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Answer to Question 1 (4 marks)

Because  and  are independent, a.
(1). By the addition rule,  (1).
If  and  are independent, so are  and ; hence  (1).b.
By De Morgan,  (1), which also
equals , confirming that the complements are
independent too.

In (a), a common error is to add  without subtracting the overlap. In
(b), the direct calculation  gives the same
result.

Answer to Question 2 (4 marks)

Machine 2 makes the remaining 30% of the bolts. By the law of total probability,a.
 (2), so about 5.8% of all

bolts are defective.

By Bayes' theorem,  (2).b.

Although machine 2 makes fewer bolts, its higher defect rate means it produces
just over half of the defective ones.

In (a), a tree diagram with two stages, machine then quality, shows the two paths to a
defective bolt. In (b), the denominator must be the total .

Answer to Question 3 (4 marks)

. Nexta.
, so

 (2).
By linearity,  (1). Adding a constant doesb.
not change the spread and the factor is squared:

 (1). Note that the variance is multiplied by 4,
not by : a variance can never be negative, and the standard deviation doubles
from 0.7 to 1.4.

In (a), check that the probabilities add up to . A common error is to
write , forgetting to square the mean.
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Answer to Question 4 (4 marks)

With  and ,a.
 (2).

The Poisson approximation uses , sob.

 (1). The answers are close, but the

approximation works best when  is large and  small; here  is small, so it
is only rough (1). The relative error is about 5%, which would shrink for a larger
sample with the same mean.

In (a),  must be kept to enough significant figures.

Answer to Question 5 (4 marks)

Standardise both limits:  and  (1). Thena.

 (1).
Assuming parts are independent,  (1). Onlyb.
about 15% of boxes are perfect, so the process needs a smaller spread, or a
centre moved towards the middle of the tolerance interval (1). The interval is not
symmetric about 30, so centring the process at 30.05 mm would also help.


