Statistics 510: Notes 1
Reading: Sections 2.1-2.2.
I.  Introduction
A phenomenon is random if individual outcomes of the phenomenon are uncertain but there is nonetheless a regular distribution of outcomes in a large number of repetitions.  

Probability theory is a mathematical model for random phenomenona.
Examples of applications of probability theory:

· Games of chance, e.g., tossing a coin, poker, blackjack

· Marketing: product sales forecasting.

· Genetics: models for mutations, inheritance.
· Operations research: demands on inventories of goods.

· Actuarial science: model for years lived.
· Engineering: study of complex systems to improve their reliability such as aircraft.

II.  Sample Space and Events
Four key words for describing random phenomenona: experiment, sample outcome, sample space and event.

Experiment: Any procedure that (1) can be repeated, theoretically, an infinite number of times; and (2) has a well-defined set of possible outcomes.   

Probability theory focuses on experiments whose outcome is not predictable with certainty (random experiments).
Examples: 
· Roll a pair of dice

· Measure a person’s blood pressure

· Observe the sex of a newborn child

· Observe the number of hurricanes in a year.
Outcome: Possible outcome of an experiment.  

Sample space:  Set of all possible outcomes of an experiment.  Denoted by S.
Event: Any subset of the sample space.  An event is said to occur if the outcome of the experiment is one of the members of the event.

Example 1: Experiment is the determination of the sex of a newborn child.  Then
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where the outcome 
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means that the child is a girl and 
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means the child is a boy.

Example 2: Consider the experiment of flipping a coin three times.  What is the sample space?  Which sample outcomes make up the event A: Majority of coins show heads?

Example 3: Consider the experiment of tossing a coin until the first tail appears.  What is the sample space of the experiment?

Relations between events
Two types of combinations of events are useful.  Let 
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be any two events defined over the sample space 
[image: image6.wmf]S

.  

Intersection:  The intersection of 
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, written 
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, is the event whose outcomes belong to both 
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 (Note: Ross also denotes 
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Union:  The union of 
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and 
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, written 
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, is the event whose outcomes belong to either 
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 or 
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or both.

Example 4: A single card is drawn from a deck of 52 cards.  Let 
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be the event that an ace is selected.  
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ace of hearts, ace of diamonds, ace of clubs, ace of spaces}

Let 
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be the event “Heart is drawn.”
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{2 of hearts, 3 of hearts, ..., ace of hearts}

What is 
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We also define unions and intersections of more than two events in a similar manner.  If 
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are events, the union of these events, denoted by 
[image: image26.wmf]1

N

n

n

E

=

U

, is defined to be that event which consists of all outcomes that are in 
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for at least one 
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.  Similarly, the intersection of the events 
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, denoted by 
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, is defined to be the event consisting of those outcomes that are in all of the events 
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Mutually exclusive events: Two events 
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and 
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are said to be mutually exclusive if they have no outcomes in common – that is, 
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, where 
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denotes the empty set.

Example 4 continued: Let 
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denote the event “Club is drawn.”  

Events 
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and 
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are mutually exclusive.

Complement:  The complement of an event 
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, written 
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, is the event consisting of all the outcomes in the sample space 
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other than those contained in 
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Example 4 continued: 
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={2 of clubs, 3 of clubs,..., ace of clubs, 2 of spades, ..., ace of spaces, 2 of diamonds, ..., ace of diamonds.}

Manipulating events:  The operations of forming unions, intersections and complements of events obey certain rules similar to the rules of algebra.

Commutative law: 
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Associative law: 
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A graphical representation that is very useful for illustrating logical relationships among events is the Venn diagram.  The sample space 
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is represented as consisting of all the outcomes in a large rectangle, and the events 
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are represented as consisting of all the outcomes in given circles within the rectangle.  Events of interest can then be indicated by shading appropriate regions of the diagram.  
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Example 5: For two events 
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and 
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, we will frequently need to consider either

(a) the event that exactly one (of the two) occurs

(b) the event that at most one (of the two) occurs

Expressions for these events can be found easily from a Venn diagram.

(a) 
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(b) 
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Example 6: A fashionable country club has 100 members, 30 of whom are lawyers.  Rumor has it that 25 of the club members are liars and that 55 are neither lawyers nor liars.  What proportion of the lawyers are liars? 
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