearest tenth of a percent.

n(s)= 2,G = \]‘M’-?ﬁql
A=, € =230,280

‘ = A_'Z?)oz = ,'
- o0, B0

uet of 6 flowers is made up by randomly choosing b
What is the probability the bouquet will have at mt

7.

etween roses and
ost 2 roses?

4L+ CO-':?.?.

o, 72 oL
AAJF:%)’.CM-' 22

ontains 10 pieces of fruit, chosen randomly from bins of apples and
the probability the bag contains at least 6 oranges?

C--i-‘oﬁc); 56(0

agoffruitc
g . What is
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10.
You flip a coin 10 times. W hat is the probability that you get at most 3 heads?

n(s) = 2'\°_ 1024
NAl= C.+ C.+ € + &g =

0o D 10 O \O

P(AN= nA)
(3 %@)w‘i%r w4

11, You flip a coin 8 times. What is the probability you will get at least 5 heads?
n(D)=28-250 i B
. ¥
n(A) CD'F&CG;-*-@ £ 88
PE:=n) . a3
T~ 290

12. qu ﬂis a coin 5 times. What is the probability that every result will be tails?
D)= 29298
N (A) =5 65 = | /P(Q ﬂ(ﬁb
| S 5?_

13. There are 12 balloons in a bag: 3 each of blue, green, red, and yellow.
Three balloons are chosen at random. Find the probability that all 3
balloons are green

n(9):= ,& 5 =220
AR 3G= |

r\(lﬂ 54
/qjﬂ Al 6) i 8 %

14. There are 6 female and 3 male kittens at an adoption center. Four
kittens are chosen at random. What is the probability that all 4

kittens are female? s l/l‘ (p
n(s)- G4~
=710

N (M; C‘A-
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Students in your class. The teacher wants to send 4 students to the

day. The teacher will choose the students to go to the library at
L ) fandopy,
¢ach day for the first four days from the list of students who have not

AUready
Y one. Answer each question.

15,
Whatis the probability you will be chosen to go on the first day?

Sk | ¢ - 5980 3

2l 4
n(A)- 25 140

PN- mA,_ n40 . %
r\(‘ nags 2|

16. If you have not yet been chosen to go on days 1-3, what is the probability you will be
chosen to go on thL fourth day?

N(B): o<, = 12

& n (A= @Ca’stp

= n(AD__ o TN
P ) = 12 9

17. Your teacher chooses 2 students at random to represent your homeroom. The
homeroom has a total of 30 students, including your best friend. What i is the
probability that you and your best friend are chosen?

A(5) = 2 4B
n(A) =9 z: |

=Q?;'? et
T)(M Nn(S VA-E')@
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get a snack for yourself

There are ananas in a frui sket. You
are 12 peaches and 8 bananas in a fruit baske ndom. Answer

and three of your friends by choosing four of the pieces of fruit at ra
each question.

18. What is the probability that all 4 are peaches?

N(s) = o G2 HBAE

r\(A): ’ZC 54‘45
PN .‘ N (: e ( 4%% gm\lﬁa’b
“ (o) 223 '

A(S) ,6C, = 4BAS
ﬂ(A)—'—' 8C’4- =30
P 0. 30 _ 14
(o) 4845 Al

20. There are 30 students in your class. Your science teacher will choose 5 students at
random to create a group to do a project. Find the probability that you and your 2
best friends in the science class will be chosen to be in the group.

PR 0. 5% Saeie =l
NS 7 42,900 400

21. On a television game show, 9 members of the studio audience are randomly selected
to be eligible contestants.

a. Six of the 9 eligible contestants are randomly chosen to play a game on the stage.
How many combinations of 6 players from the group of eligible contestants

are possible? G
%= &4

b. You and your two friends are part of the group of 9 eligible contestants. What is
the probability that all three of you are chosen to play the game on stage? Explain
how you found your answer.

n(3)=,5,- B ;_Q.@;ZQ 5 o
SVNE @Cb - 20 /D/A\ Ny 4 2l
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22. Determine whether you should use permutations or combinations to find the number
of possibilities in each of the following situations. Select the correct answer for each
lettered part.

a. Selecting a group of 5 people v

from a group of 8 people (O permutation (O combination
b. Finding the number of combinations F i

for a combination lock permutation (O combination
¢ Awarding first and second place ribbons " .

in a contest (O permutation (O combination
d. Choosing 3 books to read in any order

from a list of 7 books (O permutation combination

H.O.T. Focus on Higher Order Thinking

23. Communicate Mathematical Ideas Using the letters A, B, and C, explain the
difference between a permutation and a combination.

24. Draw Conclusions Calculate ,,C, and ,,C,.

a. What do you notice about these values? Explain why this makes sense.

b. Use your observations to help you state a generalization about combinations.
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