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1 The random variable X has the rectangular (continuous uniform) distribution over the interval
, so that its probability density function is

The cumulative distribution function (cdf) of X is denoted by .

(i) Write down the values of the cdf of X at and [2]

(ii) Obtain , and verify that the values of and are correct. [3]

The random variable Y is defined by 

(iii) The values that Y can take are given by Write down and [1]

(iv) Let denote the cdf of Y. By considering

and using the cdf of X, show that

(for ). [3]

(v) Obtain the probability density function of Y. [2]

(vi) Use to obtain the median of Y. [2]

(vii) Write down the median of X. Verify that [2]mY � 2mX
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2 A craftsman makes hand-made souvenirs of two types, A and B. The time taken to make a type A
souvenir is a Normally distributed random variable with mean 34 minutes and standard deviation
2.6 minutes. Independently, the time taken to make a type B souvenir is a Normally distributed
random variable with mean 39 minutes and standard deviation 4.0 minutes.

(i) Find the probability that it takes more than 30 minutes to make a type A souvenir. [2]

(ii) Find the probability that a type A souvenir takes more time to make than a type B souvenir.
[4]

(iii) The souvenirs are packed in boxes containing 3 of each type. Find the probability that the total
time to make the 6 souvenirs in such a box exceeds 210 minutes. (Assume that the souvenirs
are chosen randomly and independently.) [3]

The craftsman undertakes a training course to improve his skill at making type A souvenirs.
Afterwards, a random sample of 8 times taken to make type A souvenirs is as follows (in minutes).

34.9    31.8    26.1    29.9    31.4    33.3    29.1    27.9

(iv) Assuming that the underlying standard deviation has not changed, provide a two-sided 95%
confidence interval for the true mean time to make a type A souvenir after the training course.
Interpret this confidence interval carefully. [6]

3 Researchers at an industrial company are studying new apparatus for delivering a carefully
controlled volume of a certain chemical at a particular stage in the production process. The volume
delivered is specified to be 21ml. Small variations from this can be tolerated, but the researchers
need to determine whether the volume delivered is as specified on average.

The volumes delivered are carefully measured on 10 occasions and found to be as follows (in ml).

21.0    21.6    19.8    22.9    22.0    20.9    22.5    21.4    21.8    20.6

(i) State the appropriate null and alternative hypotheses for the usual t test that the researchers
might use. [2]

(ii) State two conditions necessary for the correct use of the t test. [2]

(iii) Carry out the test, using a 5% significance level. [7]

(iv) Provide a two-sided 99% confidence interval for the true mean volume delivered. [4]
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4 Psychologists are developing a new index of overall intelligence for 11-year-old children. It is
assumed that the index is Normally distributed over the whole underlying population and that the
standard deviation of this distribution is 12. If the index has been created correctly, its mean over
the population should be 50.

(i) The index is measured for a random sample of 100 11-year-old children. It is found that the
sample mean value is 47.8. Test the hypothesis that the true mean of the index is 50, against
the alternative that it is not 50, at the 1% level of significance. Discuss briefly whether the
assumption that the underlying distribution is Normal is necessary for this test to be valid.

[8]

(ii) If the assumption of underlying Normality with mean 50 and standard deviation 12 is correct,
then

• 6.68% of the population will have an index value less than 32,

• 43.32% of the population will have an index value between 32 and 50,

• 43.32% of the population will have an index value between 50 and 68,

• 6.68% of the population will have an index value greater than 68.

In the random sample of 100 11-year-old children, it is found that the numbers in these
categories are 12, 48, 36 and 4 respectively. Use this information to test whether the
assumption is reasonable, at the 10% significance level. [7]
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