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image4.png
A company director decides to survey staff about changes to the company calendar. The
company has staff in 4 different job roles

72 managers, 108 drivers, 180 administrators and 360 warehouse staff.

The director decides to take a stratified sample.

(a) Write down one advantage of using a stratified sample rather than a simple random
sample for this survey.

@

(b) Find the number of staff in each job role that will be included in a stratified sample
of 40 staff.
()]

(c) Describe how to choose managers for the stratified sample.

?2)
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A factory produces shopping bags for a large supermarket chain. The breaking load of a bag is
the maximum load that it can carry before it breaks. The supermarket chain places an order for
50000 shopping bags but wishes to know the breaking load of the bags.

(a) Suggest two reasons why a census would be unsuitable for this purpose.

2

The factory tests five shopping bags and the loads required for the bags to break are shown
below:

17.89 kg 15.24kg 9.72kg 12.31kg 13.89 kg

(b) The factory claims that the shopping bags can carry 12 kg of goods without breaking. Use
the sample data to comment on this claim.

(6))
(¢) Describe any limitations to the sample the factory has collected.

(6))
(d) Suggest one way the factory could improve the reliability of its prediction.

@

(Total 7 marks)
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The following table summarises the times, # minutes to the nearest minute, recorded for a group

of students to complete an exam.

Time (minutes) 11-20 21-25 26 —-30 31-35 36-45 | 46-60
Number of students f 62 88 16 13 11 10
[You may use Xf? = 134281.25]
(a) Estimate the mean and standard deviation of these data.
®

(b) Use linear interpolation to estimate the value of the median.
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(¢) Show that the estimated value of the lower quartile is 18.6 to 3 significant figures.

@
(d) Estimate the interquartile range of this distribution.

@

(e) Give a reason why the mean and standard deviation are not the most appropriate summary
statistics to use with these data.
@
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The person timing the exam made an error and each student actually took 5 minutes less than the
times recorded above. The table below summarises the actual times.

Time (minutes) #

6-15

16 -20

21-25

26-30

31-40

41-55

Number of students f

62

88

16

13

11

10

(f) Without further calculations, explain the effect this would have on each of the estimates

found in parts (a), (b), (¢) and (d).

()
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The mark, x, scored by each student who sat a statistics examination is coded using

1.4x-20

¥
The coded marks have mean 60.8 and standard deviation 6.60.

Find the mean and the standard deviation of x.

(O]
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Data relating to the lifetimes (to the nearest hour) of a random sample of 200 light bulbs from
the production line of a manufacturer were summarised in a grouped frequency table. The
mid-point of each class in the table was represented by x and the corresponding frequency for
that class by f. The data were then coded using:

_(x-755.0)
T 25

and summarised as follows:
Zﬁ/:—467, Zﬁ/z =9179
Calculate estimates of the mean and the standard deviation of the lifetimes of this sample of

bulbs.
(Total 9 marks)
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A couple wish to go on a holiday sometime in July or August. They cannot decide whether to
visit Perth in Australia or Beijing in China. The weather will be a deciding factor. The box
plots show the daily mean temperature and daily rainfall for Perth and Beijing in July and
August 2015. Based on the box plots, state three observations that may help the couple decide
whether to spend their holiday in Perth or Beijing.
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Daily Rainfall for Perth and Beijing, July and August 2015
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Figure 2 is a histogram showing the distribution of the time taken in minutes, #, by a group of
people to swim 500 m.
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(a) Find the probability that a person chosen at random from the group takes longer than
18 minutes.

“@

(b) Estimate the probability that a person chosen at random from the group takes less than
30 minutes.

©)]
(Total 7 marks)
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Angle, a, (degrees) Number of students
55<a<60 6
60 <a<65 15
65<a<70 13
70<a<75 11
75 <a <80 8
80 <a <85 7

(¢) Use linear interpolation to estimate the size of the median angle drawn. Give your
answer to 1 decimal place.

@)

(d) Show that the lower quartile is 63°
@)

For these data. the upper quartile is 75°. the minimum is 55° and the maximum is 84°
An outlier is an observation that falls either

more than 1.5 = (interquartile range) above the upper quartile or

more than 1.5 = (interquartile range) below the lower quartile.

(e) (i) Show that there are no outliers for these data.

(ii) Draw a box plot for these data on the grid on page 3.
®)

(f) State which angle the students were more accurate at drawing. Give reasons for
your answer.

