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Chapters 4 and 5Chapters 4 and 5

Review for Exam #2Review for Exam #2
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Fundamentals of Fundamentals of 
ProbabilityProbability

33
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Rule 1Rule 1
The relative frequency approach The relative frequency approach 

gives an gives an approximationapproximation of a of a 
probabilityprobability..

Rule 2Rule 2
The classical approach is the The classical approach is the actualactual

probability.probability.
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Rule 1 Rule 1 
Relative frequency approachRelative frequency approach

Throwing a die 100 times and getting 15 threesThrowing a die 100 times and getting 15 threes
P(3) = 0.150P(3) = 0.150

Rule 2 Rule 2 
Classical approachClassical approach
P(3 on a die) = 1/6 =  0.167P(3 on a die) = 1/6 =  0.167
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Probability LimitsProbability Limits

vv The probability of an impossible event is 0.The probability of an impossible event is 0.

vv The probability of an event that is certain The probability of an event that is certain 
to occur is 1.to occur is 1.

0 0 ≤≤ P(A) P(A) ≤≤ 11

ImpossibleImpossible
to occurto occur

CertainCertain
to occurto occur

vv A probability value must be a number A probability value must be a number 
between 0 and 1.between 0 and 1.
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The complement of event A, denoted The complement of event A, denoted 
by A, consists of all outcomes in by A, consists of all outcomes in 
which event A does which event A does notnot occuroccur..

P(A)P(A)

Complementary EventsComplementary Events

P(A)P(A)
(read (read ““not Anot A””))
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Rounding Off ProbabilitiesRounding Off Probabilities

vv give the give the exact exact fraction or decimalfraction or decimal
oror

vv round the final result to round the final result to 
three significantthree significant digitsdigits

P(struck by lightning last year) P(struck by lightning last year) ≈≈ 0.000001430.00000143

Examples:Examples:
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Compound EventCompound Event
Any event combining 2 or more eventsAny event combining 2 or more events

NotationNotation
P(A or B)  =  P (event A occurs P(A or B)  =  P (event A occurs oror event B     event B     

occurs occurs oror they both occur)they both occur)

DefinitionsDefinitions
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A = Green ballA = Green ball

B = Blue ballB = Blue ball

P(A or B) = P(A) + P(B) =      +      =P(A or B) = P(A) + P(B) =      +      =

Disjoint EventsDisjoint Events

44
88

11
88

55
88

}} disjointdisjoint
eventsevents
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7

10

2
10

4
10

5
10

Not Disjoint EventsNot Disjoint Events

P(A or B) = P(A) + P(B) P(A or B) = P(A) + P(B) -- P(A and B) =P(A and B) =
+                  +                  -- ==

0 62 4 8 6 7 8 9 6 8&

counted twice

0

7

6

8

42

9

5

1

3

Overlapping Overlapping 
eventsevents; some ; some 
counted twicecounted twice

A = Even numberA = Even number
B = Number B = Number greatergreater

thanthan 55
}}
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Find the probability of randomly selecting one person Find the probability of randomly selecting one person 
from this group and getting someone who was robbed or from this group and getting someone who was robbed or 
was assaulted.was assaulted.

P(robbed or assaulted) =   505  +  1426  =  1931 = 0.966P(robbed or assaulted) =   505  +  1426  =  1931 = 0.966
2000     2000      20002000     2000      2000

Contingency TableContingency Table

HomicideHomicide RobberyRobbery Assault    TotalsAssault    Totals

StrangerStranger 1212 379379 727          1118727          1118
AcquAcqu. or . or RelRel .. 3939 106106 642            787642            787

UnknownUnknown 1818 2020 57             9557             95
TotalsTotals 69             505              142669             505              1426 20002000

* Disjoint Events ** Disjoint Events *
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Find the probability of randomly selecting one person Find the probability of randomly selecting one person 
from this group and getting someone who wasfrom this group and getting someone who was robbed or robbed or 
was a stranger.was a stranger.

P(robbed or a stranger) =    505  + 1118  P(robbed or a stranger) =    505  + 1118  -- 379  =  1244 379  =  1244 
=  =  0.6220.622 2000     2000   2000     2000     2000   2000     20002000

Contingency TableContingency Table

HomicideHomicide RobberyRobbery Assault    TotalsAssault    Totals

StrangerStranger 1212 379379 727          1118727          1118
AcquAcqu. or . or RelRel .. 3939 106106 642            787642            787

UnknownUnknown 1818 2020 57             9557             95
TotalsTotals 69             505              142669             505              1426 20002000

* *  NOT Disjoint Events *** *  NOT Disjoint Events **
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PP((AA)) and Pand P((AA))
areare

disjoint eventsdisjoint events
All simple events are either in A or A.All simple events are either in A or A.

