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Using this book

This book has been created to help you prepare for your exam by familiarising yourself with

the approach of the papers and the exam-style questions. Unlike the exam, however, all of the
questions have targeted hints, guidance and support in the margin to help you understand how to
tackle them.

All questions also have fully worked solutions shown in the back of the book for you to refer to.

You may want to work through the papers at your own pace, to reinforce your knowledge of the
topics and practise the skills you have gained throughout your course. Alternatively, you might ..
want to practise completing a paper as if in an exam. If you do this, bear these points in mind:

* Use black ink or ball-point pen. )

> Answer all questions and make sure your answers to parts of questions are clearly labelled.

» Answer the questions in the spaces provided — there may be more space than you need.

* In a real exam, you must show all your working out in order to get full credit.

> You may use a calculator in both Paper 1 and Paper 2, but it must not have functions for
algebra, differentiation and integration, or have retrievable formulae.

* Diagrams are not accurately drawn, unless otherwise indicated in the question.

* The marks for each question are shown in brackets. Use this as a guide to how much time to
spend on each question.

Paper 1: Pure Mathematics

 The total number of marks available for each Paper 1: Pure Mathematics is 100.

~* You have 2 hours to complete Paper 1.

Paper 2: Statistics and Mechanics

« The total number of marks available for each Paper 2: Statistics and Mechanics is 60.
* You have 1 hour 15 minutes to complete Paper 2.

! L (Total for Question 1 is 6 marks)

Paper 1: Pure Mathematics

Answer ALL questions. Write your answers in the spaces provided.
1 Solve the simultaneous equations

2x+y=23
¥+ yr=18

(Solutions based entirely on graphical or numerical methods are
not acceptable.)
v ®)

i

Set A laper L
Pure Mathematics
FAPl Revision Guide |
page 9.

Rearrange the first
equation so that yis

a function of x. Then
substitute this into the
second equation.

Form a quadratic
equation in terms of x
then solve using any
technique. In this case
you should be able to
solve the equation by
factorising.

Put your solutions

for x back into the

first equation to get
matching solutions for y.

&

Don't forget to check
that your values for

x and y work in both
equations.
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Multiply out and
rearrange to solve
for x.

[ mint Q2

Remember to reverse
the inequality if you
multiply or divide by a
negative number.

 sint Q2B

Ignore the inequality
to begin with. Set the
guadratic expression
equal to O and factorise
in the usval way to find
two solutions for x. You
can either use a graph
to decide where the
inequality is correct

or substitute a value
between your solutions
to see if the inequality
works. The coefficient
of »? is positive, so if
it does work, then you
have a < x < b; if not,
itsx<aand x> b.

For part (c), combine
your answers to the
first two parts on a
number line and check
your solution works for
both. Try a number of
values that are spread
across both inequalities
to check.

(

2 Find the set of values of x for which

(@ 2(3x—1)>2—2x

(2)
(b) 2x2—11x+12>0

(4)
() both2@x ~1)>2 —2xand 2¥* — 11x + 12> 0

(2)

(Total for Question 2 is 8 marks)

(

3+yV24
3-V6
where 4, b and ¢ are integers.

3 Show that can be written in the form a + bve

(5)

B (Total fbr Question 3 ié .5 Iﬁarks)

~
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Uy page 8

i

You can make your
working easier

by simplifying any
surds. Then multiply
the numerator and
denominator by a
suitable expression to
remove the surd part in
the denominator.

@
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LEERN IT! )

For y = f(x + 1) the
transformation is inside
the brackets. Move the
graph one unit to the
left.

LEARN IT!

For y = f(—x) the
transformation is inside

the brackets. Reflect in

the yaxis.

LEARN IT! |

For y= %f(x) the

transformation is
outside the brackets.
Divide all the
y-coordinates by 2.

[

4 Figure 1 shows a sketch of the
curve y = f(x). The curve passes
through the y-axis at (0, 7) and
the x-axis at (8, 0), has a
minimum point at (—4, 5) and
a maximum point at (1, 8).

On separate diagrams, sketch the
curves with the given equations,
showing clearly the coordinates of
any turning points, and the points

at which the curve meets the coordinate axes.

(@) y=1fx+1)
®) y=£—x)

@ y=1iw

(3) |
l

YA
(1, 8)
7
(—4,5)
(6] 8 X
Figﬁxe 1
(3)
3)

5 Relative to a fixed origin O, the point A has position vector (i + j),
the point B has position vector (2i — 3j), and the point C has position
vector (4 — 11j).

—
(a) Find the magnitude of the vector OC.

2
—
(b) Find the angle that OB makes with the vector i.
@
(¢) Show that the points A, B and C are collinear.
* ) @

(Total for Question 5 is 8 marks)

Y,
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lg’ P pages 33,34 |

e e

“Hint Q53
Use Pythagoras.

“ Hint Q5b.’

B =y
Show the vector OB
on a sketch and make

it into a right-angled
triangle. Find the
angle between the
hypotenuse and the
x-axis.

For part (c) find ﬂq
vectors —A_BL and BC
(or ZE would work
just as well). If they

are ggﬂ'mear then —A_é
and BC will be multiples
of the same vector
Remember to state
that the line segments
have a point in common
otherwise you are
showing that the
vectors are parallel
rather than that the
points are collinear

—
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If you see the words
‘stationary points’,

i ‘maximum’ or ‘minimum’
; it's very likely that you
. are going to need to
T differentiate.

1
. @

To find the stationary
points, differentiate and

dy
set — = O. Solve the

dx
‘equation to get the
x-values. Substitute
these back into the
original equation to
get the corresponding
it values for y.

foi To determine the
nature of the stationary
points you will need

to differentiate for a
second time, finding
d2y

dx’

LEARN IT! |

: Y <0 i
2 =Y
dx2 maximum

d2y>o .
dx2 = minimum

|

%

6 The curve C has equation
Y=2x—32+7

Find the coordinates of the stationary points of the curve and
determine the nature of each of them. |
(Solutions based entirely on graphical or numerical methods are not |
acceptable.)

(7)

(Total for Question 6 is 7 marks) J

7 Solve the equation 3* + 9 =6, x e R

by using a substitution to find x.

Set A Paperl
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p—
Eaemat

(5)

9 = 32 s0 change 9*
into 32 Now let y= 3%
and form a quadratic
that can be factorised
to find y.

Once you have found y
you can substitute 3*
back into the solutions
and vse logarithms
(either base 3 or
natural logarithms) to
find x. In this question
there is only one
solution.

(Total for Question 7 is 5 marks)

J
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Find f(—3). Show
every step of your
substitution clearly to
get both marks.

Hint 08b.

Divide f(x) by (x+ 3)
to get a quadratic
and then factorise this
quadratic to get the
remaining two factors.

[ e
8 (a) Use the factor theorem to show that (x + 3) is a factor of 9 Solve for 0 < 0 < 360°, the equation
4x3 + 8x2—15x -9 c0526=~\/‘E
(2) 2 3)
(b) Factorise 4x® + 8x* — 15x — 9 completely.

@)
| R
!