3)
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Each of 60 students was asked to draw a 20° angle without using a protractor. The size of
each angle drawn was measured. The results are summarised in the box plot below.

i e

0 10 20 30 40 50

size of angle

(a) Find the range for these data.
@

(b) Find the interquartile range for these data.
@

The students were then asked to draw a 70° angle.
The results are summarised in the table below.
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A travel agent sells flights

o different destinations from Southstead airport. The distance of
the destination from the airport is denoted d where d is measured in 100 km units so that d = 2.2
represents a distance of 22!

0 km. Values of d and the associated fare £f are recorded for a
random sample of 6 destinations.

Destination A B C D E F
d (100 km) 22 |40 |60 |25 |80 |50
& 18 20 25 23 32 28

(a) Using the axes opposite, complete a scatter diagram to illustrate this information.

2)
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(b) Explain why a linear model may be appropriate to describe the relationship between
fandd.

(O]
(c) State which of fand d should be considered the response variable.

(O]
(d) Use a line of best fit to estimate a fare £/ for a flight to a destination which is 700 km away.

2)
(e) Comment on the reliability of your estimate, giving a reason for your answer.

(O]

Jane is planning her holiday and wishes to fly from Southstead airport to a destination 180 km
away.

(f) State if it is sensible for Jane to estimate the fare of her flight using the scatter graph, giving
a reason for your answer.

(O]

(Total 8 marks)
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Sara was studying the relationship between rainfall, 7 mm, and humidity, /%, in the UK.
She takes a random sample of 11 days from May 1987 for Leuchars from the large data set.

She obtained the following results.

[ [ [ [ o [ o [ [ e [ o [

o o [ (e o o [ae [ u o oo [0

Sara examined the rainfall figures and found

0,=0.1 0,=09 0,=24
A value that is more than 1.5 times the interquartile range (IQR) above Q, is called an outlier.

(a) Show that 7= 20.6 is an outlier.

)
(b) Give a reason why Sara might:
(1) include
(1) exclude
this day’s reading.
(2)

Sara decided to exclude this day’s reading and drew the following scatter diagram for the
remaining 10 days’ values of 7 and /.
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(c) Give an interpretation of the correlation between rainfall and humidity.
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The equation of the regression line of 7 on / for these 10 days is 7 =—12.8 + 0.15h

(d) Give an interpretation of the gradient of this regression line.

(e) (1) Comment on the suitability of Sara’s sampling method for this study.
(i1) Suggest how Sara could make better use of the large data set for her study.
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A survey of the reading habits of some students revealed that, on a regular basis, 25% read

quality newspapers, 45% read tabloid newspapers and 40% do not read newspapers at all.

(a) Find the proportion of students who read both quality and tabloid newspapers.

(b) Draw a Venn diagram to represent this information.

A student is selected at random. Given that this student reads newspapers on a regular basis,

(¢) find the probability that this student only reads quality newspapers.

@A)

@A)

3
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A group of 100 people produced the following information relating to three attributes. The
attributes were wearing glasses, being left-handed and having dark hair.

Glasses were worn by 36 people, 28 were left-handed and 36 had dark hair. There were 17 who
wore glasses and were left-handed, 19 who wore glasses and had dark hair and 15 who were

left-handed and had dark hair. Only 10 people wore glasses, were left-handed and had dark hair.

(a) Represent these data on a Venn diagram.

©)
A person was selected at random from this group.
Find the probability that this person
(b) wore glasses but was not left-handed and did not have dark hair,

@

(c) did not wear glasses, was not left-handed and did not have dark hair,
@
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(d) had only two of the attributes,

(e) wore glasses, given they were left-handed and had dark hair.

2

3
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A bag contains 9 blue balls and 3 red balls. A ball is selected at random from the bag and its
colour is recorded. The ball is not replaced. A second ball is selected at random and its colour
is recorded.

(a) Draw a tree diagram to represent the information.

3
Find the probability that

(a) the second ball selected is red,

(©)
(b) both balls selected are red, given that the second ball selected is red.

?)
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A company assembles drills using components from two sources. Goodbuy supplies the
components for 85% of the drills whilst Amart supplies the components for the rest.

It is known that 3% of the components supplied by Goodbuy are faulty and 6% of those
supplied by Amart are faulty.

(a) Represent this information on a tree diagram.
(&)

An assembled drill is selected at random.

(b) Find the probability that the drill is not faulty.
(&)
(Total 6 marks)
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The discrete random variable X has probability function

k(2-x) x=0,1,2
P(X=x)=9 k(x-2) x=3
0 otherwise

where £ is a positive constant.

(a) Show that £ =0.25

2
Two independent observations X; and X, are made of X.
(b) Show that P(X; +X,=5)=0

@
(c) Find the complete probability function for X; +X,.

