Notes -- Geometric Distributions

In the case of the binomial distribution, the number of trials was predetermined. Sometimes, however, we wish
to know the number of trials needed before a certain outcome occurs. For example, we wish to play until we
win or until we lose; you roll dice until you get an 11; a mechanic waits for the first plane to arrive at the airportQu
that needs repair; a basketball player shoots until he makes it. These situations fall under the geometric
distribution.

What are the four major principles that allow us to identify a geometric distribution?
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If X has a geometric distribution with probability p of success and (1- p) of failure on each observation, the possible
values of X are 1, 2, 3, ... If nis any one of these values, then the probability that the first success will occur on

the nth trial is P(X = n) = (I - p)"_l p expected value = 1/p

Example 1: On the leeward side of the island of Oahu in the small village of Nanakuli, about 80% of the
residents are of Hawaiian ancestry (The Honolulu Advertiser). Suppose you fly to Hawaii and visit
Nanakuli. What is the P(first villager you meet is Hawaiian)? What is the P(you don’t meet a Hawaiian
until the second villager)? Etc?
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Question: Why does this situation satisfy the geometric setting?
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Label everything you know!
p= o 50 q= o X0 = Venes
Lat’c ctart of by filling in the following probability distribution table!
In order to determine the EXACT number for each probability we use Geometric % S'\: in our
calculator.
P(X=k)= geometpdf (_* go ) )( )
Build an appropriate probability distribution chart to answer the following questions.
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Let X=# of villagers you must meet until you meet an actual Hawaiian
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When looking for an exact probability we will use: P(X=x)= geometpdf(p, x)
When looking for probabilities that are cumulative we will use: P (X <x) = geometcdf(p, x)
Using your g@art; find thé following: A"
a. What s the probability of meeting a Hawaiian by the 6t villager? 6€ome\' ( 4 ) G)
P(x2b) = EOFP@+p(3)rpu )+ Y psYtpl6) = A1
b. What is the probability it will take more than 4 villages before meeting a Hawaiian?
Pix>)= p(5)+ple) P pl8) = . 002 |- geemeedt (:S,14)
¢. Whatis the probability of not meeting an Hawaiian in the first 7 V1llagers7
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Now, try the following by building a chart and check your answer by using the calculator options!
Example 2: A computer testing program is designed to present questions to the user until a correct
answer is given. Suppose that each question has ﬁve possible answers, and that the user is guessing.
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a. Whatis the probability that the user will have to answer 5 questions in order to get one question
correct?
p(x=5) = geomet pdf (.2, 5) =082
b, What is the probability that the user will have to answer more than 4 questions to get one correct?
(Xa '—f) = \‘- 3eomd’(,df ,‘*> ‘40%
¢. What is the probability that the user will get a correct answer by the 8t question?
< p(x£3) = gcomch(-Z)g)';»W?/

d. What is the expected value? \
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