P(A) + P(A) = 1P(A) + P(A) = 1

Complementary EventsComplementary Events
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Finding the Probability of Finding the Probability of 
Two or MoreTwo or More SelectionsSelections

vv Multiple selectionsMultiple selections

vv Multiplication RuleMultiplication Rule
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DefinitionsDefinitions

Independent EventsIndependent Events
Two events A and B are independent if the Two events A and B are independent if the 
occurrence of one does not affect the occurrence of one does not affect the 
probability of the occurrence of the other.probability of the occurrence of the other.

Dependent EventsDependent Events
If A and B are not independent, they are said to If A and B are not independent, they are said to 
be dependent.be dependent.
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• P(Ace on first card) = 

• P(King  Ace) =   

• P(drawing Ace, then a King) =        • =  

Find the probability of drawing two cards Find the probability of drawing two cards 
from a shuffled deck of cards such that the from a shuffled deck of cards such that the 
first is an Ace and the second is a King.  (The first is an Ace and the second is a King.  (The 
cards are drawn cards are drawn without replacementwithout replacement.) .) 

DEPENDENT EVENTSDEPENDENT EVENTS

4
51

4
52

4

51

16

2652

0.00603= 

4
52
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Independent EventsIndependent Events

••Two selectionsTwo selections
••WithWith replacementreplacement

P (both good) =P (both good) =

G

G

G

G
D

P (good P (good andand good) =good) =

16
25

4
5

4
5 =          = 0.64
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Example: On a TV program it was reported that there On a TV program it was reported that there 
is a 60% success rate for those who try to stop smoking is a 60% success rate for those who try to stop smoking 
through hypnosis.  Find the probability that for 8 randomly through hypnosis.  Find the probability that for 8 randomly 
selected smokers who undergo hypnosis, they all selected smokers who undergo hypnosis, they all 
successfully quit smoking.successfully quit smoking.

P(all 8 quit smoking) = P(all 8 quit smoking) = 
P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) P(quit) = = 

(0.60) (0.60) •• (0.60) (0.60) •• (0.60) (0.60) •• (0.60) (0.60) •• (0.60) (0.60) •• (0.60) (0.60) •• (0.60) (0.60) •• (0.60)  (0.60)  

oror

0.60 0.60 = = 0.01680.0168
88
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Small Samples Small Samples 
from from 

Large PopulationsLarge Populations

If small sample is drawn from large If small sample is drawn from large 
population (ifpopulation (if n n ≤≤ 5% of N), you can treat 5% of N), you can treat 
the events as independent.the events as independent.
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IndependenceIndependence

You must treat a problem as independent You must treat a problem as independent 
when:when:

vv you do not have the sample or population   you do not have the sample or population   
size, and size, and 

vv you have only a percentage (probability)    you have only a percentage (probability)    
of the individual characteristicof the individual characteristic
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Probability DistributionProbability Distribution
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x
(# of correct)

P(x)

0
1
2
3
4
5

.05

.10

.25

.40

.15

.05

P(x)

0.5

0.4

0.3

0.2

0.1

0.0
0 1 2 3 4 5

# of correct answers

Probability HistogramProbability Histogram

.05 .05
.1

.25

.40

.15

Probability DistributionProbability Distribution
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Requirements for Requirements for 
Probability DistributionProbability Distribution

PP((xx)) = 1 = 1 
where where xx assumes all possible valuesassumes all possible values

0 0 ≤≤ PP((xx)) ≤≤ 1 1 
for every value of for every value of xx

ΣΣ
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MeanMean
µµ == ΣΣ xx •• PP((xx))

VarianceVariance
σσ22 == ΣΣ [[((x x -- µµ))22

•• PP(x(x)])]
VarianceVariance

σσ22 == [[ΣΣ xx22
•• PP((xx)] )] -- µµ 22 (shortcut)(shortcut)

Standard DeviationStandard Deviation
σσ == [[ΣΣ x x 22 •• PP((xx)] )] -- µµ 22

Mean, Variance and Standard Mean, Variance and Standard 
Deviation of a Probability Deviation of a Probability 

DistributionDistribution
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x P(x)

0
1
2
3
4
5

.05

.10

.25

.40

.15

.05

µ = 2.7

σ = 1.2

σ = 1.3

Mean, Standard DeviationMean, Standard Deviation
and Variance of Probabilityand Variance of Probability

DistributionDistribution

2
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E = E = ΣΣ [x [x •• P(x)]P(x)]

Event

Win 

Lose

x

$499

- $1

P(x)

0.001

0.999

x • P(x)

0.499

-0.999

E = -$.50
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Binomial ExperimentBinomial Experiment

DefinitionDefinition

1.1. The procedure must have a The procedure must have a fixed number of trialsfixed number of trials..

2.2. The trials must be The trials must be independentindependent.  .  (The outcome of (The outcome of 
any individual trial doesnany individual trial doesn’’t affect the probabilities t affect the probabilities 
in the other trials.)in the other trials.)

3.3. Each trial must have all outcomes classified into Each trial must have all outcomes classified into 
two categoriestwo categories..