..... ' . ' . o
(Total for Question 8 is 6 marks) i (Total for Question 9 is 3 marls)
S j; & e

]
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As it's 20 don't forget
to write down

cos“(\—/g) for

0O=<20=<720°

When you find solutions
for 20, make sure

you divide by 2 to
give solutions for 6

as required in the
question.
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10 Given that f(x) =3x -2+ % " 11 (a) Find the first 3 terms, in ascending powers of x, of the binomial
2

APl Revision Guide |

Revision Guide

o TR expansion of X L
1: -y P3ge 45 Iz 27 43 pages/24; 25
S| y = showthatf f)de == - == ; (2 — 3x) R AR |
!‘ i e 2. 3 @
L m j giving each term in its simplest form. Hint Qlla
3 ' @ B
X ; Change iz to 4x2 ! Be extra careful with
L before yzu integrate. o o (b) Explain how you would use your expansion to give an estimate negative terms. Always f
| | o : for the value of 1.945. write every part of ;
i wans g v B o ® each term in brackets
! m ' i * before you start to 4
i E Cee - : ~ work it out. {
| ’;} Simplity /T2 to 2/3 R SRR ; : |
]!11( at any point of the i - |
Bt solution and rationalise o R o ’ _ Hint Qllb ) !
any surds in the e NS
i denominator. T o o L E ; i 2 —3x=194
i.;:! i
i
il
|
: |

(Total for Question 11 is 5 marks)
A\ .

|
! “:: 10 | ‘ 1

(Total for Question 10 is 4 marks)
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For any question that
says ‘prove that’ or
‘show that’, always
show every step of
your working. You
should explain what
you are doing at each
stage and your last line
of working should be
the statement that was
to be proved.

Use the discriminant.

12

-

12 Prove that the roots of the equation x* — 2px + p>— 4> = 0 where p
and g are constants, are real.

@) -

(Total for Question 12 is 3 marlks)

13

21m.
3m

Not drawn to scale

4m

A student was asked to find the value of cos x in terms of 7 from

the triangle in the diagram.

The student’s attempt is shown below:

2m2 = 4m?+ 3m?*— 2 X 4m X 3mcosx

—5m? = —24mcosx

5m

CcCOosSX = _2-4-

() Identify the errors made by the student.

(b) Find the correct value of cosx.

(c) Use this value to find an exact value for sinx.

(3)

@)

A

_/

Set & Faper 1 ]
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il Revision Guide.
page 27~ iy

Think about how you .
would work out the
answer yourself, then
compare this method
with the sample answer
. given.

Draw a right-angled
triangle with lengths
corresponding to
cosx on the adjacent
and hypotenuse. Use
Pythagoras to find
the opposite and then
use this to find sinx.
An exact value will
include a surd for this
question.

13




Use the formula for
differentiation from
first principles given in
the formulae booklet.
You need to state
what happens to the
expression as h—0,
and write down the
result you have proved.

—- Set A  Paper 1
! N Pure Mathematics
14 Prove, from first principles, that the derivative of + is — L _ 3 15 Ahollow container in the shape st ) R T
x x® @ of a cuboid has a base that A i - Revision Guide |
measures 3xcm by xem. The 1?@ page 41 -
[Lior e ——

—————

(Total for Qﬁesﬁc;n 14 is 4.1ﬁa£1(s) J

container doesn’t have a top
and has a height of ycm. The
external surface area is 200 cm?.

(a) Show that the volume, Vem?,
of the container is given by

_ 9x°
% V =75x— e
4)
(b) Given that x can vary, find the maxdmum value of V to the
nearest cm®and justify that this value is a maximum. )
@)

(Total for Question 15 is 11 marks)

Modelling

For part (a), form an
equation from the
surface area information
with y as the subject.
Form an equation for V
in terms of xand yand
then substitute in for y.

In part (b), you will
need to differentiate
to find the maximum
value. Dor’t forget to
differentiate a second
time to show that it’s a
maximum.

LEARN IT!

Justify means give
reasorns.

J

~

15
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In part (a), you will
need to use |n (natural
logarithms) to find k.

" Hint Q16c_

Think about what
happens as ttends to

infinity.

LEARN IT!

d(e®

dt
This is a standard
differential.

= kek

16 The total sales of a new novel in thousands of bools, B, t months
after release are modelled by the formula

B = 50(1 — e¥)

In the first month it is estimated that 10000 books are sold.

(@) Find k.
(3)
(b) How many books do the publishers expect to sell in the first
5 months?
(2)
(c) Show that, according to this model, no more than 50000 copies
will be sold in the lifetime of the book.
2)
(d) Show that the rate of sales of the book after t months is given
by %?— = AeM, where A is a constant to be found to
3 significant figures.
(2)

(Total for Question 16 is 9 marks)

Paper 2: Statistics and Mechanics
SECTION A: STATISTICS

. . Answer ALL questions. Write your answers in the spaces provided.

prob'lb]hlles that a randomly chosen

1 The Venn dlagrm shows the
part in basketball and cricket.

! student at a college will take

B represents the event that a student takes part in basketball.

¢ represents the event that a student takes part in cricket.

xand y are probabilities.

G

| 0.12

The events B and C are statistically independent,

(a) Write down the probability fhat a student plays cricket.

(b) Find the values of xandy.

TOTAL FOR PAPER.IS 100 MARKS )

16

(Total for Question 1 is 5 marks)

Set A Paper 2
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Revisioh'Gﬁiﬂé ‘
“pages '(1=;72 i

Use the rule and solve
for x.

@

!

—

17
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i ?E‘a
i ‘ |ﬂ::-i:?_f@

LEARN IT!

In a systematic sample,
elements are chosen at
regular intervals.

¥ Foblern solvin)

| You need to be familiar
k with the large data set,
LT though you won't need
} f to remember exact
it values from it.

BN @

Use the formulae for
the mean and standard
|-~ deviation and give your
| answers to 3 s.f

Il roEBRNITY)

Mean = %(

Standard deviation

2 Pucy is invesligating the daily minimum temperature for Leeming
in the months of May to August (inclusive) 2015.

She uses the large data set for her investigation.

(a) Describe how Lucy can take a Systematic sample of 30 days.

®

(b) Frfjm your knowledge of the large data set, explain why this
might not give Lucy a sample of size 30.

i
@ |
The data Lucy collected are summarised as follows: |

n=30 Dox =248 x? = 2361

(c) Calculate the mean and standard deviation of Lucy’s sample.
(3)

s'
|
H
!
i

(Total for Question 2 is 7 marks)

w

A company requires applicants for jobs to take an aptitude test.
The possible outcomes are: pass, fail, be retested. The probabilities
for these outcomes are:

P(pass) = 0.3 P(fail) = 0.5 P(be retested) = 0.2

An applicant can be retested twice. If they do not pass after being
retested twice, they are rejected.

T}m probabilities for the outcomes with the first retesting are:
P(pass) = 0.3

P(fail) = 0.5 P(be retested) = 0.2

The probabilities for the outcomes with the second retesting are:

P(pass) =0.4  P(fail) = 0.6
(a) Draw a tree diagram to illustrate these outcomes. -
> 3)
(b) Find the probability that a randomly selected applicant is
accepted.
()]

(c) Three friends apply for jobs with this company. What is the
probability that two of them pass at the first attempt and one of

them at the final attempt?
3

(Total for Question 3 is 8 marks)

%

Set A Paper 2

Statistics and Mechanics

This will be 2 3-stage
tree but the 2nd

and 3rd stages only

follow the ‘retested’

branches.

_ Hint Q3b_
There are three ways
an applicant can be
successful. Work out
each probability and
add them together

[ stint Qc

Be careful — consider
how many ways this can
be done.

19
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. )
4 A coffee shop provides its customers with wi-fi. (¢ 'H.l.nt Q4e. )

The probability that a randomly selected customer uses this wi-fi Add the probabilities

Wt 2d) is 0.4. Twelve customers are selected at random. - from your critical region.
ik
] oy | T . e e e

,t ,.‘Hl ‘ ‘Hint Q4a (a) Give two reasons why the number of customers in the sample ’

| o e ol who use wi-fi can be modelled using a binomial distribution. ' L @

: ‘L‘ : You need to know when @) F . o

il il a binomial distribution . Look at how the value
! ” i can be vused. (b) Find the probability that at least six of the customers in the ks b R relates to the critical
L sample used the wi-fi. region.

