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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 (Engin-
eering Statistics)

1. Give the formula for the probability of both A and B being true, in terms of P(A) (the
probability of A), and P(B|A) (the conditional probability of B given A). If A, B and C
are all independent, what is the probability of A and B and C all occurring? [2,3]

A box contains six nearly-identical machine parts: two made by company A, three made
by company B and one made by company C. Every day a random part is taken from the
box, and replaced at the end of the day if it is not used. On any given day the probability
of needing a part is 1/3 (which is independent between days).

(a) What is the probability of not needing a part for the first three days? [4]

(b) If parts are used on the first two days (and therefore not replaced at the end of each
day), what is the probability they were both made by the same company? [8]

(c) If parts by the same manufacturer were used on the first two days, what is the prob-
ability that they were both made by company A? [8]
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2. In a given population, 10% of people lie when answering polling questions.

(a) If 12 people are questioned, what is the distribution of X, the number of people who
lie? What is the probability that X = 2? [9]

(b) A polling company asks 1000 people from the population a question and they all
answer it. Use the Normal approximation to find the probability of having more
than 100 responses that are lies. [12]

(c) If close to 90% of people polled say they prefer A to B, explain whether this is more
likely when the proportion of people really preferring A to B is greater than 90% or
when the true proportion is less than 90%. (assuming people always have and give
a preference one way or the other) [4]

3. Flaws in a cable introduce unwanted noise. Flaws occur independently at random with an
average frequency of 0.001 per meter of cable.

(a) Write down the probability distribution of X, the number of flaws in one kilometer
of cable [4]

(b) What is the probability of having three or more flaws over 2.5 kilometers of cable? [11]

(c) Use the Normal approximation to estimate the probability of having more than 90
flaws along a 100km cable. [10]

4. The lifetime t (in days) of a fragile component has a probability density function

f (t) = 2(1 + t)−α

for t > 0 and zero otherwise, where α is a constant with α > 1.

(a) Show that α = 3. [7]

(b) What is the probability that the lifetime is more than 2 days? [5]

(c) Find the mean lifetime. [9]

(d) Sketch f (t). Do you expect the mean lifetime to be smaller or larger than the median
lifetime? [4]
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5. The table below shows t, the time after setting up an experiment in partial vacuum (in
days), and y the measured pressure in the vacuum (in Pascals):

t 0 1 3 5 8 12 20 40
y 0.73 0.96 1.02 1.05 1.06 1.14 1.21 1.38

(
∑

t = 89,
∑

y = 8.55,
∑

t2 = 2243,
∑

y2 = 9.3891,
∑

ty = 110.83,
S tt = 1252.9, S yy = 0.2513, S ty = 15.71212)

(a) Find the least squares estimate of the linear regression line for y as function of t, and
estimate the expected pressure at t = 15. [9]

(b) It is suggested that during the first day (t < 1) pockets of air in the walls of the
experiment leak their air into the vacuum, increasing the pressure, in which case
the first day is atypical. Calculate the regression line ignoring the measurement for
t = 0, and find a new estimate for the expected pressure at t = 15. [10]

(c) Using all the points, the variance of y about the fitted line is σ̂2 ≈ 0.009. Ignoring
the first point gives σ̂2 ≈ 6 × 10−4. Using these values, by what factor smaller,
approximately, is the 95% confidence interval for the prediction of the mean value
at t = 15 if the first point is ignored? [6]

6. A component is assumed to have failure rate ν that is independent of time so that the p.d.f.
for the time till failure is f (t) = νe−νt.

20 components are tested for 7 days: 4 components failed with failure times of 1, 3, 6, 4
days, and 16 remained working at the end of the test. The failure rate can be estimated
using

ν̂ =
n f∑

i ti

where n f is the number that failed, and failure times are ti, with ti = 7days for components
that were still working at the end of the test.

(a) Estimate the failure rate ν of the component [8]

(b) Estimate the mean time till failure [4]

(c) Estimate the fraction of new components that would still be working after 60 days. [9]

(d) If the failure rate actually increases with time, would you expect the number working
after 60 days to be higher, lower or the same? [4]
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