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1  On average, 2 people in every 10000 in the UK have a particular gene. A random sample of
6000 people in the UK is chosen. The random variable X denotes the number of people in the sample
who have the gene. Use an approximating distribution to calculate the probability that there will be
more than 2 people in the sample who have the gene. [4]

2 (a) The time taken by a worker to complete a task was recorded for a random sample of 50 workers.
The sample mean was 41.2 minutes and an unbiased estimate of the population variance was
32.6 minutes®. Find a 95% confidence interval for the mean time taken to complete the task.

[3]

(b) The probability that an a% confidence interval includes only values that are lower than the
population mean is %. Find the value of a. [2]

3  Past experience has shown that the heights of a certain variety of rose bush have been normally
distributed with mean 85.0cm. A new fertiliser is used and it is hoped that this will increase the
heights. In order to test whether this is the case, a botanist records the heights, x cm, of a large random
sample of n rose bushes and calculates that X = 85.7 and s = 4.8, where x is the sample mean and
s? is an unbiased estimate of the population variance. The botanist then carries out an appropriate

hypothesis test.

(i) The test statistic, z, has a value of 1.786 correct to 3 decimal places. Calculate the value of n.

[3]

(ii) Using this value of the test statistic, carry out the test at the 5% significance level. [3]
4 (a
g(x) h(x)
A A
1 1
0 I 2 > 0 I 2 -
-1 -1

The diagrams show the graphs of two functions, g and h. For each of the functions g and h, give
a reason why it cannot be a probability density function. [2]

(b) The distance, in kilometres, travelled in a given time by a cyclist is represented by the continuous
random variable X with probability density function given by

30
— 10<x <15,
f) =1 2 0<x 5
0 otherwise.
(i) Show that E(X) =301n1.5. [3]

(i) Find the median of X. Find also the probability that X lies between the median and the
mean. [5]
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S  Cans of drink are packed in boxes, each containing 4 cans. The weights of these cans are normally
distributed with mean 510 g and standard deviation 14 g. The weights of the boxes, when empty, are
independently normally distributed with mean 200 g and standard deviation 8 g.

(i) Find the probability that the total weight of a full box of cans is between 2200 g and 2300 g. [6]

(i) Two cans of drink are chosen at random. Find the probability that they differ in weight by more
than 20 g. [5]

6  The number of injuries per month at a certain factory has a Poisson distribution. In the past the mean
was 2.1 injuries per month. New safety procedures are put in place and the management wishes to
use the next 3 months to test, at the 2% significance level, whether there are now fewer injuries than
before, on average.

(i) Find the critical region for the test. [5]
(ii) Find the probability of a Type I error. [1]
(iii) During the next 3 months there are a total of 3 injuries. Carry out the test. [3]

(iv) Assuming that the mean remains 2.1, calculate an estimate of the probability that there will be
fewer than 20 injuries during the next 12 months. [5]
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The weights of bags of fuel have mean 3.2 kg and standard deviation 0.04 kg. The total weight of a
random sample of three bags is denoted by 7 kg. Find the mean and standard deviation of 7. [4]

X is a random variable having the distribution B(12, %) A random sample of 60 values of X is taken.
Find the probability that the sample mean is less than 2.8. [5]

The number of goals scored per match by Everly Rovers is represented by the random variable X
which has mean 1.8.

(i) State two conditions for X to be modelled by a Poisson distribution. [2]
Assume now that X ~ Po(1.8).
(ii) Find P(2 < X < 6). [2]

(iii) The manager promises the team a bonus if they score at least 1 goal in each of the next 10 matches.
Find the probability that they win the bonus. [3]

A doctor wishes to investigate the mean fat content in low-fat burgers. He takes a random sample of 15
burgers and sends them to a laboratory where the mass, in grams, of fat in each burger is determined.
The results are as follows.

9 7 8 9 6 1 7 9 & 9 8 100 7 9 9

Assume that the mass, in grams, of fat in low-fat burgers is normally distributed with mean u and that
the population standard deviation is 1.3.

(i) Calculate a 99% confidence interval for u. [4]

(ii) Explain whether it was necessary to use the Central Limit theorem in the calculation in part (i).

(2]

(iif) The manufacturer claims that the mean mass of fat in burgers of this type is 8 g. Use your answer
to part (i) to comment on this claim. [2]

The number of adult customers arriving in a shop during a 5-minute period is modelled by a random
variable with distribution Po(6). The number of child customers arriving in the same shop during a
10-minute period is modelled by an independent random variable with distribution Po(4.5).