3
(d) FindP(1.3 <X, +X,<3.2)

2

(Total 8 marks)
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A fair coin is spun 6 times and the random variable T represents the number of tails
obtained.

(a) Give two reasons why a binomial model would be a suitable distribution for
modelling 7.

2
(b) Find P(T=5)

2
(c) Find the probability of obtaining more tails than heads.

2

A second coin is biased such that the probability of obtaining a head is i
This second coin is spun 6 times.

(d) Find the probability that, for the second coin, the number of heads obtained is greater
than or equal to the number of tails obtained.

@A)
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A fair coin is tossed 4 times.
Find the probability that

(a) an equal number of head and tails occur

(b) all the outcomes are the same,

(c) the first tail occurs on the third throw.

@)

&)

2)
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A manufacturer supplies MP3 players to retailers in batches of 20, which are randomly
selected. Long-term analysis shows that 5% of the players are faulty.

(a) Write down a suitable model for the distribution of the number of faulty MP3 players in a
batch giving the value(s) of any parameter(s).

@

(b) Find the probability that a batch contains no faulty MP3 players.
@

(c) Show that the probability of there being more than 4 faulty MP3 players in a batch is equal
to 0.0026 to 2 significant figures.

@
(Total 6 marks)
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A single observation x is to be taken from a binomial distribution B(20, p).
This observation is used to test Hy: p = 0.3 against H;: p # 0.3

(a) Under Ho: X~B(20, 0.3), using a 5% level of significance, find the critical region for this
test. You should state the probability of rejection in each tail, which should be less than 2.5 %.

(&)
(b) State the actual significance level of this test.
@

The actual value of x obtained is 3.

(c) State a conclusion that can be drawn based on this value, giving a reason for your answer.
2
(Total 6 marks)
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It is known from past records that 1 in 5 bowls produced in a pottery have minor defects. To
monitor production a random sample of 25 bowls was taken and the number of such bowls with
defects was recorded.

(a) Using a 5% level of significance, find critical regions for a two-tailed test of the hypothesis
that 1 in 5 bowls have defects. The probability of rejecting, in either tail, should be as close
to 2.5% as possible.

©
(b) State the actual significance level of the above test.
@

At a later date, a random sample of 20 bowls was taken and 2 of them were found to have
defects.

(c) Test, at the 10% level of significance, whether or not there is evidence that the proportion of
bowls with defects has decreased. State your hypotheses clearly.

™
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Linda regularly takes a taxi to work five times a week. Over a long period of time she finds the
taxi is late once a week. The taxi firm changes her driver and Linda thinks the taxi is late more
often. In the first week, with the new driver, the taxi is late 3 times. You may assume that the
number of times a taxi is late in a week has a Binomial distribution.

Test, at the 5% level of significance, whether or not there is evidence of an increase in the
proportion of times the taxi is late. State your hypotheses clearly.

(@]
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The height of a tennis ball above the ground can be modelled using the equation
h=1.7+0.18x—0.01x?%,

where /2 metres is the height of a tennis ball above the ground and x metres is the horizontal
distance travelled.

(a) Find the height of the tennis ball when it is

(1) struck,
2)

(ii) at a horizontal distance of 7 m.

@

To be called ‘in’ the tennis ball must hit the ground before it travels a horizontal distance
of 25 m.

(b) Will the tennis ball be called ‘in’?
O]

(c) The tennis ball is hit with an initial speed of 2 km min™!. Convert this into ms™.

(©)]
(Total 12 marks)
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The height of a pole vaulter above the ground can be modelled using the equation
1
h= 5(125x - 12x2) , where 5 metres is the vertical height of the pole vaulter and x metres is

the horizontal distance travelled after his feet leave the ground.

(a) Find the horizontal distance travelled when the pole vaulter lands.

©)]

(b) Given that the pole vaulter is at his greatest height halfway between leaving the ground
and landing, find the greatest height of the pole vaulter.
(©)]

For a jump to be successful, the pole vaulter must clear a bar of height 4.9 m.

(c) Calculate the range of horizontal distances from the bar that the pole vaulter can leave the
ground and have a successful jump.

(Y]
(d) State the effect in this model of
(i) modelling the pole vaulter as a particle,
(O]
(i) making air ressistance negligible.
(O]

(Total 15 marks)
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A stone is thrown vertically upwards with speed 16 m s™' from a point /# metres above the
ground. The stone hits the ground 4 s later. Find

(a) the value of 7,

3
(b) the speed of the stone as it hits the ground.