(2)

Use the binomial

probability distribution
to express the

Another branch of this coffee shop also provides its customers with !
free wi-fi. The manager suspects that the probability of a customer
using this facility may be different from 0.4. A random sample of

20 customers is selected.

Modelling

Always interpret your

i . answers in the context
problem to be solved :

T SRR I s o of the question. Dor’t
In terms of clearly i (c) Write down the hypotheses that should be used to test the i just leave them as
defined mathematical- managet’s faeory: @ '1 L RS R 55 8 % : s AR L expressions involving

statements. Finding the
critical region enables
you to comment on
actual outcomes.

mathematical symbols.

(d) Using a 10% level of significance, find the critical region for a
two-tailed test to investigate the manager’s theory. You should |
state the probability of rejection in each tail, which should be |
less than 0.05. !

. (e) Find the actual significance level of the test based on your
\:;rr'_z‘:_l :;\’:2 ;:3 are critical region from part (d).

, B ()
going to use. _

One morning, the manager finds that 11 out of 20 customers are

using the wi-fi.
Be caretiil. THs'is a (f) Comment on the manager’s theory in light of this observation.
y .
two-tailed test. w

“Hint Q4d

5% in each tail. n = 20, |
p = 0.4. Look for S Hue BE Do Do L Coe e
probabilities < 0.05 ' ‘

w . I g C P ' : o o L (Total for Question 4 is 10 marks)
‘\{} J

’ _/
21
|h. : n . i




SECTION B: MECHANICS 6 Aparticle moves-along the x-axis with velocity vms™.

vk m g o Set& Paper 2
Statistics and Mechanics ( ' N Statistics and Mechanics
) E

0

i Revision Guide |

_Réviéion Guide

page &1 b Answer ALL questions. Write your answers in the spaces provided. At time t seconds, the velocity of the particle is given by % 5 B A G
Unless otherwise indicated, whenever a numerical value of g is o = 35t — 1082
m required, take ¢ = 9.8ms~2 and give your answer to either 2 significant . s . .
figures or 3 significant figures. The positive direction is in the sense of increasing x.
Label your sketch with ) ) o You are given an
the given information. 5 A particle moves in a straight line. At time £ = 0, the velocity is | Ei.nd the distance travelled between the times when the particle is expression for vin
Time goes on the ums™™. The particle then accelerates with constant acceleration to Instantaneously at rest. terms of tbut the
horizontal axis. 1Ims™in 3s. ] ®) question asks for
HE ¢ > distance travelled,
il The particle maintains this velocity of 11ms™ for another 10s. : e Ginnls . e o with certain conditions
| m . ! ' applied, so you need
Thes s o & It then decelerates with constant deceleration to restin a further 2s. | to work out 2 strategy.
vcloclty—.hrne‘ graph (a) Sketch a velocity—time graph to illustrate the motion of the L R T T o e e -
represents distance, ; g
particle. ! : @
GBI s semass o e e e o e s s I
(b) If the total distance travelled is 148m, work out the value of u. | ) . o L ) the distance (by

3)/ . integration) until you
i first work out the times
when the particle is
instantaneously at rest.

(Totalvfor Question 5 is 6 marks) (Total for Question 6 is 5 marls)

A ' P — J
. j 23
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7 A caris driven with constant acceleration, ams™2 along a straight 8 Ablock A of mass 4kg

Revision Guide

Set A Paper?2
Statistics and Mechanics e

Set A Paper 2
Statistics and Mechanics
I E 3 3 2

7 road. is held at rest on.a A (4kg) P
gFagco0aes rough horizontal table. )
y Its speed when it passes a road sign is ums™.
. — ] It is attached to one end
‘ Hlnt‘QflAal , In the first 3 seconds after passing the sign, the car travels 36 m. of a light inextensible
) ) . i string. B
Use appropriate suvat 5 seconds after passing the sign, the car has a speed of 26 ms™. B (2kg) Put in all the forces
formulae to set up two : £ the blocks.
. : : The st asses over a Aacking on, vic Blocks;
simultaneous equations (a) Write down two equations connecting 2 and u. Hence find the seaall siggjth p?lll?ayllJ 3m then use Newtor’s 3rd
in a and v. values of 2 and u. ‘ fixed at the edge of the law for both particles
®). table. 7 Y 7 and solve for a.
Find ¢ ; ) : ;. i
@, ®) afnt:‘;r itlgssost\i c;ise’cglgcihavelled by the car in the first 5 seconds | Theother end of the string is attached to a block B of mass 2kg,

hanging freely below P and with B at a height of 3m above the

You know v, t and a, (Z)fi horizontal floor.

and you need to find s. Label your diagram with

all the forces acting
on the two blocks.
The pulley is smooth,
so the tension in the
| . string is the same

% A and B are modelled as particles. on each side of the

‘ ’ pulley. Once B has hit

The system is released from rest with the string taut. _

The resistance to the motion of A from the rough table is modelled
as having constant magnitude 14.8N.

|
| (a) Show that the acceleration of B is 0.8 ms™.
|

l : 3) the floor you will need
i § : to re-visit the forces
1 I "

E:“' : - 5 o8 _ o » o : (b) Calculate the tension in the string. acting on A.

if @

(¢) Calculate the speed with which B hits the floor. M°d911i?‘g

@)

Initially the blocks are
connected by a light
inextensible string and
they are modelled as

Block A never reaches the pulley at the edge of the table.

(d) After B has hit the floor, calculate the further distance A travels

il : e R S before coming to rest. particles.
il i . @)
: I ] (e) State how, in your calculations, you have used the fact that the . :
i J tring is inextensible. e
A | String 18 nextensibie O Substitute to find T.
i l:: ‘ “
L L e e e e e i e S S L S
(Total for Question 7 is 7 marks) |
! S

24 25
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e :
i Hint O8¢c - S ce e e S aper 1: Pure Mathematics i T
:,| Hint Q8¢ _ : Pap M %?::'r,';z;g‘ Revision Guide *
Al R @ > e
I |: ) A suvat equation is e o . - : . - Answer ALL questions. Write your answers in the spaces provided. L& j@ page 1_ |
S needed here. ! .
| i ‘ ; ‘1 (a) Express27%**in the form 9", giving m in terms of k.
i ’ OB sint Ola
T -
. - )
N ﬂ o e (b) Find the value of # in the equation Start by W”t‘:'a 2:
L In part (@), you must - n o NBES... w @ cw % FEe . S an | g 58 [EREROT Sy iRy
e find the deceleration R 2 write 3 as a power
eI ! of Abeforeyovean | ! . (3) of 9.
L use the appropriate
! swat equation. Think |
I about the forces acting ' ;
a on A after B hits the L . . . . . ) ) ; Co B : " o B 2 Change 8, 4 and 32
| floor and the string ¢ into powers of 2.
i" becomes slack. . S : =% g 8 ¥ ows o mw W W
PR int Qe
i o
”' i Think back to the
il original motion of the
i blocks. ;
i
|
i
g .
i
| [
H
(Total for Question 8 js 12 marks) ’
TOTAL FOR PAPER IS 60 MARKS i (Total for Question 1 is 6 marks)
N 0 o S y,
26 | 27
i “—_
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2 ax*+Dbx+c=0.

Revision Guide

x=—bi b2 — dac

Start by dividing the
: equation by a. Now

113 complete the square
At and rearrange for x. oo

Prove, by completing the square, that

6)!

3 f(x) = (2 + kx)’, where I is a constant.

Given that the coefficient of x° in the binomial expansion of
f(x) is 70, find the value of k.
3)

(Total for Question 3 is 3 marks)

.