(i) Find the probability that during a randomly chosen 2-minute period, the total number of adult
and child customers who arrive in the shop is less than 3. [3]

(ii) During asale, the manager claims that more adult customers are arriving than usual. In arandomly
selected 30-minute period during the sale, 49 adult customers arrive. Test the manager’s claim
at the 2.5% significance level. [6]
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6 Jeevan thinks that a six-sided die is biased in favour of six. In order to test this, Jeevan throws the die
10 times. If the die shows a six on at least 4 throws out of 10, she will conclude that she is correct.

(i) State appropriate null and alternative hypotheses. [1]
(ii) Calculate the probability of a Type I error. [3]
(iii) Explain what is meant by a Type Il error in this situation. [1]

(iv) If the die is actually biased so that the probability of throwing a six is %, calculate the probability
of a Type II error. [3]

7 A random variable X has probability density function given by

k(1-x) -1<x<1,

0 otherwise,

o - {

where k is a constant.

(i) Show that k = 1. [2]
(i) Find P(X > 1). [1]
(iii) Find the mean of X. [3]
(iv) Find a such that P(X < a) = 1. [3]
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A hotel kitchen has two dish-washing machines. The numbers of breakdowns per year by the two
machines have independent Poisson distributions with means 0.7 and 1.0. Find the probability that
the total number of breakdowns by the two machines during the next two years will be less than 3.

[4]

In a random sample of 70 bars of Luxcleanse soap, 18 were found to be undersized.

(i) Calculate an approximate 90% confidence interval for the proportion of all bars of Luxcleanse
soap that are undersized. [4]

(ii) Give a reason why your interval is only approximate. [1]

At an election in 2010, 15% of voters in Bratfield voted for the Renewal Party. One year later, a
researcher asked 30 randomly selected voters in Bratfield whether they would vote for the Renewal
Party if there were an election next week. 2 of these 30 voters said that they would.

(i) Use a binomial distribution to test, at the 4% significance level, the null hypothesis that there
has been no change in the support for the Renewal Party in Bratfield against the alternative
hypothesis that there has been a decrease in support since the 2010 election. [4]

(i) (a) Explain why the conclusion in part (i) cannot involve a Type I error. [1]

(b) State the circumstances in which the conclusion in part (i) would involve a Type II error.
[1]
On average, 1 in 2500 people have a particular gene.

(i) Use a suitable approximation to find the probability that, in a random sample of 10000 people,
more than 3 people have this gene. [4]

(ii) The probability that, in a random sample of n people, none of them has the gene is less than 0.01.

Find the smallest possible value of 7. [3]

Each drink from a coffee machine contains X cm? of coffee and Y cm? of milk, where X and Y are
independent variables with X ~ N(184, 15%) and Y ~ N(50, 8%). If the total volume of the drink is
less than 200 cm? the customer receives the drink without charge.

(i) Find the percentage of drinks which customers receive without charge. [4]

(ii) Find the probability that, in a randomly chosen drink, the volume of coffee is more than 4 times
the volume of milk. [5]
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The distance travelled, in kilometres, by a Grippo brake pad before it needs to be replaced is modelled
by 10000X, where X is a random variable having the probability density function

—k(x* —5x +6) 2<x<3,

0 otherwise.

f(x) :{

The graph of y = f(x) is shown in the diagram.

y
A
| > X
0 1 2 3
(i) Show that k = 6. (2]
(ii) State the value of E(X) and find Var(X). [4]

(iif) Sami fits four new Grippo brake pads on his car. Find the probability that at least one of these
brake pads will need to be replaced after travelling less than 22 000 km. [3]

Previous records have shown that the number of cars entering Bampor on any day has mean 352 and
variance 121.

(i) Find the probability that the mean number of cars entering Bampor during a random sample of
200 days is more than 354. [4]

(ii) State, with a reason, whether it was necessary to assume that the number of cars entering Bampor
on any day has a normal distribution in order to find the probability in part (i). [2]

(iii) It is thought that the population mean may recently have changed. The number of cars entering
Bampor during the day was recorded for each of a random sample of 50 days and the sample
mean was found to be 356. Assuming that the variance is unchanged, test at the 5% significance
level whether the population mean is still 352. [4]
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