3
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A train moves along a straight track with constant acceleration. Three telegraph poles are set
at equal intervals beside the track at points 4, B and C, where 4B = 50 m and BC = 50 m. The
front of the train passes 4 with speed 22.5 m s7!, and 2 s later it passes B. Find

(a) the acceleration of the train,

3
(b) the speed of the front of the train when it passes C,

3
(c) the time that elapses from the instant the front of the train passes B to the instant it

passes C.

“@
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A ball is projected vertically upwards with speed 21 m s7! from a point 4, which is 1.5 m
above the ground. After projection, the ball moves freely under gravity until it reaches the
ground. Modelling the ball as a particle, find

(a) the greatest height above 4 reached by the ball,
3
(b) the speed of the ball as it reaches the ground,
3
(c) the time between the instant when the ball is projected from 4 and the instant when the
ball reaches the ground.

(O]
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A particle P passes through point 4 with velocity 2.8 m s and constant acceleration 0.12 m s™2.

Three seconds later a second particle O passes through A4 with velocity 2.4 ms™! and constant
acceleration 0.2 ms™2.

(a) Write down expressions for the displacements of P and QO from 4, in terms of #, where 7 s
is the time after P passed through 4,

@
(b) Show that, when the particles meet, 27> — 50— 315 = 0.
(©))
(c) Find the distance from 4 when the two particles meet.
O]

(Total 12 marks)
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image44.png
Figure 1 shows the speed-time graph of a cyclist moving on a straight road over a 7 s period.
The sections of the graph from 7 =0 to ¢ = 3, and from 7 = 3 to # = 7, are straight lines. The
section from 7 = 3 to =7 is parallel to the #-axis.

State what can be deduced about the motion of the cyclist from the fact that

(a) the graph from =0 to = 3 is a straight line,

@
(b) the graph from ¢ =3 to t =7 is parallel to the #-axis.

@
(¢) Find the distance travelled by the cyclist during this 7 s period.

(C))
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A car is moving along a straight horizontal road. At time 7 = 0, the car passes a point 4 with
speed 25 m s™'. The car moves with constant speed 25 ms™! until # = 10s. The car then
decelerates uniformly for 8 s. At time 7 = 18 s, the speed of the car is 7'm s~! and this speed is
maintained until the car reaches the point B at time =30 s.

(a) Sketch a speed—time graph to show the motion of the car from A4 to B.
(&)

Given that AB = 526 m, find

(b) the value of 7,

®)
(¢) the deceleration of the car between =10 s and 7= 18 s.

3
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A ball of mass 0.2 kg is projected vertically downwards with speed U m s7! from a point
A which is 2.5 m above horizontal ground. The ball hits the ground. Immediately after
hitting the ground, the ball rebounds vertically with a speed of 10 m s™!. The ball receives
an impulse of magnitude 7 N's in its impact with the ground. By modelling the ball as a
particle and ignoring air resistance, find

(a) the value of U.
©)

After hitting the ground, the ball moves vertically upwards and passes through a point B
which is 1 m above the ground.

(b) Find the time between the instant when the ball hits the ground and the instant when
the ball first passes through B.
(O]

(c) Sketch a velocity-time graph for the motion of the ball from when it was projected
from 4 to when it first passes through B. (You need not make any further calculations
to draw this sketch.)

)
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A racing car starts from rest at the point 4 and moves with constant acceleration.of 11 m s~ for
8s. The velocity it has reached after 8 s is then maintained for 7's. The racing car then
decelerates from this velocity to 40 m s™! in a further 2 s, reaching point B.

(a) Sketch a velocity—time graph to illustrate the motion of the racing car. Include the top
speed of the racing car in your sketch.

®)

(b) Given that the distance between 4 and B is 1404 m, find the value of 7.
3)
(Total 8 marks)
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Three forces, (15i + j) N, (5¢i —pj) N and (—3pi — ¢j) N, where p and ¢ are constants, act
on a particle. Given that the particle is in equilibrium, find the value of p and the value
of gq.

(6)
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[In this question i and j are horizontal unit vectors due east and due north respectively|
Two forces F, and F, act on a particle P of mass 0.5 kg.

F =(4i-6j) Nand F, = (pi + gj) N.

Given that the resultant force of F, and F, is in the same direction as —2i —j,

(a) show that p —2¢g =-16

Given that ¢ =3

(b) find the magnitude of the acceleration of P,

(c) find the direction of the acceleration of P, giving your answer as a bearing to the
nearest degree.
)
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A boat travels from 4 to B and then from B to C. The displacement from 4 to B
is (—28i + 80j) m. The displacement from B to C is (130i + 15j) m.