SetB Paperl
Pure Mathematics

Revision Guide |
Hpave B

Use the nCr button on
your calculator to find
the coefficient of the
‘term then multiply this
by 24 and (k3. This will
give the x® term which
can be equated to 70,
then solve to find k

29
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Revision Guide
pages 20, 22

Substitute y = 2x + 11
into the circle equation
and show there is only
one solution. If there

is one repeated root,
then the line must
touch the circle at
exactly one point, so it
must be a tangent.

It might help to sketch
the circle and the line.
The first step will be
to find the point of
contact. Use the fact
that the tangent to a
circle is perpendicular
to a radius at the point
of contact.

an

.

4 (a) Show that the line y=2x+1lisa tangent to the circle 5 Prove that

2

1 —sinf 1 )'
% T, (- S E : _— = — tanf
Ty —r= =52 | 1+ sind (cos@ an
©)!
(b) Find the equation of the diameter of the circle that passes :
through the point of contact of the tangent with the circle. :

)|

(Total for Question 4 is 8 marks)

(5

(Total for Question 5 is 5 marks)

J

Y

SetB Paperl
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[ S
feaE Revision Guide |
page 3l /|

LEERN IT! |

You will need to use the
trigonometrical identities
sin20 + cos®0 = 1 and
sind
cosf

Multiply the left-hand

A 1 —sind
side by m
Then work through from
the left-hand side to
the right-hand side.

"j

= tanf.

31
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The reciprocal graph is
a transformation of

the graph y = %

Write - 2x+ 3
x+1
and rearrange to form
a quadratic. Telling you
that you need to round
to 2 d.p. is a giveaway
that you need to use
the quadratic formula.

(@) On the same axes sketch the graphs

7
y= xekl
Y=2x+3
Show where the graphs cross the axes and any asymptotes. :
@;
(b) Find the coordinates of the points of intersection of the two
graphs. Round your answers to 2 d.p.
@)
!
|

(Total for Question 6 is 7 marks) }
\

N
L.

(2x+3)(x —5)
x

(a) Given that f(x) = L x 7 0, find £ (x).

3)

(b) Show that f(x) is increasing for the interval 1 < x <2

(]

(Total for Question 7 is 5 marks)

J

SetB Paperl
) Pure Mathematics

Revision Guidle |
page 39, - -

Expand the brackets
and simplify the
expression first.

LEERN IT!

A function f(x) is
increasing if f'(x) = O
for all values of x in the
given interval.

33




Revision Guide
page 2

Remove a common
factor then use the
difference of two
squares, done twice,

.34

8 Factorise fully

~ 32%

9 Figures 1 and 2 show the curve with equation y = 3x* +2x — 1

¥ 1 Y 2
@) Ny=sz+20-1 y=38x+2xr—1
: T \
= x 2 Q :
= IR ;s NI = -1
Figure 1 Figure 2

’ (a) Find the total shaded area shown in Figure 1, enclbsed by the

curve, the x-axis and the linesx = =2 and x =
4)

(b) Hence or otherwise find the shaded area shown in Figure 2
enclosed by the curve, the line x + y = —1 and the linesx = —2
and x = 0.

(3)

(Total for Question 8 is 3 marks)

Hint Q9a_

(Total for Question 9 is 7 marlks) J _

SetB Paperl

Pure Mathematics

) Revisjibn Guide!

' pages 45, 46,

Factorise to find the
points of intersection
with the x-axis, then

sketch the quadratic

graph.

For. part (b), add

x+ y= —1to your
sketch graph and

work out points of
intersection so you can
see the area required.
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S5etB Paperl

Pure Mathematics

You can write a general
multiple of 4 as 4k,
where kis a positive
integer. Find a general
expression for the sum
of three consecutive
multiples of 4 and
show that it has 12 as
a factor

-

10 Prove that the sum of three consecutive multiples of 4 is always 11

a multiple of 12. points A (—2,7) and B (3, 5), in the form ax + by + ¢ = 0.

3)

(b) Find the equation of the perpendicular bisector of AB.

above point B. Find the area of the triangle ABC.

(Total for Question 10 is 3 marks)

(a) Find the equation of the straight line that passes through the

(¢) Point C lies on the perpendicular bisector of AB and is vertically

(Total for Question 11 is 12 maxrks)

3)

@

(5)

_

|

4

=

SetB Paper 1

Pure Mathematics

2 @ pages 17, 18,19
) = - - -

b ey |

...... “Em —
I»ﬁ;fs';'?.,‘%'zﬂ Revision Guide

e Y2 TN
Use gradient = =%,
and then y—y, = m(x—x)
to find the equation of
the straight line, then
rearrange into the form

requested.

“Hint Q11D
You will need the
perpendicular gradient

and the coordinates of
the midpoint of AB.

Problemi=olving
In part (c), point C
must have the same

X coordinate as B.
Substitute this value

in the equation of the
perpendlicular to find
the coordinates of C.
Use the point FA(—2, 5)
to make a trapezium
APBC and a triangle
AFB. Find the area

of the trapezium and
subtract the area of
the triangle.

=]
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ur'um’

Revision CGuide
pages 42; 43

After integrating,
substitute the given
values to find the
constant of integration.

[ sint Q120

Substitute x = —1 into
f(x) using the constant
of integration found in
part (a).

38

=

12 y= J(Z,ﬁ — 4+%€)dx

(a) Giventhaty =0whenx =2, findy as a function of x.
: 3)

() The point P (—1, £) lies on the curve with equation y = f(x).
Find the value of £.

(AN

(Total for Question 12 is 5 marlks)

{r .
. 13 The value of Andy’s car can be modelled by the formula
V =18600e™"* + [

where £V is the value of the car, ¢ is the age in years and kis a
) positive constant.

‘ (@) The value of the car when new was £19550. Find the value of .

@

(b) Find the value of the car after 3 years, to the nearest £.
@

(¢) Find the rate of decrease in the value of the car in £ per'year to
the nearest £ at the instant when the car is 5 years old.

(3
(d) Sketch the graph of V against t.

(2
(e) Interpret the meaning of the value of k.

)

(Total for Question 13 is 9 marks)

-

J

Set B Paperl

Pure Mathematics

Bl Revision Guide

t = O when the caris
new.

" Hint Q13b_

After 3 years, t = 3.
Use the value of kfound
in part (a).

[ sint Q13c_

Differentiate with
respect to t.

Plot V on the vertical
axis and ton the
horizontal. Label V when
t= 0O on the graph.

Modelling

In part (e), think about
what happens to V as
tincreases.

39




pages 46, 50

sides. Don't round your
answers until the very
end.

LEARN IT! |

:

log(a®) = bloga

log(a) — log(b) = Iogg

SetB Paperl
Pure Mathematics
QUID)

Revision Guide

r

-

14 (a) Solve 5% = & giving your answer to 3 significant figures.

(3

(b) Solvelog,(x + 1) — log, (x) = 2.

(Total for Question 14 is 6 marks)

@) |

1; ; n e (2 g
' 15 A parallelogram ABCD has AB = 5 and. AD = 1)

(2) Find |BDI.

(b) Find angle BAD.

(¢) Find the area of parallelogram ABCD.

-

J

SetB Paperl I
Pure Mathematics P

el Revision Guide |
| pages|27; 33, 34

LEERN IT!
—_— — —
BD = BA + AD

kel s
= AD — AB

Hint Q15b_

There are other ways
of dolng this but
finding the lengths
of the three sides
and using the cosine
rule is the most
straightforward.

LEBRN IT!

Area of a triangle is
L2l b|sinC so area
of a parallelogram is
|a]| b|sin C.
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. Revision Guide
pages 2, 37, 36

The wording makes
this question look
harder than it is.

Sometimes you will
need to pick out key
words. You have seen
the word ‘tangent’ so
differentiate y = ax® 4+ x
and then substitute
x= 1. Then use the
fact that you know the
gradient of the tangent
from its equation.

Hint Q16b_

Use the value of a you
found in part (a).

