Name . Class Date

® 21.1 Probability and Set Theory.

Essential Question: How are sets and their relationships used to calculate probabilities?

Working with Sets

A set is a collection of distinct objects. Each object in a set is called an element of the set. A set

is often denoted by writing the elements in braces. ¢
The set with no elements is the empty set, denoted by @ or { }. 5

¥* pme 45
The set of all elements under consideration is the universal set, denoted by U. OxL nu.(thf‘s

Identifying the number of elements in a set is important for calculating probz.xbilities. who ol

@ Use set notation to identify each set described in the table and identify the number of A | *
elements in each set.

Number of
Set Notation Elements in

the Set

Set A is the set of prime A={2, 3,9 17} *’ RbAY i O_q M-

numbers less than 10.

SetBisthe;etofevennatural B___{‘z' 4:1 (_é 8} n(B) = 4_ -“\ u SC\"”

numbers less than 10.

z T

Q

£

8

g

5 Set Cis the set of natural ] A 25
3 numbers less than 10 that are Cl= {4: 8 } n(C) = 2
§ multiples of 4.

;

=

3

2 The universal set is all natural ( 3 )
£ — L 1]

:E; numbers less than 10. - ‘, 1'.3."'\’. 5|Q7.:‘;8“i.l n' u = 9
(]
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The following table identifies terms used to describe relationships among sets. Use sets A, B,
C, and U from the previous table. You will supply the missing Venn diagrams in the Example
column, including the referenced elements of the sets, as you complete steps B-1 following,

Notation Venn Diagram Example

Set Cis a subset of ) U
set Bif every element .
| of Cis also an element 15 &N
 of B.
'r—~ S of - ~
ANB U h
The intersection of sets +
A and B is the set of all ‘| 2 h x5 ::“ - :
elements that are in @m

both A and B.
AN Bis the double-shaded region.

The union of sets A AUB

U
and Bis the set of all "
elements that are in unon - o
AorB.

A U Bis the entire shaded region.

The complement of

set A is the set of all
elements in the universal
set U that are notin A.

Acis the shaded region..

@ Since C is a subset of B, every element of set C, which consists of the
humbers_“¥ and £, is located not only in oval C, but also within oval B
.Set B includes the elements of C as well as the additional elements _z-and Q,
whxch are located in oval B outside of oval C. The universal set includes the
elements of sets B and C as well as the additional elements
and _ "1, which are located in region U outside of ovals B and C.

In the first row of the table, draw the corresponding Venn diagram that includes the
elements of B, C, and U.

To determine the intersection of A and B, first define the elements of set A and set B
separately, then identify all the elements found in both sets A and B.

-2 3EIE
={ 24! 6,55:}
AﬁB:{Z}
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@ In the second row of the table, draw the Venn diagram for A N B that includes the elements
of A, B, and U and the double-shaded intersection region.

@ To determine the union of sets A and B, identify all the elements found in either set A or set B
by combining all the elements of the two sets into the union set.

.‘\UB={Z_‘5‘4-‘ 'j?(p+5}

@ In the third row of the table, draw the Venn diagram for A U B that includes the elements of
A, B, and U and the shaded union region.

@ To determine the complement of set A, first identify the elements of set A and universal
set U separately, then identify all the elements in the universal set that are not in set A.

={2.2.53]
o=[\ 2304 /5103 8/4]

s WNAICY

@ In the fourth row of the table, draw the Venn diagram for A° that includes the elements
of A and U and the shaded region that represents the complement of A.

1. Draw Conclusions Do sets always have an intersection that is not the empty set? Provide an
example to support your conclusion.

Calculating Theoretical Probabilities

A probability experiment is an activity involving chance. Each repetition of the experiment
is called a trial and each possible result of the experiment is termed an outcome. A set of
outcomes is known as an event, and the set of all possible outcomes is called the sample space.

Probability measures how likely an event is to occur. An event that is impossible has a
probability of 0, while an event that is certain has a probability of 1. All other events have a
probability between 0 and 1. When all the outcomes of a probability experiment are equally
likely, the theoretical probability of an event A in the sample space Sis given by

number of outcomes in the event  _ n(4)
number of outcomes in the sample space  (S)

P(A) =

Module 21




Bamplel  Calculate P(A), P(A U B), P(A N B), and P(A°) for each situation.

