Math 20340 — Statistics for Life Sciences

Fall 2009 second mid-term exam
October 30, 2009

SolTloN §

Name: Instructor: David Calvin

This examination contains 6 problems on 8 pages (including the front cover and
a table of useful formulae at the end). The exam also comes with a standard normal
distribution table. It is closed-book, but you may use up to four single sided pages
of handwritten notes. You may use a calculator. Show all your work on the paper
provided. The honor code is in effect for this examination.

Scores

| Question | Score | Out of |

1 10
2 10
3 10
4 10
5 10
6 10
Total 60
GOOD LUCK !!!



1. Answer these questions using the standard normal table included with this
exam. In the first two parts, z is a standard normal.

(a) Find a 2o such that the probability that z is greater than z is .281.
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(b) What is the probability that z is either greater than 1.2 or smaller than
-1.27 (Your answer should be a single number)
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(c) A certain normal random variable x is known to have mean 0, but its
standard deviation is unknown. If data suggests that the probability that
x is greater than 5 is around .2, find the standard deviation.
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2. People’s reaction to a certain stimulus is known to be normally distributed with
mean 1.08 seconds, variance .4.

(a) What is the probability that a randomly chosen subject will react to the
stimulus in less than 1 second?
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(b) If three subjects are selected at random, what is the probability that at
least two of them will react to the stimulus in less than 1 second?
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3. An entomologist wishes to estimate the average development time of the citrus
red mite, correct to within .5 days. From previous observations, it is known
that the development times typically range from 48 to 64 days.

(a) Give an estimate for o, the standard deviation of the development time of
a randomly chosen citrus red mite.
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(b) What sample size is needed to be 95% sure that the average development
time has been estimated to within +.5 days?
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(c) Suppose the entomologist want to be 98% sure that the average develop-
ment time has been estimated to within +.5 days. Should she take a larger
or a smaller sample size than the one calculated in part b)? Why?
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(d) Suppose the entomologist want to be 95% sure that the average develop-
ment time has been estimated to within &1 day. Should she take a larger
or a smaller sample size than the one calculated in part b)? Why?
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4. A grain dispenser can be set to fill containers of different sizes. If it is set to
dispense p kilos, then the amount it dispenses is a normal random variable with
mean u and standard deviation 20.

(a) Suppose p is set to 970, and the dispenser is used to fill containers that

hold 1000 kilos. What is the probability that a container will be filled to
overflowing?
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(b) What should u be set to, to make sure that the probability of a 1000 kilo
container being filled to overflowing is only 2%7?
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5. A manufacturer of gunpowder has developed a new powder, which was tested in
eight shells. The resulting muzzle velocities, in feet per second, were as follows:

3005 2990 3010 2990
3000 2995 2980 2990

The average of these eight numbers is 2995.

(a) Find s, the sample standard deviation of the sample.
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(b) Assuming that the muzzle velocities are close enough to normally dis-
tributed that the Central Limit Theorem applies for a sample of size 8§,
find a 95% confidence interval for the true average velocity p for shells of
this type.
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6. Two processes are used in a certain plant to produce the circuit boards for flash
drives. To estimate the difference between the proportion of defective boards

produced by the two processes, a researcher gathers data as follows, based on
random samples:

Number sampled Number defective
Process A 80 8
Process B 120 6

(a) Give a point estimate for (proportion defective in process A)-(proportion
defective in process B).
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(b) Compute the SE (standard error) for the distribution of the difference
between the two sample proportions.
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(c) Compute the 90% confidence margin of error for the difference between
the two sample proportions.
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Some (possibly) useful formulae

e Drawing samples from a general population

— Sample mean of a sample of size n:
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Sample standard deviation of sample of size n:

8§ =

n -1

— SE of 7 (sample of size n):
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— SE of #, — 7, (sample of size n; from population 1, n, from pop-

ulation 2):
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e Drawing samples from a binomial population

— Sample proportion of a sample of size n:

Number of successes
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n

— SE of p (sample of size n):
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— SE of p; — p, (sample of size n; from population 1, n, from popu-

lation 2):
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e Central Limit Theorem

— Version 1: If z1,...,z, is a random sample from a population with mean
p and standard deviation o, then for large enough n the distribution of Z
is approximately normal with mean p, standard deviation o/v/n.

— Version 1: If z;,...,z, is a random sample from a population with mean

1 and standard deviation o, then for large enough n the distribution of
S° , z; is approximately normal with mean nu, standard deviation Vno.