" Riming higher

In part (c), equate the
two functions of xand
rearrange to form a
cubic equation. Use the
knowledge that where
the tangent touches
the curve there are two
solutions at the same
place (so you know
two of the solutions
already). This will help
you factorise the cubic
expression.

42

© 16 The line L, defined by y = 7x + k, is a tangent to the curve C, defined
by y = ax® + x, at the point where x = 1.
a and k are both constants.

(a) Find the value of a.
(2)

(b) Find the value of k.
2)

(¢) Find the coordinates of the point wherey = 7x + k crosses the
curvey = ax® + x.

(€

(Total for Question 16 is 8 marks)

~ 2l

L TOTAL FOR PAPER IS 100 MARKS | \

; Paper 2: Statistics and Mechanics
SECTION A: STATISTICS

Answer ALL questions. Write your answers in the spaces provided.

1 The discrete random variable Y can take only values 1, 2,3, 4 and 5.

Y has probability function
| =y y=123
s P(Y=y) = {k(?)y Z8), y=a5

where kis a constant.

(a) Find the value of k and construct a table giving the probability
distribution of Y. :
@
(b) Find P(Y = 4)
(1)

(Total for Question 1 is 5 marlks)

Use the probability
function for valves of Y
from 1to 5. Remember
that the sum of all
" probabilities = 1.

Use the appropriate
values from your
probability distribution.

LN

43

sSet iy raper 4
Statistics and Mechanics
—




SetB Paper?2 d SetB Paper 2
T 2 Thirteen students sat a test, marked out of 50. These are their scores: | 3 A farmer collects data on annual rainfall, »cm, and the annual yield Free /5 3
TR of broccoli, b tonnes per acre. rﬁ'&@ Revision Guide)!

33,25, 36, 40, 14, 49, 31, 17, 31, 44, 35, 28, 34 B
The table shows the results for 10 consecutive years. =
(a) Write down the values of Q,, Q, and Q, for this data.
@) v | 75|79 78|84 | 7476|8085 |77]8L LI e
n =13 so, for A value that is more than 1.5 times the interquartile range (IQR) b 45 |48 |47 |51 |46 |46 |49 |52 |47 |48 Relate your
example, i = 3.25. above (, or more than 1.5 times the IQR below Q, is called an outlier. interpretation to the
The equation of the regression line of b on.vis b = 1.6 + 0.04r. data, so write about
IS S [ (b) Draw a box plot for this data. . amount of rainfall with
to 4, so Q, is the 4th (4) (a) Give an interpretation of the value 0.04 in the regression respect to yield per
observation from an equation. Hers,
ordered list. : (1)
(b) Comment on the reliability of using this regression equation to " Hint Q3D |
@ B S S estimate the yield of broccoli in a year when the annual rainfall is e ——

Look at the range of
|dentify any outliers, - FE e e . (@ 70em (i) 82cm -. the original data.
deduce the whiskers, 2)
then draw the box plot .- T R P S T Ce
using your Q, Q, and (c) Explain why the regression equation is not suitable to estimate @E
Q, values. T S RO P S the annual rainfall in a year when the yield of broccoli is

4.5 tonnes per acre. . The response in
o O S T SV S ) part (c) here is a
: standard one. Consider
The whiskers can be - . o s mem wm DR W@ A% e R L o - . R, gjsep:;:rim\;/:::bles
drawn either at the '
outlier boundaries,
@, — 15 x IGR and
Q,+15 X IQR, or
at the smallest and | =
largest data points
which are not outliers. - [ o L L
g
(Total for Question 2 is 7 marls) (Total for Question 3 is 4 marks)
e ) N o
44 45
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Statistics and Mechanics

Revision Guide

Times are given to the
nearest minute, so 5-9
really means 4.5-9.5

Work out in which class
intervals the 10th and
90th percentiles lie,
then work out the
positions within those
intervals using linear
interpolation.

Watch out! The class
boundaries are not
whole numbers.

-

Number of minutes | Number of shoppers
1-4 5
5-9 20
10-19 28
20-29 51
30-59 16
Total 120

range of this data.

(Total for Question 4 is 5 marks)

4 TInasurvey, 120 shoppers in a supermarket were asked how many
minutes, to the nearest minute, they had been in the store. The
results are summarised in the table.

Use linear interpolation to estimate the 10% to 90% interpercentile

| 8

5 All cars more than three years old have to undergo an annual MOT
test. 20% of cars fail the MOT test because of problems with their
lights. This is the most common cause of failure nationally. A group
of 5 randomly selected cars undergo an MOT test.

(a) Give a reason why the binomial distribution is suitable for
modelling the number of cars failing the MOT test due to a
problem with their lights.

@

‘() Find the probability that exactly 2 of them fail the lights test.
(2)

A car hire firm has 15 cars taking their MOT test. Six of them fail the
lights test.

(c) Using a 5% level of significance, find whether there is evidence
(=]

) to support the suggestion that cars from this firm fail the lights

test more than the national average. You should staté clearly the

hypotheses that should be used.
6

(Total for Question 5 is 9 marlks)

~

N

J

SetB Paper 2

Statistics and Mechanics

o2

Revision Guide |

| Pages 75,76 |

LEARN T

You need to know when
a binomial distribution
can be used.

. Hint Q5b.
You need to use the
number of ways of
selecting 2 outcomes
from 5 trials, with
p=0.2
When carrying out any

hypothesis test, you

should always write
down your hypotheses
clearly. This is a one-
tailed test so your

alternative hypothesis
will be in the form

Aip>..orHrp<..

[ Modelling

Always interpret your
answers in the context
of the question.

47
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Statistics and Mechanics |-

Revision Cuide |
page 84

oo ,. .}

For vertical motion
under gravity, always
choose a positive
direction (up or

down). In this case, if
you choose upwards

as positive, then

a= —9.8ms"2 since
gravity acts downwards.

If the stone starts at a
height of h, then it will
hit the ground when
5= —h

LEARN.IT!

Standard modelling
assumptions apply here.

5=ut+-;—at2

Modelling

In part (b), you are
asked for modelling
assumptions. Think about
the standard conditions
that apply in questions
involving vertical motion
under gravity.

48

f

SECTION B: MIECHANICS

Answer ALL questions. Write your answers in the spaces provided.

Unless otherwise indicated, whenever a numerical value of g is
required, take g = 9.8ms™2 and give your answer to either 2 significant

figures or 3 significant figures.

6 Astone is thrown vertically upwards with speed 15ms™ from a
point k mefres above the ground.

The stone hits the ground 4 seconds later.

(a) Find the value of h.
(3)

(b) State two modelling assumptions made when calculating your

answer.
)

(Total for Question 6 is 5 maxrls)

A

-

7  Alift of mass 220kg is being lowered into a shaft l
by a vertical cable attached to the top of the lift.

The cable exerts an upward force of 2150 on
the lift.

mkg

There is a constant upward resistance of 160N on the lift and the normal
reaction between the container and the lift is of magnitude 480N.

-+

The lift descends with constant acceleration, ams=2

A container of mass kg rests on the floor of the lift.

(a) Find the acceleration of the lift.
(4

(b) Find the mass of the container.

(Total for Question 7 is 7 marks)

S/

SetB Paper 2
Statistics and Mechanics

e Revisit;n.Gﬁiﬂe |
= page 85 |

Use Newton's 3rd law.
You can apply it to
the lift, the container
or the whole system.
Choose whichever is
the most appropriate.

Draw a diagram showing
all the forces acting.

| Hint QTa 4

Put in all the forces
acting on whatever
part of the system
you choose. Take

care with signs — take
downwards as positive.