@ You roll a number cube. Event A is rolling a prime number
Event B is rolling an even number

Y | .
3= il‘ 2,3, 4,5, h?, sonlSl=6.A= {.Z. 3. S}, sonlA) = 3.

{4
So, PlA) = '—’~‘v} = } - _l_
niS) 6 2 :
(AUB) s
AUB= {l, 3, 4, 5,6}. sonlA U RB) =5. SO.P(AUB)=L+‘=3
n(S) 6
| (ANB
-4ﬂB={2}.son(AﬁB)= 1,su,p(,\ng)=f'_~_____)=l‘
n(S) 6
(A9) 3
At = {l, 4, 6}, so n(A€) = 3. So, P(A°) = " L= =
n(s) 6 2

0 Your grocery basket contains one bag of each of the following items:
oranges, green apples, green grapes, green broccoli, white cauliflower,
orange carrots, and green spinach. You are getting ready to transfer
your items from your cart to the conveyer belt for check-out.

Event A is picking a bag containing a vegetable first. Event B is pick'ing
a bag containing a green food first. All bags have an equal chance of
being picked first.

S$= {orange, apple, grape, broccoli, cauliflower, carrot, spinach}, son(S) = q— ;

A= {broccoli. cauliflower, Cﬂm ﬁg\ﬂaﬁb} son(A) = 4_ . So PA) = "(LA ) o i
| 1s) =
AUB= {broccoli. C&AYLQ:LKM W ﬂm.lc_ grape}, son(AUB) =
nlAlLB L
n(S ) 3
AnB:{th.qiﬂﬂh}, on(AnB) =2

P(AUB)=

nla] - 3

P(ANB) =
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2. Discussi : '
Discussion In Example 1B, which is greater, P(A U B) or P(A N B)? Do you think this result is true
@ peneral? Explain 4

The numbers 1 through 30 are written on slips of paper that are then placed in a hat.
Students draw a slip to determine the order in which they will give an oral report.

Evenf A is being one of the first 10 students to give their report. Event B is picking a
multiple of 6. If you pick first, calculate each of the indicated probabilities.

3. P(A) n‘A “ ) __L—

n(3 "~ 30 9 n(AUGD
a. PHUB)él 25+5Gq~8q 10,12, l8 2.4'301 l’\(ﬁ\

b Sl ab). L
.+ Kany ANB= g(‘g -—‘CAF\'ZZ)- 30 L}; mMeans

6. Pac % 2 Ve s«
" )AC.' guléo—i nrQ;); 2‘3% 5 't‘(:fth*

Using the Complement of an Event

You may have noticed in the previous examples that the probability of an event occurring and
the probability of the event not occurring (i.e., the probability of the complement of the event)
have a sum of 1. This relationship can be useful when it is more convenient to calculate the
probability of the complement of an event than it is to calculate the probability of the event.

Probabilities of an Event and Its Complement

The sum of the probability of an event and the

P(A) +PA) =1 probability of its complement is 1. ’ USC '
§ -\ < - . The probability of an eventis 1 minus the m
P(A,) =1—PA) probability of its complement. s 2

The probability of the complement of an event
P(A9) =1—P(A) is 1 minus the probability of the event.
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m Use the complement to calculate the indicated probabilities.

‘ You roll a blue number cube and a white number cube at the
same time. What is the probability that you do not roll doubles?

Step 1 Define the events. Let A be that .v;ou do not roll
doubles and A* that you do roll doubles.

Step 2 Make a diagram. A two-way table is one helpful
way to identify all the possible outcomes in the
sample space.

White Number Cube

“;!:u slwleol—

Step 3 Determine P(A°). Since there are fewer outcomes for rolling doubles, it is more
convenient to determine the probability of rolling doubles, which is (A’ I. To determine
n(A), draw a loop around the outcomes in the table that correspond to A* and then

calculate P(A).
A 6 1
P( o "— = —— —
"(s) 36 6

Step 4 Determine P(A). Use the relationship between the probability of an'event and its
complement to determine P(A).

PA)=1-PA)=1=

-
o|wn

So, the probability of not rolling doubles is -:-.

. One pile of cards contains the numbers 2 through 6 in red hearts. A second pile of cards
contains the numbers 4 through 8 in black spades. Each pile of cards has been randomly
shuffled. If one card from each pile is chosen at the same time, what is the probability that
the sum will be less than 12? ' )

Step 1 Define the events. Let A be the event that the sum is less than 12 and A° be the
event that less Han L

Step 2 Make a diagram. Complete the table to show all the
outcomes in the sample space.

