STAT 515 sp 2026 Exam I

Karl Gregory

Do not open this exam until told to do so.

You may have two handwritten sheets of notes out during the exam.

You have 75 minutes to work on this exam.

You may NOT use any kind of calculator.
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A z-table and a t-table are appended to this exam.
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1. A type of mushrogm pops up in a hermit’s forest such that when he walks through his forest he
encounters, on average, 5 mushrooms every 100 yards. Suppose the mushrooms pop up in the forest
according to a Poisson process. Here comes the hermit now. ..
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(a) Give the probability that he will walk 100 yards WlthOlit encountering a single mushroom.
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(b) Give the probability that he encounters at least one mushroom in the first 100 yards.
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(c) Give an expression for the probablhty that he finds at least 5 mushrooms in the first 100 yards.
You do not need to evaluate your expression.
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(d) Give the expected number of mushrooms he will ericounter if he walks 300 yards in his forest.
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(e) Suppose he measures the diStanée from the first mushroom he en'counters to the next mushroom
he encounters. What probability distribution does this random variable have?
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2. An espresso machine yields double shots with volumes following a normal distribution with mean 60 ml
and standard deviation 2 ml.

(a) Give the probability that the next double shot will have volume less than 59 ml.

X~ Notmal (@ &“»)) ptl zx

e—————

P(XL'Sq)z P(z¢ 51_;%‘7) - P(zé /,05): 0.5-0.1915 .;{[’0. 3095 ,.-J

.;g. N~
s o

(b) Give the probability that the next double shot will have volume greater than 59 ml.
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(c) Give the 93.32th percentile of the distribution of volumes of double shots of espresso from this
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(d) Suppose you pull 25 double shots of espresso. Give the probability that the average of the volumes
of the 25 double shots is less than 59 ml.
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(e) Suppose the volumes were not normally distributed. hat is required for the mean volumes of
samples of double shots to have approximately a normal distribution?
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3. A botanist sows 100 seeds of a certain type in a greenhouse and is interested in the probability that a

seed of this type will germinate under the Ereenhougeweanditions. After some time, she observes that 81
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(a) Give an expression for 2 99% confidence interval for the probability that this type of seed will
germinate under the greénhouse c‘onditiqps.' You do not need to evaluate the bounds of the interval.
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(b) The botanist wishes to know if the probability of germination under her greenhouse conditions is

more than 0.75. Formulate a null and an alternate hypothesis which correspond to her research
question. Vnrevesre d | in & p re s P 030,75
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(c) Write down an expression for the test statistic for testing the hypotheses in the previous part. You
do not need to evaluate your expression.
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(d) The test statistic value is 1.386. Does the researcher reject Ho at the a = 0.01 significance level?
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(e) Suppose the botanist plans to do a largé} study; she wishes in the end to be able to ¢onstrict

a 99% confidence interval with margin of error no greater than two percentage points for the
true probability that a seed of this type will germinate under her greenhouse conditions. Give an
expression for E_gggssﬁof _the sample size needed for her to achieve this. You do not need to evaluate
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4. Students in a class were asked to measure their heart rates, resulting in the following set of numbers.

80 84 108 70 84
118 76 90 68 80
92 82 90 46 78
84 76 90 98 66
78 88 8 56 60

The average of all the measurements is 81.12 and the standard deviation is 15.45. A boxplot and a
Normal quantile-quantile plot are shown.
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(a) Give an expression for a 95% confidenice interval for the mean heart rate of this population. You
do not have to evaluate the endpoints of your interval.
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(b) Suppose it is of interest to know whether the mean heart rate in this population differs from 80
bpm. Write down the relevant null and alternate hypotheses.

(c) Give an expression for the test statistic for testing the hypotheses in the previous part. You do not
have to evaluate your expression.
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(d) The value of the tes_t statistic is 0.362. State your decision about the hypotheses in part @ at the
a = 0.05 significance level.
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(e) Explain the purpose of the Normal quantile-quantile plot.
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