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Question 1.
A sample of 100 electrical components was tested by operating each component continuously until it
failed. The time to the nearest hour at which each component failed was recorded. The following
results were obtained:

(a)

Time (hours)

Number of components

0 to less than 500

15

500 to less than 600

28

600 to less than 700

36

700 to less than 800

13

800 to less than 1000

8

Calculate the mean and standard deviation of the time to failure. What does the standard
deviation tell us about the data set?

(b)

[10 marks]

Use an appropriate formula to estimate the value of the median. What does this value
represent?

(c)

(d)

[5 marks]

Using the graph paper at the centre of your exam booklet, draw a histogram for this
distribution.

[6 marks]

Use an appropriate formula to calculate the mode.

[4 marks]
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Question 2.
(a)

(b)

𝐴 and 𝐵 are two events for an experiment, if 𝑃(𝐴) = 3⁄5 and 𝑃(𝐵) = 11⁄20
(i)

Are 𝐴 and 𝐵 mutually exclusive events? Explain your answer.

(ii)

If 𝑃(𝐴 ∪ 𝐵) = 0.9, determine if A and B are independent events.

[4 marks]

Three cards are selected at random from a standard pack of cards, without replacement. What is
the probability that the cards contain:

(c)

(i)

Exactly one Jack

(ii)

At least one Jack

[5 marks]

Ten points lie on the circumference of a circle, how many possible triangles can be drawn
having these points as the vertices?

(d)

[2 marks]

Records show that, on average 7 out of 10 people recover from a particular disease after
receiving a certain treatment. If 12 people are treated for this particular disease, find the
probability that:

(e)

(i)

Exactly 8 people will recover.

(ii)

Less than 10 people will recover.

[7 marks]

The number of cars that a mechanic can service per day follows a Poisson distribution. If the
mechanic can service on average five cars per eight hour day, what is the probability that the
mechanic will service:
(i)

Exactly five cars during any given day?

(ii)

At least two cars in four hours?
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[7 marks]

Question 3.
(a)

With the introduction of private test centres the waiting time for driving tests has fallen. The
waiting times are found to be approximately normally distributed with a mean waiting time of
12.5 weeks and a standard deviation of 2.8 weeks.
Find the proportion of applicants who have to wait
(i)

more than 14 weeks

(ii)

between 10 and 14 weeks for a driving test.

(iii) How long will an applicant be waiting if they are among the 10% with the longest
wait?

(b)

[10 marks]

Transaction times at a post office have a negative exponential distribution with a mean
transaction time of 4 minutes.
Find the percentage of transaction times between 2 and 6 minutes.

(c)

[5 marks]

Given the data in the table below, approximate f (1.83) using a 3rd degree Newton-Gregory
interpolating polynomial.

xi

1.0

3.0

5.0

7.0

9.0

fi

0

1.0

1.61

1.95

2.20
[10 marks]
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Question 4.
(a)

65% of houses in a residential area have an alarm. It is found that 30% of the owners of the
alarmed houses have a dog and 42% of the owners of the non-alarmed houses have a dog
A house is selected at random. Calculate the probability that the house has a dog.
[5 marks]

(b)

The data in the table below relates the weekly maintenance cost (€) to the age (in months) of
seven machines of similar type in a manufacturing company.
Age

5

10

15

20

30

50

Cost

190

240

250

300

335

300

For this data:

 x  155 ;  y  1615 ;  xy  45275 ;  x

2

 5275 ;  y 2  448425

(i) Plot the data on a scatter diagram.

[6 marks]

(ii) Use the least squares method to find the regression equation of Cost on Age and plot
this line on the scatter diagram in part (i) of this question.

[8 marks]

(iii) Calculate the coefficient of correlation and comment on your answer

[5 marks]

(iv) Predict the cost of maintenance on a machine that is 25 months old.

[1 mark]
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Formulae
Descriptive Statistics
Mean:

∑𝑥

𝑥̅ =

Mode = 𝐿 + (

𝑛

𝑥̅ =

)𝐶

or

Mode = 𝐿𝑀 + 𝐶𝑀 (

𝐷1

𝐷1 +𝐷2

𝑛
2

( −𝐹𝑀−1 )

Median = 𝐿𝑀 + (

∑ 𝑓𝑥

or

𝑓𝑀

𝑓𝑀 −𝑓𝑀−1

2𝑓𝑀 −(𝑓𝑀−1 +𝑓𝑀+1 )

)

) 𝐶𝑀

Population standard deviation:

𝜎=√

Population standard deviation:

𝜎=√

Sample standard deviation:

Sample standard deviation:

