MATY 24

Question 1: (20 Points) A machine puts an average of u milliliters (mL) of dye (boya) per can of paint
The amount of dye discharged is known to have a normal distribution with a standard deviation of 0.4

mL. If more than 6 mL of dye are discharged when making paint, then it is unacceptable

a) (7 points) Determine u so that only 1% of the cans of paint will be unacceptable.
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b) (6 points) What is the probability that a can of paint has at least 4.5 mL of dye?
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¢} (7 points) If a random sample of 16 cans is taken, what is the probability that the sample mean is

between 5 and 6?
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Question 2: (20 Points) An appropriate model for income is Pareto distribution, which has the
probability density function ‘ .
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Suppose we have a data set consisting of a random sample of size n.

a) (10 points) Find the maximum likelihood estimator for 6.
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b) (10 points) Find the method of moments estimator for 6.
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Question 3: (20 Points) During the competition of the brands of beers “Efes Pilsen” and “Tuborg”, a
taste test has been performed. A random sample of 80 beer drinkers participated in this test and tasted
two glasses of beers without knowing what brand was in which. It turned out that 48 of the subjects
liked Efes better.

a) (4 points) Let X, ..., Xgo correspond to the sample described in the question such that X; = 1 if
subject i likes Efes better, and X; = 0 otherwise. Write an estimator p for the proportion of all
beer drinkers who like Efes better, as a function of this sample; then find the estimate p, usmg
the information given in the question. :
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b) (4 points) Is your estimator in part a) unbiased? Show.
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c) (7 points) Construct a 90% confidence interval for the proportion of all beer drinke’f_s who like
Efes better.
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d) (5 points) In repeated sampling, suppose 20 confidence intervals, all with 90% conﬁdence are
constructed from different samples with varying sample sizes.
- -Onthe average, how many of these intervals do you expect to cover the population

proportion? 20-0.9 :

- Will the width of these intervals be the same? Why or why not?
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Question 4: (20 Points) Lasers are used to inspect the solder joints (lehimli kisimlar) in circuit boards

(elektronik devre kartlari). The manufacturer of an inspection equipment based on lasers claims that its
product can inspect 10 solder joints per second on average. The inspection equipment was tested on 35
different circuit boards by operating the equipment for exactly one second and counting the number of

solder joints inspected. The average number of solder joints inspected was found to be 9.8 . Assume
that the population standard deviationis 0.7 .

a) (10 points) Do you doubt the manufacturer’s claim? Test at a = 0.01.
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b) (4 points) Find the P-value.
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¢) (6 points) Find the Type Il error if the true mean number of solder joints that can be inspected is
really equal to 9.5 :
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Question 5: {20 Points) Synechocystis, a bacterium, is used by scientists to-model DNA behavior. Genes
of the bacterium responsible for photosynthesis are isolated and investigated for sensitivity to light. The

following are standardized growth measurements of several gene clusters in dark:
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Assume the standardized growth measurements are normally distributed with variance 1.44. 1
a) . (6 points) Find a 99% confidence interyal for the mean standardized growth.
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b) (8 points) It is known that the mean standardized growth in light is 0.1. Is the mean
standardized growth significantly higher in dark?
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rtion of the observations larger than 1.5, in the sample? Note that

¢) (2 points) What is the propo
bability that standardized growth is larger than 1.5in the gene

this is an estimate of the pro
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d) (4 points) If one wants to estimate the probability that standardized growth is larger than 1.5 in
the gene population within 0.06 of the true value of this probability (say p), with 95%
confidence, what should the smallest sample size be? :

(Hint: You can use your answer in part c) as an estimat

e of p, or some other appropriate value).
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