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Exercises for Chapter 19

Exercise 19.1 In a firm, the mean number of errors in random batches of 100

units is 14. It is known that the distribution of errors is normal with standard

deviation σ = 2. An error-reduction policy is implemented and then a sample of

16 batches of 100 items is taken. Give a test with 5% significance level of the

hypothesis that errors have been reduced (against the null hypothesis that there

is no improvement).

Exercise 19.2 Recall that the power, π(µ), of a test is the probability of rejecting

the null hypothesis when the true parameter value is µ. Suppose that a test of the

hypothesis H0 : µ ≥ 14 against the alternative H1 : µ < 14 at the 5% significance

level had critical region {X̄ | X̄ < 13.175}, so that H0 is rejected if X̄ is less than

13.175. Calculate the power function of the test.

Exercise 19.3 The P value associated with a test is a probability of observing

a text statistic value that deviates from the null hypothesis by more than the

actual statistic, given the null hypotheses is true. Suppose a mean of X̄ = 13 is

observed from a sample of size 16 from a distribution that is assumed to be normal

with standard deviation of 2 under the null hypothesis that µ = 14. Calculate

the p value, the probability of observing a mean lower than 13, given the null

hypothesis.

Exercise 19.4 A store sells pet food to a large number of customers. The typical

customer purchases 80 kilos of pet food each year. The standard deviation in

purchase quantity is σ= 0.5 kilos and the distribution of consumption is assumed

to be normal.
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A sample of 16 customer purchases is taken at the end of each year to detect

drift in consumption patterns from the mean consumption level of 80 kilos. Deter-

mine a test for the hypothesis H0 : µ = 80 against the alternative H1 : µ 6= 80 at

the 5% significance level.

Exercise 19.5 For Exercise 19.4, calculate the power function.

Exercise 19.6 A production process makes carpets with a variance in length

of 9 cm. However, the manufacturer does not know the mean length of carpets

produced and wishes to estimate the mean length of carpets produced, such that

there is a 95% probability of the estimate being within 1 cm of the true mean, µ.

How large a sample should be chosen?

Exercise 19.7 Suppose that the advertised operating life of a battery is 50 hours.

As a user, you suspect that the battery life is shorter. Assuming that battery life is

normally distributed, a sample of 12 batteries produces an average battery life of

X̄ = 53.8 and a sample standard deviation s= 7.5. What do you conclude? Test the

hypothesis at a 5% significance level. What value of X̄ would lead you to conclude

that battery lifetime was shorter than 50?

Exercise 19.8 Consider the test in Exercise 19.7. Calculate the power function

associated with this test.

Exercise 19.9 An advertising agency has designed an advertising program on

the assumption that 50% of the audience are over 30 years of age. The agency

wishes to determine if this assumption is correct. To test the hypothesis, the

agency surveyed 400 audience members. Of these, 210 were over 30 and 190 were

30 years or younger. Test the hypothesis that the audience population has 50%

over 30.

Exercise 19.10 A manufacturing process produces car tiers with the charac-

teristics that the distribution of tread life is normal with a mean of 30 thousand

miles and a standard deviation of 3 thousand miles. If 4 tires are selected at ran-

dom, what is the probability that the sample mean tread life will be less than 26

thousand miles?

Exercise 19.11 Continuing with the problem in Exercise 19.10, suppose the

company selects 16 tires at random. What mean tread life has a 99% probability

of being exceeded?

Exercise 19.12 The heights of women and men in a population are normally

and independently distributed with µw = 65, σw = 1, µm = 68, σm = 2, using the

subscript w for women and m for men. Suppose that woman and a man are



✐

✐

✐

✐

✐

✐

✐

✐

79 EXERCISES FOR CHAPTER 19

selected from the population. What is the probability that the woman is taller

than the man?

Exercise 19.13 According to the central limit theorem, if X1, X2, . . . , Xn is a

random sample from some distribution, with E{X i}= µ and Var(X i)=σ2 for all i,

then with X̄n = 1
n

∑n
i=1 X i ,

Zn =
p

n(X̄n −µ)

σ

converges in distribution to a standard normal random variable.

Recall that if X is a random variable with distribution function F, and {Xn}

a sequence of random variables with corresponding distribution functions {Fn},

then the sequence of random variables is said to converge in distribution to the

random variable X if Fn(x) → F(x) for each x at which F is continuous. Use this

result to answer the following question.

Suppose that the average yearly consumption of sugar by people frequenting

a store is 175 ounces, with a standard deviation of 20 ounces. What is the prob-

ability that 16 people selected at random would have a combined consumption

exceeding 3000 ounces?

Exercise 19.14 A firm regularly receives a large shipment of widgets. A random

sample of 400 is taken each time and each widget tested for quality. A shipment

is rejected if more than 50 widgets in the sample are defective. Furthermore, it is

known that in any shipment, 90% of the widgets are good (9and 10% defective).

What is the probability that a shipment will be rejected?

Exercise 19.15 A population has 50% green items and 50% red. A random sam-

ple of 100 items is drawn from the population. What is the probability (approxi-

mately) that at least 55 items drawn are green?

Exercise 19.16 Suppose a random sample of size 75 is drawn from a uniform

distribution on the unit interval. Then E{X i} = 0.5 and var(X i) = 1
12 . What is

the probability (approximately) that the mean of the sample will be between 0.45

and 0.55?

Exercise 19.17 A lightbulb manufacturer makes lightbulbs with mean life of

500 hours and with standard deviation of 500 hours. What is the probability that

a sample of 25 lightbulbs will have a mean life less than 450 hours? What is the

probability that a sample of 400 will have a mean life less than 450 hours?
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