Math 336 - Exam 1

Fall 2002 - Hartlaub

You have four hours to complete the exam once you open the sealed envelope.  Write the date and time you start and complete the exam on the top of the first page of your solutions.  Please remember the honor code we discussed in class and show all of your work for each of the problems.  You may use any printed materials, including other textbooks, but you must provide appropriate citations.  Oral, written, electronic, or any other form of communication with other individuals is strictly prohibited. The point values for each problem are provided in parentheses.  Good Luck!

1. There are three teams in a cross-country race.  Team A has five runners, team B has six runners, and team C has seven runners.  In how many ways can the runners cross the finish line if we are only interested in the team for which they run?  (Note that for scoring purposes, only the scores of the first five runners for each team count.)  (5)

2. Say we want to investigate the percentage of abused children in a certain population.  To do this, doctors examine some of these children taken at random from this population.  However, doctors are not perfect: They sometimes classify an abused child (A) by saying the child is not abused (ND) or they classify a nonabused child (N) as one that is abused (AD).  Suppose these error rates are 
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are probabilities of correct decisions.  Let us pretend that only 2% of all children are abused.  

a.  Select a child at random.  What is the probability that the doctor classifies this child as abused?  (10)

b.  Given the child is classified by the doctor as abused, compute 
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c.  Also compute 
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d.  Are these probabilities in (b) and (c) alarming?  Explain why or why not. (5)

3. Suppose that a fair n-sided die is rolled n independent times.  A match occurs is side i is observed on the ith trial, i=1, 2, …, n.  Find the probability of at least one match.  (10)

4. It is claimed that for a particular lottery, 1/10 of the 50,000,000 tickets will win a prize.  

a. What is the probability of winning at least one prize if you purchase ten tickets?  (5)

b.  Find the smallest number of tickets that must be purchased so that the probability of winning at least one prize is greater than 0.5.  (10)

5. Let X equal the number of people selected at random that you must ask in order to find someone with the same birthday as yours.  

a.  Assuming that each day of the year is equally likely (and ignoring February 29), find the probability distribution for X.  (10)

b.  Verify that the probability distribution you provided in (a) is indeed a probability distribution.  That is, show that the probabilities are nonnegative and sum to one.  (10)

6. Divide a line segment into two parts by selecting a point at random.  Use your intuition to assign a probability to the event that the larger segment is at least two times longer than the shorter segment.  (10)

7. Two four-sided dice are rolled in a board game.  Find the probability distributions for these random variables:

a.  S = the sum of the numbers on the upward facing sides.  (5)

b.  D = the absolute difference in the number on the upward facing sides.  (5)

c.  L = the larger of the two numbers on the upward facing sides. (5)

8. To estimate the number of fish in a pond (call it N), 20 fish are caught, tagged, and replaced.  A few days later, 10 fish are caught from the pond.  

a.  Identify the distribution of the number of tagged fish in the second catch, if we assume the random sampling takes place without replacement.   (5)

b.  Identify the distribution of the number of tagged fish in the second catch, if we assume the random sampling takes place with replacement.  (5)

c.  Is there any relationship between the distributions in parts (a) and (b)?  Explain.  (5)

9. Provide an example where the normal approximation to the binomial distribution is better than the Poisson approximation.  (15)
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