Step 3 Determine P(A°). Circle the outcomes in the table that
correspond to A, then determine P(A°).

n(l\c) b :

P(A9) = —

n'(s ) —25
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Step 4 Determine P(A). Use the relationship between the probability of an event and its

complement to determine P{A°).

KAl = = \ G, -— —_— R
| -PA = 5
29 19 court™g
So, the probability that the sum of the twa cards is Icﬁf)‘ﬂﬂh is §
2 29

7. Describe a different way to calculate the probability that the sum of the two cards will be less than 12.

Pecln A1 141

One bag of marbles contains two red, one yellow, oné green, and one blue marble.
Another bag contains one marble of each of the same four colors. One marble from
each bag is chosen at the same time. Use the complement to calculate the indicated

probabilities. 3
Probabdm ot sel tmg two different colors A 'S Scu fﬁ“"\c QQ‘OA"(?'E) (e

' GHESTETRY 2% o302
Acpg;;';;;,"g‘g"%:;““‘“g(i;ﬁ“:gb'ﬁ (4 @«j &) (3@) (@DRHGDIEY)
QEoe " 270 I/_S:

10. Can a subset of A contain elements of A°? Why or'why not?

11. Forany set A, “hat@f\ NOeq g’ What does A U'D equal’ Explam t N )

Essential Question Check-In How do the terms set, element, and universal set correlate to the terms
used to calculate theoretical probability?

12,
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@ Evaluate: Homework and Practice

» = vl
sTrainer o~
« Online Homework -
Set A is the set of factors of 12, set B is the set of even natural < Hints 36 Hale

numbers less than 13, set € is the set of odd natural numbers less than + Extra Practice
13, and set D is the set of even natural numbers less than 7. The universal
set for these questions is the set of natural numbers less than 13,

SaA={123,4.612B={24681012),

C :-{n,t.s. ,9\11} D= { u:}.md

U= 1" 2,3,4.5,6,7,8,9,10,11, ll}, Answer each question.

1. Is D C A? Explain why or why not 2. Is B C A? Explain why or why not. \ A |

u.(:a.UOC dﬂ'ﬂll { OO T "u.ix LS G LT
ﬁﬁ X MH , 38
"D(ga,(.aoan ON€ elerment OF © Qu{ d

&‘C’lﬂﬁt&FA NOt G elenment Ot s Ck

3. gha\;‘:é/‘z).;%ygt&m A wm:;.}r:é:?})

= V)
5. WhatisAURB? Common. 6, WhatisAUC? - u,nlon NEANS
El02|%1 4')(018,‘01‘2% 21‘2'3' Lp:\‘q“ \13 :gtn
7. Whatis A“? 8. Whatis B‘?

| AR e

293 9,10,u¢ Elasq\q i3 *cm\gcmcﬂ‘t

You have a set of 10 cards numbered 1 to 10. You choose a card

at random. Event A is choosing a number less than 7. Event B is \n

choosing an odd number. Calculate the probability. &t —Eﬂ.&t
9. PA) * 10. P(B)

A:f\25+5toi Ty 61,3544 3

” 5 =1
PA-0- -2 mmv?@ —Q((g%:‘('o' )
11. P(AUB) 12. P(ANB)
$1,23456,3793 §1,508
. & —- '
07 9

13. P(A°) u. bl ‘ %

AC-'- gq‘l8|q)‘o—s 'I—% . % 2{ 4_‘({./'6) '@}
.—4-'- = ?_"_. i _[’/';,’ _li 5
e e 1D ke
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Use the complement of the event to find the probability.

‘ 15. You roll a 6-sided number cube. What is the probability that you do not roll a 2?
?(23:.__. I-L -5 dice hao [~ Lpnumba’s
(o b on .