Coefficient of Skewness =
Coefficient of Variation =

∑𝑓

𝑠=√

∑(𝑥−𝑥̅ )2
𝑛
∑ 𝑓(𝑥−𝑥̅ )2
∑𝑓

∑(𝑥−𝑥̅ )2

𝑠=√
𝑀𝑒𝑎𝑛−𝑀𝑜𝑑𝑒

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
𝜎
𝑥̅
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𝜎=√

or

𝜎=√

or

𝑛−1

∑ 𝑓𝑥 2 −

or

2
(∑ 𝑓𝑥)
∑𝑓

𝑓−1

𝑠=√

∑ 𝑥2
𝑛

− (𝑥̅ )2

∑ 𝑓𝑥 2
∑𝑓

∑ 𝑥 2−

− (𝑥̅ )2

(∑ 𝑥)2
𝑛

𝑛−1

Probability
Addition Law:

𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵)

Multiplication Law: 𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐴)𝑃(𝐵|𝐴)
Bayes′ Theorem:

𝑃(𝐵|𝐴) =

𝑃(𝐴|𝐵)𝑃(𝐵)
𝑃(𝐴)

Discrete Random Variables
𝐸(𝑋) = ∑ 𝑥 𝑃(𝑋 = 𝑥)
𝐸(𝑋 2 ) = ∑ 𝑥 2 𝑃(𝑋 = 𝑥)
𝑉(𝑋) = 𝐸(𝑋 2 ) − [𝐸(𝑋)]2

𝑃(𝑋 = 𝑟) = 𝐶(𝑛, 𝑟)𝑝𝑟 (1 − 𝑝)𝑛−𝑟

Binomial Distribution:
Poisson Distribution:

𝑃(𝑋 = 𝑟) =

Hypergeometric Distribution:

𝑒 −𝑚 𝑚𝑟
𝑟!

𝑃(𝑋 = 𝑟) =

𝐶(𝑀,𝑟)𝐶(𝑁−𝑀,𝑛−𝑟)

Continuous Random Variables
∞

𝐸(𝑋) = ∫ 𝑥𝑓(𝑥) 𝑑𝑥
−∞

𝐸(𝑋 2 ) = 𝑥 2 𝑓(𝑥)𝑑𝑥
𝑉(𝑋) = 𝐸(𝑋 2 ) − [𝐸(𝑋)]2
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𝐶(𝑁,𝑛)

Negative Exponential Distribution
𝑓(𝑥) = 𝑎𝑒 −𝑎𝑥 ,

𝐹(𝑥) = 1 − 𝑒 −𝑎𝑥 , 𝑅(𝑥) = 𝑒 −𝑎𝑥 , 𝐸(𝑋) =

Normal Distribution
𝑋 is 𝑁(𝜇, 𝜎) ⇒ 𝑍 =

𝑋−𝜇
𝜎

is 𝑁(0,1)

Regression and Correlation
𝑦 ′ = 𝑎𝑥 + 𝑏
𝑎=

𝑛 ∑ 𝑥𝑦 − ∑ 𝑥 ∑ 𝑦
𝑛 ∑ 𝑥 2 − (∑ 𝑥)2

𝑏=

∑𝑦 − 𝑎∑𝑥
𝑛

𝑟=

𝑛 ∑ 𝑥𝑦 − ∑ 𝑥 ∑ 𝑦
√(𝑛 ∑ 𝑥 2 − (∑ 𝑥)2 ). (𝑛 ∑ 𝑦2 − (∑ 𝑦)2 )
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1
𝑎

Interpolation
The Lagrange interpolating polynomial of degree 𝑛 that fits the 𝑛 + 1 data points
(𝑥0 , 𝑓0 ), (𝑥1 , 𝑓1 ), … , (𝑥𝑛 , 𝑓𝑛 ) is
𝑃𝑛 (𝑥) =
+

(𝑥 − 𝑥1 )(𝑥 − 𝑥2 ) … (𝑥 − 𝑥𝑛 )
𝑓
(𝑥0 − 𝑥1 )(𝑥0 − 𝑥2 ) … (𝑥0 − 𝑥𝑛 ) 0

(𝑥 − 𝑥0 )(𝑥 − 𝑥2 ) … (𝑥 − 𝑥𝑛 )
𝑓
(𝑥1 − 𝑥0 )(𝑥1 − 𝑥2 ) … (𝑥1 − 𝑥𝑛 ) 1

+⋯+

(𝑥 − 𝑥0 )(𝑥 − 𝑥1 ) … (𝑥 − 𝑥𝑛−1 )
𝑓
(𝑥𝑛 − 𝑥0 )(𝑥𝑛 − 𝑥1 ) … (𝑥𝑛 − 𝑥𝑛−1 ) 𝑛

The Newton-Gregory interpolating polynomial of degree 𝑛 evaluated at a specific 𝑥value 𝑥𝑠 can be written as
𝑃𝑛 (𝑥𝑠 ) = 𝑓0 + 𝑠∆𝑓0 +
+
where 𝑠 =

𝑥𝑠 −𝑥0
ℎ

𝑠(𝑠 − 1) 2
𝑠(𝑠 − 1)(𝑠 − 2) 3
∆ 𝑓0 +
∆ 𝑓0 + ⋯
2!
3!

𝑠(𝑠 − 1) … (𝑠 − 𝑛 + 1) 𝑛
∆ 𝑓0
𝑛!

and ℎ is the uniform spacing between the 𝑥 −values.
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