4.4. The probabilities must remain The probabilities must remain constantconstant for each for each 
trial.trial.
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0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

0.206
0.343
0.267
0.129
0.043
0.010
0.002
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+

P(x)n     x

15

Table ATable A--11
For For nn = 15 and   = 15 and   pp = 0.10= 0.10
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0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

0.206
0.343
0.267
0.129
0.043
0.010
0.002
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+

P(x)n     x

15

Table ATable A--11
For For nn = 15 and   = 15 and   pp = 0.10= 0.10
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0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

0.206
0.343
0.267
0.129
0.043
0.010
0.002
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+
0.0+

P(x)n     x

15 0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

0.206
0.343
0.267
0.129
0.043
0.010
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

P(x)x

Table ATable A--11 Binomial Probability DistributionBinomial Probability Distribution

For For nn = 15 and   = 15 and   pp = 0.10= 0.10
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Example:Example: US Air has 20% of all domestic flights and US Air has 20% of all domestic flights and 
one year had 4 of 7 consecutive major air crashes in the one year had 4 of 7 consecutive major air crashes in the 
United States.   Assuming that airline crashes are United States.   Assuming that airline crashes are 
independent and random events, find the probability that independent and random events, find the probability that 
when seven airliners crash, when seven airliners crash, at least fourat least four of them are from of them are from 
US Air. US Air. 

According to the definition, this is a binomial experiment.According to the definition, this is a binomial experiment.

n = 7 
p = 0.20

q = 0.80
x = x = 4, 5, 6, 74, 5, 6, 7

Table ATable A--1 can be used.1 can be used.

P(4,5,6,7) = 0.029 + 0.004 + 0  + 0  = 0.033P(4,5,6,7) = 0.029 + 0.004 + 0  + 0  = 0.033
++
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((n n -- x x ))! ! xx! ! P(x) =             P(x) =             •• ppxx •• qqnn--xxnn !!

Binomial Probability Binomial Probability 
FormulaFormula
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P(x) =             P(x) =             •• ppxx •• qqnn--xx

Number of Number of 
outcomes with outcomes with 

exactly exactly xx
successes successes 

among among nn trialstrials

Probability of Probability of xx
successes successes 

among among nn trials trials 
for any one for any one 

particular orderparticular order

Binomial Probability Binomial Probability 
FormulaFormula

nnCCrr
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Example:Example: Find the probability of getting Find the probability of getting 
exactly 3 leftexactly 3 left--handed students in a class of 20 if handed students in a class of 20 if 
10% of us are left10% of us are left--handed.handed.

This is a binomial experiment where: This is a binomial experiment where: 

n = 20n = 20

x = 3x = 3
p = .10p = .10

q = .90q = .90

Table ATable A--1 1 cannotcannot be used; therefore, we must use be used; therefore, we must use 
the binomial formula.the binomial formula.

P(3) =   20!   P(3) =   20!   •• 0.1 0.1 •• 0.9   = 0.1900.9   = 0.190
17! 3!17! 3!

33 1717
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Example:Example: Find the probability of getting Find the probability of getting 
exactly 3 leftexactly 3 left--handed students in a class of 20 if handed students in a class of 20 if 
10% of us are left10% of us are left--handed.handed.

This is a binomial experiment where: This is a binomial experiment where: 

n = 20n = 20

x = 3x = 3
p = .10p = .10

q = .90q = .90

Table ATable A--1 1 cannotcannot be used; therefore, we must use be used; therefore, we must use 
the binomial formula.the binomial formula.

P(3) =  P(3) =  2020CC33 •• 0.1 0.1 •• 0.9   = 0.1900.9   = 0.190
33 1717
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StandardStandard σ σ =    n =    n •• p p •• qq

For a For a BinomialBinomial Distribution:Distribution:

MeanMean µµ = n = n •• pp

VarianceVariance σ σ 22  = n = n •• p p •• qq

DeviationDeviation
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Example:Example: US Air has 20% of all domestic US Air has 20% of all domestic 
flights.  What is considered the flights.  What is considered the ‘‘unusualunusual’’ number number 
of US Air crashes out of seven randomly selected of US Air crashes out of seven randomly selected 
crashes?crashes?

We previously found for this binomial distribution,We previously found for this binomial distribution,

µµ = 1.4 crashes= 1.4 crashes

σ σ = 1.1 crashes= 1.1 crashes

µµ -- 22 σσ = 1.4 = 1.4 -- 2(1.1) = 2(1.1) = -- 0.8 (or 0)0.8 (or 0)
µµ + + 22 σσ = 1.4 + 2(1.1) = 3.6= 1.4 + 2(1.1) = 3.6

The The usualusual number of US Air crashes out of seven randomly number of US Air crashes out of seven randomly 
selected crashes should be between selected crashes should be between --0.8 (or 0) and 3.6.0.8 (or 0) and 3.6.

Four crashes would be Four crashes would be unusualunusual !!
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