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1. (a) Write down the formula for the conditional probability of A given B, P(A|B), assum-
ing that P(B) > 0. Hence show that, if A and B are independent, then

P(A and B) = P(A) × P(B). [4 marks]
(b) A quality control system measures the masses of items coming off a production line.

If the mass lies outside a certain range, the production line is stopped. Unfortunately,
for each item there is a 6% chance of the line stopping even though the item is
satisfactory, and there is an 8% chance of it not stopping even when the item is
flawed. The probability of an item being flawed is 0.15. Find the probability that

(i) the line stops for a particular item, [8 marks]
(ii) if the line has stopped, it is because the item is flawed. [8 marks]

2. In recent weeks, 40% of my e-mails have been spam.

(a) If, in a given period, I receive 10 e-mails, write down the distribution of x, the
number of spam e-mails I receive. Find Prob(x = 7). [8 marks]

(b) In a week, I get 150 e-mails. Use the Normal approximation to find Prob (y < 50),
where y is the number of spam e-mails I get. [12 marks]

3. A sample of widgets have the following diameters, in cms: 6.21, 6.30, 6.29, 6.27, 6.24.

(a) Find the mean and standard deviation of the diameters of the sample. [6 marks]
(b) Assuming that widget diameters are Normally distributed, find the 95% Confidence

Interval for the mean diameter of the population. [8 marks]
(c) Find the number that should be sampled in order that this Confidence Interval should

have a width of 0.02 cm. [6 marks]

4. The lifetime t in hours of a certain electronic component is a random variable having the
probability density function:

f (t) = 0 for t < 100
f (t) = k/t3 for t ≥ 100, where k is a constant.

(a) Show that k = 20, 000. [6 marks]
(b) Find the mean lifetime of the components. [6 marks]
(c) Find the probability that a component will need replacing within the first 150 hours

of operation. [4 marks]
(d) Find the “half-life” of a component, that is, the time after which there is a probability

of 1/2 that it will need replacing. [4 marks]
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5. An investigation of the acoustics of different concert halls gave the following results for
d, the front-back distance in metres, and t, the reverberation time in seconds:

d 20 35 41 42 50 56 60
t 1.2 1.4 2.7 2.6 2.9 3.1 4.5

(a) Find the least squares estimate of the regression line of t on d. Give a physical
interpretation of the constants in the equation of the line. [8,2,2 marks]

(b) Predict the reverberation time when (i) d = 38 and (ii) when d = 10. Comment on
the reliability of each of these estimates. [8 marks]

6. In a certain production process, the proportion of p of defective items is unknown. A two-
stage plan for the quality control procedure is as follows: Select 40 items from a batch
and accept the batch if none are defective. Reject the batch if two or more are faulty. If
one is faulty take another 10 items and reject the batch if any of these are faulty; otherwise
accept the batch.

(a) Find, in terms of p, the probability L(p) that a batch is accepted. Evaluate L(p) at
p = 0, p = 0.01 and p = 0.1; hence sketch the graph of the operating characteristic.
Comment on the shape of this graph. [14 marks]

(b) Show that the expected number of items sampled under this method is

40(1 + 10p(1 − p)39). [6 marks]
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