7.2: Definition of Probability

The probability of an event £ happening is the number of ways that specific event can happen

divided by the number of possible outcomes in the whole experiment:

n(F
P =2 ogpEdcl

EXAMPLE 1. An experiment consists of tossing a fair coin one time and observing if it lands

heads or tails. Find the probability of tossing a head and the probability of tossing a tail.
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The probability of an event is a number that is between (0 and 1, inclusive. The larger the num-

ber, the more likely the event will occur. P Cz\ - nl2 ) _ ©
0 <PCE) =)\ n(sy W
Pls) = 2=
DEFINITION 2. A sample space where every outcome has the same probability (chance of hap-

= 0

pening) s called a uniform sample space and P(any individual outcome) = _L(__.\
DEFINITION 3. An empirical probability distribution is a chart that shows the probability

of every single outcome (simple event) in the sample space.

Outcome 5 } b2 1 (-53 [ "571 1

Probability | P(¢1} [ P(g2) | Plash| .- | Plahy] =4

Note that P(s1) + P(s2) + P(s3) + -+ + P(s,) = 1.
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C-sided
EXAMPLE 4. An experiment consists of rolling ¢ fair) die one time and observing the number

landing uppermost. Determine the sample space, simple events, and find the probability distribution

for this experiment.

Sample space: S:{\i 2\2'4,‘;‘? éj , n(S):G

Simple events: E'.{‘I-s\ {1}, {3.1) 1\4‘}) 1\5}) %é}

Probability distribution:
robability distribution n CE) B L

P(e)': _;‘—("ST - Q
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EXAMPLE 5. A group of people living with their children under the age of 18 was asked how

put Lo

many days per week they cook al home. The resulls of the survey are summarized below. Delermine

the (empirical) probability distribution associated with this survey.

Owkem L o o 11213141 5] 6] 7

?“’Q‘Qﬂq # Respondents | 25% 309 457 F100% 854 85 iiog
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Probability=relative frequency=outcome frequency/total #

o | A | D 4 | 5 |6 7

35S |20 |45 |15 | s5 | 100 | 85 |8

Relative frequency= SO | 500 pre S0 ET_E— svV | SVO | g0

probability

Outcome, # days

=
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FINDING THE PROBABILITY OF AN EVENT
1. Determine a sample space S associated with the experiment.= ouALomes

‘wo@ Aisin bunov -

2. Assign probabilities to the simple events of S. =

3. If B ={s1,59,...,8,} where {s1},{sa},...,{sn} are simple events then

[P(E-) =P({s1})+P({s2})+... + P({sn}).j

Qo

If F is the empty set, 0, then P(E) = 0.

EXAMPLE 6. The number of grades for a group of Math 141 students are shown wn the table:

Grade A | B| ¢ | D| F| S=4A8,c0F oukome |~ | B\ DlE
Frequency | 30 | 46| 10| 3 | 9 =48 RAobvalbitidy s (78 [y (3w [

If a student from this group is selected at random, what is the probability that the student

made

(a) an A? P (‘ N’S)
(b) an A ar a B? P(I\A\)B})"P{{A B}) P(‘“\’() t "P({B‘ID —_—— +q,é-_7q_‘_g

15
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EXAMPLE 7. Let S = {sy,59,53,354.55} be the sample space associated with an experiment

having the following probability distribution:
nok  Simee
——

—_— —
Let A = {s1,59,85},B = {s9,54,55},C = S. Compute:

Outcome | 51 | so | 89 | 84 | 85

z L =2 | 7 ] 1] 1]|_
Probability | &z | |5 | 5 | 5 |= 4
R
(a) P(C)=1 (b) P(0) = O

(8) P(ANDB) 5
A HB: ‘{51)353
1*%3*7'?"'(‘5' = | g

s

(h) P(AUB) =" — 41— P iD= 1= 75
= 5 - c
AUB =15, %, S, Ssf = 4s,]
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JXAMPLE 8. A pair of fair dice are rolled one time. Sample space for this experiment is below.

| 2L 2 4 e X =

SN 1) (1,2) (1,3) (1,4) _455) (1,6)
2|1(21) (2.2) (2,3) (2%) (25) (2.6)
1|(3,1) (3,2) (3%) (34) (3.5) (3,6)
a|(h1) 42 (4.3) (44) (4.5)  (4.6)
S{(32) (5.2) (53) (54) (5.5) (56)
c|(6,1) (6.2) (6.3) (64) (65) (6.6)}
n(s)=3¢ g

=t

(a) Calculate the probabiligy that the(two dice show the same m

pCe)= L

ce)
%)
(b) Calculate the pmba%ifit

P(F) = pSEl

&

—

- — =

26 —
y that the sum of the two die 1s 6]= F

)

(¢) Give the probability distribution for the sum of the die. owicomo.
Outcome 213514 5|6 |73 |7 dsn |l
Sreeeney | 4| 4 156|543 2]

Probability ﬁ —3&6 :;3& % % 3/% % ;152 '32’ —2% :—;2—

(d) Calculate the probability that the sum of the two die is a multiple of 5.

P({S,lcﬂ = F(’i‘Sﬂ + p(io}) = ?{ + ;é -_—-,i ‘

3L
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n($)=s2
EXAMPLE 9. If a card is drawn at random from a standard 52-card deck, what is the probability

that the card drawn is
(a) a dmmond{ )_ n (‘O}) D
n(s)

(b) a red card p({g'}) = EZSGT"’ <

h ‘4 kﬂ _a [
(¢) a king P(‘lk.5> T gL l}
EXAMPLE 10. A ball is selected at random from an urn containing 3 yellow, 4 red, and 5 green
balls. What is the probability that: QOutome. | Y R G
(a) the ball is green? __—‘"'i:tL":Ul 2 :‘ g = \x
c P 15 | =l 3
p(§ G}\’ X
| (GUR\=PGG|R§\=P(®+P(@=
(b) the ball is green or red? P
=4 5 _ 7 _3
~ Tm~=7277

P(“"'r?‘e‘.‘) = P( @)1 O

(c) the ball is purple?

= S —
(c) the ball is yellow, green or red? P ( XOG L R) P ( )
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