Chapter 3 Part 1 Notes
Section 3.1: Terminology
Defining the basics of probability: 
·  Probability is a measure that is associated with how certain we are of outcomes of a particular experiment or activity.
· An experiment is a planned operation carried out under controlled conditions. If the result is not predetermined, then the experiment is said to be a chance experiment. 
· Flipping one fair coin twice is an example of an experiment.
· A result of an experiment is called an outcome. The sample space of an experiment is the set of all possible outcomes.
· The uppercase letter S is used to denote the sample space. 
What is the sample space for flipping one fair coin once?








· An event is any combination of outcomes. Upper case letters like A and B represent events. 
· For example, if the experiment is to flip one fair coin, event A might be getting at most one head.
· The probability of an event A is written P(A).
· The probability of any outcome is the long-term relative frequency of that outcome.
What are the possible values of any probability?







· Equally likely means that each outcome of an experiment occurs with equal probability. 
· If you toss a fair coin, a Head (H) and a Tail (T) are equally likely to occur. 
· To calculate the probability of an event A when all outcomes in the sample space are equally likely, count the number of outcomes for event A and divide by the total number of outcomes in the sample space. 
· For example, if you toss a fair dime and a fair nickel, the sample space is {HH, TH, HT, TT} where T = tails and H = heads. 
· The sample space has four outcomes. Let A = getting one head. 
· There are two outcomes that meet this condition {HT, TH}, so P(A) = 2/4 = 0.5.
The Law of Large Numbers:
· An important characteristic of probability experiments is known as the law of large numbers which states that as the number of repetitions of an experiment is increased, the relative frequency obtained in the experiment tends to become closer and closer to the theoretical probability. 
· Even though the outcomes do not happen according to any set pattern or order, overall, the long-term observed relative frequency will approach the theoretical probability. (The word empirical is often used instead of the word observed.)
“Or” and “And” Events:
"OR" Event:
· An outcome is in the event A OR B if the outcome is in A or is in B or is in both A and B. 
· For example, let A = {1, 2, 3, 4,5} and B = {4, 5, 6, 7, 8}. What would A OR B be in this situation?




"AND" Event:
· An outcome is in the event A AND B if the outcome is in both A and B at the same time. 
· For example, let A and B be {1, 2, 3, 4, 5} and {4, 5, 6, 7, 8}. What would A AND B be in the situation?


What is the complement and how do you denote it?





What is P(A) + P(A′)? Write an example.





What is conditional probability? How is it denoted?






What does conditional probability do to the sample space? 





What is the formula for conditional probability? 





Example The sample space S is the whole numbers starting at one and less than 20.
a. List the sample space:



b. Let event A = the even numbers and event B = numbers greater than 13. List the outcomes in each of these events. 



c. Compute P(A)  and P(B) 



d. List the outcomes in A AND B and A OR B



e. Compute P(A AND B) and P(A OR B) 


f. Find A′  then compute P(A′) 


g. What is P(A) + P(A′) ?


h. Compute P(A|B) and P(B|A). Are the probabilities equal?



Example The table describes the distribution of a random sample S of 100 individuals, organized by sex assigned at birth and whether they are right- or left-handed. Compute the probabilities.  
[image: ]
	a. P(M)



b. P(R)




c. P(M AND R)




d. P(M OR F)




e. P(F OR L)




	f. P(M')



g. P(R|M)




h. P(F|L)




i. P(L|F)




Section 3.2: Independent and Mutually Exclusive Events
Independent Events: 
What does it mean to be independent?





What is an example of two independent events? 




When are two events independent? Write all the conditions. 






How do we prove independence of events?




If two events are not independent, what are called? When should we assume this condition?





What types of sampling are there? What are the differences?
















What is an example of sampling with replacement?






What is an example of sampling without replacement?





Example You have a fair, well-shuffled deck of 52 cards. It consists of four suits. The suits are clubs, diamonds, hearts, and spades. There are 13 cards in each suit consisting of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, J (jack), Q (queen), and K (king) of that suit. S = spades, H = Hearts, D = Diamonds, C = Clubs.
A) Suppose you pick four cards, but do not put any cards back into the deck. Your cards are QS, 1D, 1C, QD.
B) Suppose you pick four cards and put each card back before you pick the next card. Your cards are KH, 7D, 6D, KH.
Which of a. or b. did you sample with replacement and which did you sample without replacement?






What are mutually exclusive events? 










If you cannot show whether two events are mutually exclusive, what should you assume?



Are independent events and mutually exclusive events the same thing?



Example Flip two fair coins. Find the probabilities of the events.
a. Let F = the event of getting at most one tail (zero or one tail).




b. Let G = the event of getting two faces that are the same.




c. Let H = the event of getting a head on the first flip followed by a head or tail on the second flip.




d. Are F and G mutually exclusive? Explain why. 




e. Let J = the event of getting all tails. Are J and H mutually exclusive? Explain why. 


Example Roll one fair, six-sided die. The sample space is {1, 2, 3, 4, 5, 6}. Let event A = a face is odd. Then A = {1, 3, 5}. Let event B = a face is even. Then B = {2, 4, 6}.
What is the complement of A?


Let event C = odd faces larger than two. Then C = {3, 5}. Let event D = all even faces smaller than five. Then D = {2, 4}.  P(C∩D)=0 because you cannot have an odd and even face at the same time. Are C and D mutually exclusive?




Let event E = all faces less than five. E = {1, 2, 3, 4}.
Are C and E mutually exclusive events? (Answer yes or no.) Why or why not?





Example Let event G = taking a math class. Let event H = taking a science class. Then, G ∩ H = taking a math class and a science class. Suppose P(G)=0.6,P(H)=0.5, and P(G∩H)=0.3. Are G and H independent?  
· If G and H are independent, then you must show ONE of the following:
· P(G|H)=P(G)
· P(H|G)=P(H)
· P(G∩H)=P(G)P(H)
NOTE: The choice you make depends on the information you have. You could choose any of the methods here because you have the necessary information.


Example This question have multiple parts. 
a. Toss one fair coin (the coin has two sides, H and T). List all the outcomes and state how many there are. 


b. Toss one fair, six-sided die (the die has 1, 2, 3, 4, 5 or 6 dots on a side). How many outcomes are there?

 
c. Multiply the two numbers of outcomes. What is the answer?


d. If you flip one fair coin and follow it with the toss of one fair, six-sided die, the answer to c is the number of outcomes (size of the sample space). What are the outcomes? (Hint: Two of the outcomes are H1 and T6.)





e. Event A = heads (H) on the coin followed by an even number (2, 4, 6) on the die. Write out the possible outcomes for this event, then find P(A).





f. Event B = heads on the coin followed by a three on the die. Write out the possible outcomes for the event, then find P(B).






g. Are A and B mutually exclusive? (Hint: What is  P(A∩B)? If  P(A∩B)=0, then A and B are mutually exclusive.)








h. Are A and B independent? (Hint: Is  P(A∩B)=P(A)P(B)? If  P(A∩B)=P(A)P(B), then A and B are independent. If not, then they are dependent).
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