Model}ii@g

The system is such that
all parts are moving in
the same straight line,
50 you can treat the
whole system as a single
particle or consider
parts of the system
separately. The container
and the lift remain in
contact, so they exert
equal and opposite
forces on each other

 sint O7b

Another application of
Newton’s 3rd law is
needed here.
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Statistics and Mechanics

The particle is in
equilibrium so the
resultant of the three
forces must be the
zero vector. Set up two
simultaneous equations
inaand b.

(pioblermisal

|

Forces are vectors,

so in part (a) use the
equilibrium condition to
work out the values of
aand b.

_Hint Q8b
Find the resultant of
F, and F,. Then find
its magnitude and
direction. Use F = ma
to find the acceleration
of the particle.

Because the particle
was in equilibrium, it is
accelerating from rest,
s0 its acceleration

will act in the same
direction as the
resultant force.

50

~

8 Three forces, F,, F, and F, act on a particle of mass 5kg. The forces 9

are given as:
F, = 24i — 5bj
F, = —4bi + 3qj
E,=2i—2j
where 2 and b are constants.
The particle is in equilibrium.

(a) Work out the values of a and b.

The force F, is removed.

(b) Find the magnitude and bearing of the resulting acceleration of |

the particle.

3

®) |

N

A rabbit leaves its burrow at time t = 0 and runs alongside a straight
fence before returning to its burrow.

The rabbit is modelled as a particle moving in a straight line.

The distance, s metres, of the rabbit from its burrow at time
t seconds is given by

s=2(— 168 + 6417
where0<t<38

(a) Explain the restricion 0 <t =<8
3.

(b) Show that the rabbit is initially at rest and find its distance from
the burrow when it next comes to instantaneous rest.
. (6)

(Total foerues tion 9 is 9 marks)

(Total for Question 8 is 9 marlks)

<4 4

TOTAL FOR PAPER IS 60 MARKS )

set B raper z
Statistics and IViechanics
5 Revision Guide |
‘pages 91.92 |

~Hint Q92

Factorise and interpret
the equation in the
context of the problem.

Modeﬂiqg

The rabbit is modelled
as a particle moving
in a straight line with
its distance from its
burrow, s, given as a
function of time, L

Instantaneous rest
means v = 0. Use
caleulus to find the
relevant value of t then
use it to calculate the
distance.

You will need

caleulus to connect
expressions for s and

v and consider times
when the rabbit is
instantaneously at rest.
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Paper 1: Pure Mathematics

Answer ALL questions. Write your answers in the spaces provided.
1 Solve the simultaneous equations

2x+y=3 @
2+12=18 @)

(Solutions based entirely on graphical or numerical methods are
not acceptable.)

(6)
i
From @ =3 - 2){ V
Substitute for y into @ )
¥+ (3 — 252 =18 V/

R+ (9 =120+ 42) = 15

52 —12x+ 9 =18 \Y/
5)(2—12x—9—0

oV

=3 orx= —% V

(5x + 3)()( = 3)

Whenx=3,y=(3—2x5)=— -
=3 _ax-3)-21
Whenx= -2, y= ('3 e X 5.).,..5 V/

(Total for Question 1 is 6 marks)

‘:%‘ ‘é Revision Gmde
@ age 9

Rearrange the first
equation so that yis

a function of x. Then
substitute this into the
second equation.

Form a quadratic
equation in terms of x
then solve using any
technique. In this case
you should be able to
solve the equation by
factorising.

[ Hint J

Put your solutions

for x back into the

first equation to get
matching solutions for y.

Don't forget to check
that your values for

X and y work in both
equations,

SetA Paperl Answers

L3

P

Multiply out and
rearrange to solve
for x.

&xD

Remember to reverse
the inequality if you
multiply or divide by a
negative number

- Hint O2b_
Ignore the inequality

to begin with. Set the
quadratic expression
equal to O and factorise
in the usval way to find
two solutions for x. You
can either use a graph
to decide where the
inequality is correct

or substitute a value
between your solutions
to see if the inequality
works, The coefficient
of 2 is positive, so if

it does work, then you
have a < x < b; if not,
its x < aand x> b,

For part (c), combine
your answers to the
first two parts on a
number line and check
your solution works for
both. Try a number of
values that are spread
across both inequalities
to check.

;":'""'": Revnsmn(;uide
age 10
| Bl

2 Find the set of values of x for which

(@) 2(Bx—1)>2—2x

@ ™
(b) 2x2—11x +12>0

(Y]
() both2(Bx —1)>2—2vand 2:2 — 11x+12>0

2)

@ 2Bx-N=>2-2x

G}(—Z>2-2}<

5Jc>4 V/

2x‘—11x+12—0

(2x— 8)x—4) = 0 \/

B
; X—ZOI"X—-.A‘ \

3 is between g and 4 so substitute x = 3 into ().

uWhen x=3, f(x) = 2(3)2 — 11(3) + 12 = -3
50 f() < O and 3 doesn't work, V/

Csox<forxza ¥

(Total for Question 2 is 8 marks)

53




54

Show thzﬂ:ﬁJ—E—é
3—V6

where a, b and c are integers.

3-J6 3+V6

.9 ~6.

a=7.b=3andc=6 .

can be written in the form a + bvC

_3+2/6 3+¢6

You can make your
working easier

by simplifying any
surds. Then multiply
the numerator and

denominator by a
suitable expression to
remove the surd part in
the denominator.

SetA Paper 1l Answers'

LEARN IT!

For y= f(x+ 1) the

¢ transformation is inside
the brackets. Move the
graph one unit to the
left.

ﬂ

LEARN IT!

For y= f(—x) the
transformation is inside
the brackets. Reflect in
the y-axis.

:

LEBRN IT!
For y= lzf(x) the -

transformation is *
outside the brackets.
Divide all the
y-coordinates by 2.

3)
b) y=£(-x) -
" (3)
© ¥=2£
3)
@
®)

@ Y

Figure 1 shows a sketch of the 14
curve y = f(x). The curve passes y
through the y-axis at (0, 7) and (1,8)
the x-axis at (8, 0), has a 7
minimum point at (—4, 5) and
a maximum point at (1, 8).

On separate diagrams, sketch the

curves with the given equations,

showing clearly the coordinates of

any twming points, and the points,

at which the curve meets the coordinate axes.

Figure 1
(@) y=fx+1)

10, 4

35
4, 2.5) )

(Total for Quesf.{on 4 is 9 marks)
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Set A Paper 1l Answers

5 Relative to a fixed origin O, the point A has position vector (i + j),
the point B has position vector (2i — 3j), and the point C has position
vector (4 — 11j).

—
(a) Find the magnitude of the vector OC.

(2)
—
(b) Find the angle that OB makes with the vector i.
(2)
(c) Show that the points 4, B and C are collinear.
@)

@ [odl = @+ vV

= 137 [= 11.7] ‘/

Rt A
x= 56.3"’ ‘/

(@ AB=0B—OA=i- 4 4

_— —— —

Be-oc-ob-zi-g Y
BC = 2AB hence BC and AB are Parallgl
So ABis parallel to Rj, and B lies on both_l'i_ngsggmen_ts,

S0 A, B, aljd C are collinear. \/ ) '

(Total for Question 5 is 8 marks)

PR—

P
e

Use Pythagoras.

[ sint 50

Show the vector @
on a sketch and make

it into a right-angled
triangle. Find the
angle between the
hypotenuse and the
Xx-axis.

For part (c) find the
vectors AB and —52

(or AC would work

Just as well). If they
are collinear then AB
and BC will be multiples
of the same vector
Remember te state
that the line segments
have a point in common
otherwise you are
showing that the
vectors are parallel
rather than that the
points are collinear

iz, to
Iygﬂﬁ Revision Guide |

pages 33, 34 .

If you see the words
o+ ‘stationary points’,
‘maximum’ or ‘minimum’
it's very likely that you
are going to need to
differentiate.

