AMS 311 , Lecture 5

February 8, 2001

Review: 

Theorem 2.1 (Counting Principle)

If the set E contains n elements and the set F contains m elements, there are nm ways in which we can choose, first, an element of E and then an element of F.

Theorem 2.2  (Generalized Counting Principle)

Let E1, E2, (, Ek be sets with n1, n2, (, nk elements, respectively. Then there n1( n2( (( nk ways in which we can, first, choose an element of E1, then an element of E2, (, and finally an element of Ek .

Example: Consider a poker hand of five cards. Find the probability of getting four of a kind (i.e., four cards of the same face value) assuming the five cards are chosen at random. 

Chapter Three

Conditional Probability and Independence

Homework Assignment (Due February 15): Problems starting on page 82: 2, 6*, 14*; starting page 87: 4, 8, 10*; starting page 96: 4, 6, 14*, 19*; starting page 104: 2, 6, 7; starting on page 119: 4, 27, 38*.

Estimates of conditional probabilities are fundamental statistics in the health sciences. For example, age-specific mortality rates are an example of estimates of conditional probabilities. 

Definition: If  P(B)>0, the conditional probability of A given B, denoted by P(A|B), is 
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Theorem 3.1 establishes that this definition meets the criteria of a probability measure. 

Example 3.2. From the set of all families with two children, a family is selected at random and found to have a girl. What is the probability that the other child of the family is a girl? Assume that in a two-child family all sex distributions are equally probable. Answer : 1/3.

Example 3.3. From the set of all families with two children, a child is selected at random and is found to be a girl. What is the probability that the second child of this girl’s family is also a girl? Assume that in a two-child family all sex distributions are equally probably.  

Answer: ½.

Law of Multiplication: 
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Theorem 3.2. (Generalization of the Law of Multiplication):

If 
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Example 3.11. Suppose that five good and two defective fuses have been mixed up. To find the defective ones, we test them one-by-one, at random and without replacement. What is the probability that we find both of the defective fuses in exactly three tests? (0.095.

Theorem 3.3. Law of Total Probability

Let B be an event with  P(B)>0 and P(Bc)>0. Then for any event A, 
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Definition: Let 
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 be a set of nonempty subsets of the sample space S of an experiment. If the events 
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 the set 
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is called a partition of S.

Theorem 3.4. Generalized Law of Total Probabililty

If 
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is a partition of the sample space of an experiment and P(Bi)>0 for 
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, then for any event A of S, 
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Application to overall mortality rate; definition of directly standardized rate.

Much harder example using simple law of total probability:

Example 3.14. Gambler’s Ruin Problem

Two gamblers play the game of “heads or tails,” in which each time a fair coin lands heads up, player A wins $1 from B, and each time it lands tails up, player B wins $1 from A. Suppose that player A initially has a dollars and player B has b dollars. If they continue to play this game successively, what is the probability that (a) A will be ruined; (b) the game goes forever with nobody winning?
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