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MATHEMATICS: STATISTICS FOR ENGINEERS

You may attempt as many questions as you wish, but marks will be given for
the best FOUR answers only.

Time allowed: ONE hour.

Each question carries TWENTY FIVE marks. The numbers beside the questions
indicate the approximate marks that can be gained from the corresponding parts of
the questions.

Examination handout: Maths Dept Statistical Tables, Statistical Formulae(Engineering
Statistics)

1. Give the formula for the conditional probability of A being true, given that B is known to
be true. If A and B are independent what is the relationship between P(A) and P(A|B)? [2,3]

In a large country three types of light bulb are in use: incandescent (20%), fluorescent
(70%) and LED (10%). The percentage of the different types that fail within any given
year is incandescent: 40%, fluorescent: 10% and LED: 2%. Find the probability that

(a) a randomly selected bulb fails within the next year [10]

(b) if a failed bulb is selected at random, then it is fluorescent. [10]

2. A prototype digital display has a pixel defect rate of 1%.

(a) In a display of 1024 pixels, what is the probability of two or more bad pixels? [7]

(b) How low would the pixel defect rate have to be for a 50×50 display to have no more
than 50% chance of any bad pixels? [9]

(c) If the defect rate is reduced to 0.1% use the Poisson approximation to estimate the
probability of a 50 × 50 display having 5 or more bad pixels [9]
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3. Five randomly selected boxes of 100 same-size screws have the following weights (W) in
kilograms: 0.2076, 0.2061, 0.2004, 0.1941, 0.2047

(a) Find the sample mean and standard deviation of these box weights [9]
(b) Find a 95% confidence interval for the mean box weight, justifying any assumptions

that you make [10]
(c) If fifty boxes are sampled at random and weighed, roughly how wide would your

95% confidence interval for the mean screw weight be? [6]

4. The lifetime t (in years) of a given component has a probability density function

f (t) = k(1 − t)4

for 0 ≤ t ≤ 1 and zero otherwise, where k is a constant.

(a) Show that k = 5 [6]
(b) Sketch f (t) [4]
(c) Find the probability that the lifetime is less than half a year [6]
(d) Find the time T for which there is a 90% chance that the lifetime is greater than T . [9]

5. The table below shows x, the thickness of phenolic insulation on a solid brick wall, in cm,
and y, the measured heat loss rate as a percentage of that through an uninsulated wall:

x 2 3 4 5 6 7
y 27.3% 22.8% 19.7% 17.1% 14.2% 12.3%

(a) Find the least squares estimate of the linear regression line for y as function of x [12]
(b) Estimate the thickness of insulation required to reduce the heat loss through an unin-

sulated wall by 80% [7]
(c) Comment on the expected heat loss rate for very large and very small insulation

thicknesses, and whether the linear regression model is appropriate [6]

6. In a certain production process the proportion p of defective items is unknown, and a
one-stage sampling plan is currently in use: 50 items are selected from each large batch,
and the batch is accepted if less than two items out of the 50 are faulty.

(a) Find, in terms of p, the probability L1(p) that a batch is accepted under this plan. [6]
(b) It is suggested to switch to a two-stage plan: as before 50 items are selected, and the

batch is accepted if there are no faulty items and rejected if there are two or more
faulty items. If there is one faulty item, an additional 100 items are sampled and the
batch is rejected if more than two items in this second sample are faulty; otherwise
the batch is accepted. Calculate in terms of p the probability L2(p) that a batch is
accepted under this new plan. [10]

(c) Evaluate L1(p) and L2(p) for p = 0.01 and p = 0.05, and sketch L1(p) and L2(p) as
a function of p. Comment on the advantages and disadvantages of switching to the
two-stage plan. [9]
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