(a) Find the total distance the boat travelled in moving from 4 to C.

“@

(b) Find the angle the vector AC makes with the unit vector i.
@
(Total 8 marks)
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A car is towing a trailer along a straight horizontal road by means of a horizontal tow-rope.
The mass of the car is 1400 kg. The mass of the trailer is 700 kg. The car and the trailer are
modelled as particles and the tow-rope as a light inextensible string. The resistances to motion
of the car and the trailer are assumed to be constant and of magnitude 630 N and 280 N
respectively. The driving force on the car, due to its engine, is 2380 N. Find

(a) the acceleration of the car,
3)
(b) the tension in the tow-rope.

3

When the car and trailer are moving at 12 m s7!, the tow-rope breaks. Assuming that the
driving force on the car and the resistances to motion are unchanged,

(c) find the distance moved by the car in the first 4 s after the tow-rope breaks.
©)
(d) State how you have used the modelling assumption that the tow-rope is inextensible.

@
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A lift of mass 250kg is being raised by a vertical cable attached to the top of the lift. A
woman of mass 60kg stands on the horizontal floor inside the lift, as shown in Figure 3.
The lift ascends vertically with constant acceleration 2ms—. There is a constant downwards
resistance of magnitude 100 N on the lift. By modelling the woman as a particle,

(a) find the magnitude of the normal reaction exerted by the floor of the lift on the
woman.

3

The tension in the cable must not exceed 10 000 N for safety reasons, and the maximum
upward acceleration of the lift is 3ms2. A typical occupant of the lift is modelled as a
particle of mass 75 kg and the cable is modelled as a light inextensible string. There is still
a constant downwards resistance of magnitude 100 N on the lift.

(b) Find the maximum number of typical occupants that can be safely carried in the lift
when it is ascending with an acceleration of 3 m s~

7
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Figure 3
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A particle P moves on the x-axis. The acceleration of P at time ¢ seconds, >0,
is (3¢ + 5) ms2 in the positive x-direction. When ¢ = 0, the velocity of P is 2 ms™' in the
positive x-direction. When ¢ = T, the velocity of P is 6 ms™' in the positive x-direction.
Find the value of 7.

(6)
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A particle P moves along the x-axis. At time ¢ seconds the velocity of P is vms™ in the
positive x-direction, where v = 32 — 47 + 3. When 7 = 0, P is at the origin O. Find the
distance of P from O when P is moving with minimum velocity.

)
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A particle moves along the x-axis. At time ¢ = 0 the particle passes through the origin with
speed 8 m s7! in the positive x-direction. The acceleration of the particle at time  seconds,
t>0, is (42 —12f) m s in the positive x-direction.

Find

(a) the velocity of the particle at time # seconds,

(&)

(b) the displacement of the particle from the origin at time # seconds,

2

(c) the values of 7 at which the particle is instantaneously at rest.

(€)]
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A car starts from the point 4. At time s after leaving A, the distance of the car from A4 is s m,
wheres =30r—0.47>, 0 < < 25. The car reaches the point B when 7= 25.

(a) Find the distance 4B.

2

(b) Show that the car travels with a constant acceleration and state the value of this
acceleration.

(&)

A runner passes through B when ¢ = 0 with an initial velocity of 2ms™ running directly
towards A. The runner has a constant acceleration of 0.1 ms™2.

(c) Find the distance from A at which the runner and the car pass one another.
®
(Total 13 marks)
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A mobile library has 160 books for children on its records. The librarian believes that
books with fewer pages are borrowed more often. He takes a random sample of 10 books
for children.

(a) Explain how the librarian should select this random sample.

2)
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(a) State two reasons why stratified sampling might be a more suitable sampling method
than simple random sampling.
2)

(b) State two reasons why stratified sampling might be a more suitable sampling method
than quota sampling.
2)




image3.png
An online newspaper has a large number of readers, some of whom subscribe to extra content
that can only be viewed if they pay a monthly fee. Based on reviews on the newspaper’s
website, the editor of the newspaper believes that an additional publication could be introduced.
Before making this change the editor decides to carry out a sample survey to obtain the opinions
of the readers. He uses only those members who subscribe to the additional content.

(a) Define the population that would be generally associated with the newspaper.

@
(b) Suggest a suitable sampling frame for the survey.

@
(c) Identify the sampling units.

@

(d) Give one advantage and one disadvantage that would have resulted from the editor using
a census rather than a sample survey.

(6))
As a pilot study the editor took a random sample of 25 subscribers.

(e) State two sources of uncertainty that could occur with sampling.
(6))
(Total 7 marks)