To find the stationary
points, differentiate and

set o O. Solve the
dx

equation to get the
x-values. Substitute
these back into the
original equation to
get the corresponding
values for y.

To determine the
nature of the stationary
points you will need

to differentiate for a
second time, finding
d2y

E.

LEARN IT! |

d2y

dx®

4y -
e > O = minimum

< O = maximum

Revision Guide. |

The curve C has equation
y=2°—-3x2+7

Find the coordinates of the stationary points of the curve and
determine the nature of each of them.

(Solutions based entirely on graphical or numerical methods are not
acceptable.)

d—y=6x"—€x '/

@)

g . L
2 O Byt = = 0 \/
X% —x=0
Xx—1) =0 )/
’ x=0 or x=1
Whenx =0, y=2(002-30)2+7 =7

Whenx =1, y=2¢1)2 - 312+ 7 =6 V/

So the stationary points are at (O, 7) and (1, &).

d2y= 12x — 6 \/

dx? e v R R 2 Lo
day . . o
When x = O, —— = —6 50 (0, 7) is a local maximum Y
When x =1, L\; = 6 50 (1, 6) is a local minimum \/
AR L s PRCE s et it Mo R UL LU (S

(Total for Question 6 is 7 marlks)

57

==




9 Solve for 0 < 0 =< 360°, the equation
cos20= \_i3_

i)

cos20= ...

0=0=360° . ... . ... ...

50

0=205720°

(©)

As it's 26 don't forget

to write down
cos™! L Ifor
2

0=<20=<720"

When you find solutions
for 26, make sure

you divide by 2 to
give solutions for 6

as required in the
question.

‘Sret.ﬁ Paper1 Bnswers

[B wimtmirnss =

i s, )

w‘t'.“":’r* Revition Guide,
A = |

Change % to 4x2

before you integrate.

[ Hist ]

Simplify V12 to 23
at any point of the
solution and rationalise
any surds in the
denominator.

10

10 Given that f(x) =3x -2+ %

- 27

show that | f(x)dx=%-———
'

2

) o B B St
X s st

?.3*.7.2- + AR ‘/

= [.3_6 —212: — __f__]
2 viz2

12 3 -2. T y
[ (B 2+ 4xf)dx =[—"—'-, 29(#.4—?.“.] ”

= [1& P i

3

23

4/3
3

9 4

-B-

©

L =8 =B =

3
527 BB

2 3

n

@

R

&

243 +

4vV3
3

(Total for Question 10 is 4 marks)
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11 (a) Find the first 3 terms, in ascending powers of x, of the binomial
expansion of

(2—3xy

giving each term in its simplest form.
@

(b) Explain how you would use your expansion to give an estimate
for the value of 1.94°.
(6}
(@) (2 = 39° = @° + 521(=30 + 10@2(~3 +.... V|
=32 — 240« + 72052 ‘/‘/\/ (each term)
(b) Let 2 — 3x=1.94
L IGIRR,

. then substitute into the expansion. ¥

(Total for Question 11 is 5 marks)

| HintQlih,

Revision Guide
pages 24,25 ¢

Be extra careful with
negative terms. Always
write every part of
each term in brackets
before you start to
work it out.

2 — 3x=194

ax

SetA Paperl ZAnswers

12 Prove that the roots of the equation x? — 2px + p*— "= 0wherep
and g are constants, are real.

(3)
Discriminant = 52 — “4ac where a=1, b= —2p, c= pPE—q* V

= (— 2 2 _ 2
For any question that TareRal s
says 'prove that’ or

‘show that’, always £ aamme
show every step of = 4g% which must be positive so real roots '§/
your working. You o g W Wit < it e
should explain what

you are doing at each

stage and your last line

of working should be ' o ’ B

the statement that was »

to be proved. o o

Use the discriminant.

sap-dptrag Y

(Total for Question 12 is 3 marks)
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Set’A Paper 1 ‘Answers;

2m

Not drawn to scale

4dm

A student was asked to find the value of cos x in terms of 7z from
the triangle in the diagram.

The student’s attempt is shown below:

2m2 = 4m2+ 3m?2— 2 X 4m X 3mcosx
—5m? = —24mcosx

cOoSX =

=m
24

(a) Identify the errors made by the student.

(2)
(b) Find the correct value of cosx.
(3
(c) Use this value to find an exact value for sinx.
)]

(a) Need brackets round (2m)?, (4m)? and (3m)* so that these.

‘terms be become 4m’ 16m? and 9/71 ‘/

2><4m><3m—24m not24m \/

() & =P+ cz—— 2bccosA \/

|l

Am? = 16m? + 9m? — 2 X 4m X 3m cosx "/ ]

| —2Im? = —24mPcosx
7
I o b V B
Sl - opp =TT Y
L]

sinx

(Total for Question 13 is 7 marks)

Think about how you
would work out the
answer yourself, then
compare this method

with the sample answer

glven.

Draw a right-angled

triangle with lengths
corresponding to
cosx on the acljacent
and hypotenuse. Use
Pythagoras to find
the opposite and then
use this to find sinx.
An exact value will
include a surd for this
question.

13

{ page-35:

Use the formula for

differentiation from
first principles given in
the formulae booklet.
You need to state
what happens to the
expression as h— 0,
and write down the

! Revision Guide '

result you have proved.

14

14 Prove, from first principles, that the derivative of L
¥

A
Rr.\‘+,h)—f(>_()\. x+h
h
_’_'x'-—"(}H‘-"h)"
~hxx+ h)
—_=h
: 'hX(X +f7) :
=1 e
2+ hx V/
R

~1 ,.50 the derlvatuve of —is —1 y/

»

\/

1
2

@

v

XZ.

‘ (Total .for Ques éon 14-55. 4 I.naﬂ;s)
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15 Ahollow container in the shape
of a cuboid has a base that
measures 3xcm by xcm. The
container doesn’t have a top
and has a height of ycm. The
external surface area is 200 cm?.

(a) Show that the volume, Verr?,

For part (a), form an

;g‘..;m!g Revision Guide |
ey pdge 41 o
_ ol :

Modelli:}g

surface area information

@) Form an equation for
in terms of xand yand

differentiate a second
time to show that it's a

need to differentiate

of the container is given by equation from the
V= 751 2 M .
= 78 with y as the subject.
(b) Given Eha‘l'gx can vary, find thg ma)dmgm valug of Vto the then substitute In for y.
nearest cm’and justify that this value is a maximum.
7)
(a) Svurface area = 3x% + 2(3x) + 2(x) (Bohlem
In part (b)
= 3x + 8xy=200 YV P
_ 200 — 3x2 \/ to find the maximum
Y= Bl o 5 wpeies 3z e value. Don't forget to
Volume = 3x2y
- 2 .
= 3x2 x @M \'/ maximum.

L Bx ...

“V=.75."".79TX,J, be b cm e o LEARN IT! |

2
() j_\:=75_2gx v 7
2 reasons.
B 5 575 o B \/
2 2
577
= = 200 v |
x=%=4,71cm \/ -
d?v 27x
Ldxt. 4 \/

So the maximum value of V occurs when x = 4.71cm (3 s.f)
2 /
When x = 4,71, édx—\"’/ = —34.82, so maximum \'4

9 X (4.71)8
Hence V| =75 x 4.71 — —%

= 236cm® ) \/

(Total for Question 15 is 11 marks)

Justify means give

15

bt Revision Guide
.?. = page 52 -

e

odelli:ng‘r

In part (a), you will
* need to use In (natural
logarithms) to find k.

Hint Q16¢
Think about what

happens as ttends to
infinity.

LEARN IT!

ae”) _ L.

aE e
This is a standard
differential.