4 . N ‘l»
16. You choose a card at random from a standard deck of cards. What “‘-
1s the probability that you do not choose a red King?

red king z_; t‘ﬁ

4P |.-HA 3

2"3 Y ot daawoing ¥ coxds have '
b 505 - | of (D
TP TP Red King -4 sets©

17. You spin the spinner shown. The spinner is divided into 12 equal sectors. Caf‘d 5 each a
What is the probability of not spinning a 2? - 2_ oxe =

are olack

- g0 Seg
N’ |-pla)s 1oL = 1L &Jalxﬁz Bace.
2 12 - eqcn sel A
AR’ R

18. A bag contains 2 red, 5 blue, and 3 green balls. A ball is chosen at random.
What is the probability of not choosmg a red ball? 4

-7 \\" | \ &
Plredball) s 22 & | Plrad)= 1 22

19. Cards numbered 1-12 are placed in a bag. A card is chosen at random. What is the

probability of not choosmg a iumber less than 5? . 63 \ & _l__ 2
”?(\cﬁ@\:hané = _% P lesothan 33

20. Slips of paper numbered 1-20 are folded and placed into a hat, and then a slip of
paper is drawn at random. What is the probability the slip drawn has a number which
is not a multiple of 4 or 5?

Multiole of 4 £48 11,203
Mu)hfkd?é £ 5, \E) 1%,20%

’P(\\/\u\‘hp\c Aoc D) means Unien'

B meps
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21. You are going to roll two number cubes, a white namber cube and a red
nuniber cube, and find the sum of the two numbers that come up.

a. What 15 the probability that the sum will be 67

b. What is the probability that the sum will not be 62

22. You have cards with the letters A, B,C, D, E,E G, H, L, ], K, L, M, N, O, P. Event U is
choosing the cards A, B, C or D. Event V is choosing a vowel. Event W is choosing a
letter in the word "APPLE”. Find P(UN VN W).

Iu ‘ota ) : :
vOW) = 1.
A o3 iy cne D uNvNL) e

A standard ‘deck of cards has 13 cards (2, 3,4, 5, 6,7, 8,9, 10, _pr\ ained on
jack, queen, king, ace) in each of 4 suits (hearts, clubs, diamonds,
spades). The hearts and diamonds cards are red. The clubs and c’\’b"f pa%

spades cards are black. Answer each question. £

23. You choose a card from a standard deck of cards at random. What is the probability
that you do not choose an ace? Explain.

LU
P(ACE) = _&. _\L P (ot ACE) L= 5

24. You choose a card from a standard deck of cards at random. What is the probability
that you do not choose a club? Explam

PleuD)= 12 L 1 Plrot Qluo): -

Hos

25. You choose a card from a standard deck of cards at random. Event A is choosing a
red card. Event B is choosing an even number. Event C is Lhoosmg a black card. Find
P(A N BN C). Explain. - :

o Coun néverr ¢ YD, O oy shegek i\
Yo O red and Ddagk

)\; A "‘\. H) ;A\{’:',} — (

[I-Bungo :sypas) abew « Auedwo) Bujysiqngd LNodIeH UllIW UOIYBNOH &

SIqIOD/WIy
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26. Yoy are

selecting a card at random from a standard deck of cards. Match each event

‘ :ivl‘l(chlnm:r:::r::::ru.bdhihl.\. ln‘dx-..nc a match by writing the letter of the event an the
¢ corresponding probability.
A. Picking a card thar is both red and a heart ’B ?lw
B. Pid’\mg a card that is both a heart and an ace. A %
C. Picking a card that is not both a heart and an ace. C' 1]

w
o

éﬁd,hcm‘t)z_l_bz__\_
52 v
(et Nace) = 1
|- freart N ace) l';—g—j_?%%,

H.Q.T. Focus on Higher Order Thinking

27. Critique Reasoning A bag contains white tiles, black tiles, and gray tiles. Someone
is gomg to choose a tile at random. P(W), the probability of choosing a wlutc tile,
IS <. A student claims that the probablhty of choosing a black tile, P(B), is £ ! since

PB)_ 1—P(W)=1- ;=43 Doyou agree’ Explain.
. ( msl“@\ —t\\c lo*t\ﬁﬁ complennent
choostng o white fike.

Communicate Mathematical Ideas A bag contains 5 red marbles and 10 blue
marbles. You are going to choose a marble at random. Event A is choosing a red
marble. Event B is LhUOslng a blue marble. What is P(A N B)? Explain.

ANB=0 H‘OYU[/Oanmtb.U.:vﬂnredczrd
blue 1n-Huis scendrio (\

Critical Thinking Jeffery states that for a n.:mplc space § where all uulumw are
equally likely, 0 < P(A) < 1 for any subset A of §, Create an argument that will Justify
his statement or a(nw a “’“’"crcumplc

2,'
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