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7.4 Basic Concepts of Probability

· You shall be capable of deciding whether two given events are mutually exclusive. (Refer to Page 329) [Problems 3 – 7] 

·  You shall be capable of computing the probabilities of the sum of two dice.  (EXAMPLE 2 (a), Event B) [Problems 8 – 11]

· You shall be capable of computing the probabilities of various events involving rolling two dice. (EXAMPLE 2) [Problems 12 – 13]

· You shall be capable of computing the probabilities of various events involving drawing one card from an ordinary deck of 52 cards. (EXAMPLE 1) [Problems 16 – 17]

· You shall be capable of computing the probabilities of various events involving events from a given sample space. [Problems 18 – 21]

· You shall be capable of computing the probability of an event for an experiment involving a well-shuffled deck of 52 cards. [Problems 25 – 32]

· You shall be able to define and give examples for the following mathematical terminology: 


Definitions and Terminology

· union rule for probability (pg. 336) DEFINITION – See notes below.
· mutually exclusive events (pg. 328, 336) DEFINITION – For a particular performance of an experiment, any two events that cannot both occur at the same time are called mutually exclusive events.
· empirical probability (pg. 339) DEFINITION – When a probability is determined through an experiment or by gathering real world data, we say that this is an empirical probability. Empirical probabilities apply to all kinds of real world statistics, such as census data, marketing and business surveys, national and local polling activities, such as political polls.
· theoretical probability (pg. 339) DEFINITION – When a probability is determined through an analysis of theoretical outcomes matching the criteria of an event E, we say that this is a theoretical probability.  Theoretical probabilities apply to all kinds of games of chance, such as dice rolling, card games, roulette, lotteries, and so on.
· probability distribution (pg. 341) DEFINITION – A table which lists all possible values of a random variable, along with the probabilities that those values will occur is called a probability distribution.
Mathematical Notation or Symbols

	Symbol
	Section
	Meaning

	P(E ( F)
	7.4
	The probability that events E or F, or both will occur.  Refer to the Union Rule of Probability, and Union Rule for Mutually Exclusive Events.   It is related to the Union Rule for Sets in Section 7.2.

	P(E ( F)
	7.4
	The probability that events E and F will occur.  Refer to the Union Rule of Probability, and Union Rule for Mutually Exclusive Events.  It is related to the Union Rule for Sets in Section 7.2.

	P(E) 
	7.4
	The probability that event E will occur.  Refer to the Complement Rule.

	P(E() 
	7.4
	The probability that event E will not occur.  Refer to the Complement Rule.


Notes for This Section’s Objectives

· You shall be capable of deciding whether two given events are mutually exclusive. (Refer to Page 329) [Problems 3 – 7] 

First, let us review the definition of mutually exclusive.

· mutually exclusive events (pg. 328, 336) DEFINITION – For a particular performance of an experiment, any two events that cannot both occur at the same time are called mutually exclusive events.

	Process to Determine if Two Events are Mutually Exclusive

1. Carefully read the given statement in the problem.

2. Determine what the two events are, and then write down E = the first event and F = the second event.

3. Ask yourself the following question: “Is it possible for both events E and F to occur at the same time?”

4. If the answer is YES, then the events are not mutually exclusive events.  If NO, then the events are mutually exclusive events.  


· You shall be capable of computing the probabilities of the sum of two dice.  (EXAMPLE 2 (a), Event B) [Problems 8 – 11]
	Process to Compute the Probability of the Sum of Two Dice

1. First note that the smallest sum can be a two, by rolling two ones (sometimes this is called snake-eyes).  This appears in the upper left-hand corner of FIGURE 18 on page 337. Secondly, the largest sum can be twelve, by rolling two sixes. This appears in the lower right-hand corner of FIGURE 18 on page 337.

2. Find any example in FIGURE 18 on page 337 that contains the given sum of the two dice that you are seeking.

3. To determine the other dice that also have the same sum, look along the diagonal like a forward slash “/” that contains the sum that you found from Step 2.  All of the different combinations will lie along this diagonal. 


	
	Green Die

	
	
	1
	2
	3
	4
	5
	6

	Red Die
	1
	1-1
	1-2
	1-3
	1-4
	1-5
	1-6

	
	2
	2-1
	2-2
	2-3
	2-4
	2-5
	2-6

	
	3
	3-1
	3-2
	3-3
	3-4
	3-5
	3-6

	
	4
	4-1
	4-2
	4-3
	4-4
	4-5
	4-6

	
	5
	5-1
	5-2
	5-3
	5-4
	5-5
	5-6

	
	6
	6-1
	6-2
	6-3
	6-4
	6-5
	6-6


FIGURE 18 – All outcomes from rolling two die.
	Union Rule for Probability

For any events E and F from a sample space S,


P(E ( F) = P(E) ( P(F) ( P(E ( F).


	Union Rule for Mutually Exclusive Events for Two Events
For mutually exclusive events E and F from a sample space S,


P(E ( F) = P(E) ( P(F).
Note: Since events E and F are mutually exclusive, we know that E ( F = (, and hence P(E ( F) = 0.  So this Union Rule is just a special case of the Union Rule for Probability given above.


	Union Rule for Mutually Exclusive Events for more than Two Events

For mutually exclusive events E1, E2, E3, …, En from a sample space S,

P(E1 ( E2 ( E3 ( … ( En) = P(E1) ( P(E2) ( P(E3) ( … + P(En).


· You shall be capable of computing the probabilities of various events involving rolling two dice. (EXAMPLE 2) [Problems 12 – 13]

	Process to Compute the Probability of the Sum of Two Dice

1. Carefully read the given statement in the problem, looking for the keyword “or”, which mathematically means the union (.
2. Label the event that occurs before the “or” as event E, and the event that occurs after the “or” as event F.

3. Use the Union Rule for Probability and the process used in EXAMPLE 2 to finish the problem. 


· You shall be capable of computing the probabilities of various events involving drawing one card from an ordinary deck of 52 cards. (EXAMPLE 1) [Problems 16 – 17]

	Process to Compute the Probability of Drawing One Card from a Deck of 52
1. Carefully read the given statement in the problem, looking for the keyword “or”, which mathematically means the union (.
2. Label the event that occurs before the “or” as event E, and the event that occurs after the “or” as event F.  Note, If you wish, you can use letters other than E and F to represent the events which more accurately reflect the event.
3. Determine if the events in the problem are mutually exclusive.  If they are mutually exclusive, then use the Union Rule for Mutually Exclusive Events to compute the probability.  If they are not mutually exclusive, then go to Step 4.
4. Use the Union Rule for Probability and the process used in EXAMPLE 1 to finish the problem. 


	Complement Rule

For an event E from a sample space S,


P(E) = 1 ( P(E()  and  P(E() = 1 ( P(E)


	Empirical Probability Formula

If E is an event that may happen when an experiment is performed, then the empirical probability of event E is given by 


P(E) = 
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	Properties of Probability

Let S be a sample space of n distinct outcomes s1, s2, s3, …, sn. An acceptable probability assignment consists of assigning to each outcome si, a number pi (the probability of si) according to these rules.

1. The probability of each outcome is a number between 0 and 1.


0 ≤ p1 ≤ 1, 0 ≤ p2 ≤ 1, … 0 ≤ pn ≤ 1

2. The sum of the probabilities of all possible outcomes is 1.


p1 ( p2 ( p3 ( … ( pn = 1
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