G1042 MATHEMATICS: STATISTICS FOR ENGINEERS

1. In a particular area, the weather each day is classified as wet or dry. If a day is dry, there
is a probability of 0.7 that the next day will also be dry. If a day is wet, the probability
that the next day will be wet is 0.6.

If Sunday is wet, find the probability that

(a) Monday, Tuesday and Wednesday are all wet, [5 marks]
(b) Wednesday is wet, [7 marks]
(c) if Wednesday is wet, then Monday was dry. [8 marks]

2. The lengths of a batch of widgets are distributed Normally. 6 % are longer than 5 cm, and
11 % are shorter than 4 cm.

(a) Show that the mean length of widgets is 4.441 cm and that the standard deviation of
the lengths of the widgets is 0.359 cm. [8 marks]
(b) For a randomly selected widget, find the probability that its length exceeds 5.2 cm.

[4 marks]

(c) In a sample of 100 widgets, find the probability that the mean length exceeds 4.5
cm. [8 marks]

3. Records show that the probability that a car will have a flat tyre while going through a
certain tunnel is 0.00004.

(a) If 100,000 cars go through the tunnel each year, write down the probability distribu-
tion of x, the number of cars with flat tyres in the tunnel each year. Write down the
mean and standard deviation of x, and calculate the probability that no cars have a
flat tyre in the tunnel in a particular year. [8 marks]

(b) Use the Poisson approximation to the binomial to estimate the probability that no
cars have a flat tyre in a particular year, and compare your answer with that in a).

[3 marks]

(c) Use the Poisson approximation to the binomial to estimate the probability that x > 5
in a particular year. [9 marks]

4. The stress X Newtons in an engineering component has the probability density function:
f(x) = kx*(10 — x) for 0 < x < 10
f(x)=0 elsewhere,
where k is a constant.
(a) Show that k = 0.0002 [6 marks]

(b) Find the mean and standard deviation of the stress in the component.  [10 marks]

(c) The component breaks if X > 9. Find the proportion of components that fail.

[4 marks]
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5. Aninvestigation of Hooke’s Law gave the following results for x, the tensile force in kilo-
Newtons applied to a steel bar, and y, the resulting elongation of the bar, in micrometres:

x| 1] 2] 3| 4, 5| 6
y | 103340 |63 |76 85

(a) Find the least squares estimate of the regression line of y on x. [8 marks]

(b) Predict the elongation when a) x = 4.7 and b) when x = 8.2. Comment on the
reliability of each of these estimates. By considering the behaviour of y when x is
small, show that this linear model fails for small x. [8 marks]

(c) Suppose that the units of measurement in the experiment are changed, to millimetres
and Newtons. Write down the equation of the regression line of Y(mm) on X(N).

[4 marks]

6. (a) In acceptance sampling, the following terms are used: Acceptable Quality Level,
Unacceptable Quality Level, Producer Risk and Consumer Risk. Briefly explain
each of these terms. [8 marks]

(b) In a certain production process, both risks are to be 0.05, the AQL is 0.01 and the
UQL is 0.08. Use the Acceptance Sampling Tables to find the sample size, and
conditions under which a batch should be accepted. [4 marks]

(c) In this case, what is the probability that a batch is accepted when the proportion of
defectives is 0.04? [6 marks]

(d) Briefly discuss the advantages and disadvantages of using a two-stage plan instead
of a single-stage plan for sampling. [2 marks]

3 End of paper
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