16

16 The total sales of a new navel in thousands ofbooks, B, t months
after release are modelled by the formula

In the first month it is estimated that 10000 books are sold.

<

o

=

Clnet= In0.& V/
B=s0t-eoy ¥V
As £ w0, 06 s 0 ‘/

s
.= B = 50 = Books = 50000 Y|

e

B =50(1 — ek

Find L.
3)
How many books do the publishers expect to sell in the first
5 months? '
2)

Show that, according to this model, no more than 50000 copies
will be sold in the lifetime of the book.
- ()
Show that the rate of sales of the book after t months is given
by %"% = Ae", where A is a constant to be found to
3 significant figures.
2)

10

50(1 — e

0z=1-g=e=0s Y
. kf.'n?:?.\./

| =33.616 = 33616 books ¥

. Bisy 90(1i= proty)
.= 50 - 5Og ozt
92 = —50 x ~0.223¢05m Y/

= n2eos Y/

4 ('i"ofai for Question iG is 9 marks

TOTAL FOR PAPER IS 100 MARKS

|
i
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Paper 2: Statistics and IVMlechanics
SECTION A: STATISTICS

Answer ALL questions. Write your answers in the spaces provided.

1 The Venn diagram shows the probabilities that a randomly chosen
student at a college will take part in basketball and cricket.

B represents the event that a student takes part in basketball.

C represents the event that a student takes partin cricket.

xand y are probabilities.
B C
0.12

The events B and C are statistically independent.

(a) Write down the probability that a student plays criclket.
@

b) Find the values of x and .
4)

@1-0z8-o012=06 Y
®  x=©28+0%06 ¥
L x= 0165 +.O.Gx \/
04)(-0165 . . s hebzm & & e ,,..

_X—O42 \/

y=0.6-042=0.18 \/

(Total for Question 1 is 5 marks)

ey
i)
i ll'um#

Revision Guxde
"‘ pages 71, 72

P(B and C) = P(B) x P(C)

[ sint QI

Use the rule and solve
for x.

17

SetA Paper2 Answers

LEARN IT!

In a systematic sample,
selements are chosen at
regular intervals,

You need to be familiar
with the large data set,
though you won't need
to remember exact
values from it.

&xD

Use the formulae for
the mean and standard
deviation and give your
answers to 3 s.f.

LEARN IT!

X
Mean = -

Standard deviation

)

18

[S]

Lucy is investigating the daily minimum temperature for Leeming
in the months of May to August (inclusive) 2015.

She uses the large data set for her investigation.

(a) Describe how Lucy can take a systematic sample of 30 days.
(3)

(b) From your knowledge of the large data set, explain why this
might not give Lucy a sample of size 30.
®

The data Lucy collected are summarised as follows:
n=230

Yx =248  Fx*=2361

(c

ReX

Calculate the mean and standard deviation of Lucy’s sample.
- ®)

) 120 7 BO= 4 v
Gelect 2 random number from 1 o 4 and use [t for the Hrst
valve to be chosen. ¥/
, Splectiyvery Tourth e thepeafees, V D

(b

There could be gaps in the data, i.e. days when the minimum
temperatme was not rscorded ‘/

(@ Mean = %‘%— =8.27 (3 s.f). \/

Standard deviation = \f233§1 8.27% = 3.22 (3s.f) \/\/

(Total for Question 2 is 7 marks)
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3 Acompany requires applicants for jobs to take an aptitude test.

The possible outcomes are: pass, fail, be retested. The probabilities
for these outcomes are:

P(pass) = 0.3 P(fail) =05  P(be retested) = 0.2
An appﬁcant can be retested twice. If they do not pass alter being
retested twice, they are rejected.

The probabilities for the outcomes with the first retes ting are:

P(pass) = 0.3 P(fail) = 0.5 P(be retested) = 0.2

The probabilities for the outcomes with the second retesting are:

P(pass) = 0.4 P(fail) = 0.6
(a) Draw a tree diagram to illustrate these outcomes.
3)

(b) Find the probability that a randomly selected applicant is
accepted.
()

(¢) Three friends apply for jobs with this company. What is the
probability that two of them pass at the first attempt and one of
them at the final attempt?

P 3)

s MG OVERRN probebllityts o

F=38X03x03x(02x0.2 x04) =0.00432 ‘/

(Total for Question 3 is 8 marlcs)

Hint Q3a

This will be a 3-stage
tree but the 2nd

and 3rd stages only

follow the ‘retested
branches,

“Hint Q3b|
There are three ways
an applicant can be
successful. Work out
each probability and
add them together

 sint Q3c

Be careful — consider
how many ways this can
be done.

19

Revision Guide
pages 75. 76, 77

You need to know when
* 2 binomial distribution
can be used.

Use the binomial
probability distribution
to express the
problem to be solved
in terms of clearly
defined mathematical
statements, Finding the
critical region enables
you to comment on
actual outcomes.

Write down the
parameters you are
going to use.

Be careful. This is a
two-tailed test.

" Hint' Q4d
5% in each tail. n = 20,

p = 0.4. Look for
probabilities < 0.05

Lzo

4 A coffee shop provides its customers with wi-fi.

The probability thata randomly selected customer uses this wi-fi
is 0.4. Twelve customers are selected at random.

(@) Give two reasons why the number of customers in the sample
who use wi-fi can be modelled using a binomial distribution.
2

(b) Find the probability that at least six of the customers in the
sample used the wi-fi. :
(2)

Another branch of this coffee shop also provides its customers with
free wi-fi. The manager suspects that the probability of a customer
using this facility may be different from 0.4. A random sample of
20 customers is selected.  ~

(c) Write down the hypotheses that should be used to test the
manager’s theory.
(u)]
(d) Usinga 10% level of significance, find the critical region for a
two-tailed test to investigate the manager’s theory. You should
state the probability of rejection in each tail, which should be
less than 0.05.
(3)
(e) Find the actual significance level of the test based on your
critical region from part (d).
@

One morning, the manager finds that 11 out of 20 customers are
using the wi-fi. T

(f) Comment on the manager’s theory in light of this observation.
(6h]

(a_) A'T'Y twq »of: Vﬁxggi number of tr_ials (12), In._depgndgnt trials, two

]

' SetA Paper?2 Answers
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(e) 0.0160 + 0.0210 = 0.0370 or 3.7% ¥

Hint Qde
B 11is not in the criti here is insuffici i
() Misnotint e critical reglon so there is lps_pfflcl_qgt_ evidence Add the probabilities

 Hint 041

Look at how the value 11
relates to the critical
region. ’

Modelling /

Always interpret your
answers in the context
of the question. Don't
just leave them as
expressions involving
mathematical symbols.

(Total for Queston 4 is 10 marks)

21

from your critical region.

/Set B- Paper 2 Answeys.

Revision Guide |

page &l o -

Label your sketch with
the given information.
Time goes on the
horizontal axls.

The area under a
velocity-time graph
represents distance.

SECTION B: MECHANICS
Answer ALL questions. Write your answers in the spaces provided.
Unless otherwise indicated, whenever a numerical value of g is
required, take ¢ = 9.8ms™ and give your answer to either 2 significant
figures or 3 significant figures.
5 Aparticle moves in a straight line. At time ¢ = 0, the velocity is

ums™. The particle then accelerates with constant acceleration to
1lms™tin3s. :

The particle maintains this velocity of 11ms™ for another 10s.
It then decelerates with constant deceleration to rest in a further 2s.

(a) Sketcha velocity—l:ime-g-raph to illustrate the motion of the

parlicle.
3)
(b) If the total distance travelled is 148 m, work out the value of .
(3)
@ 1.
11 ) )
: IN. Y YV
e 3 13 15

(b) Area of rectangle = 10 X 1_’1 = 11(_)

(Total for Question 5 is 6 marks)
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6 A particle moves along the x-axis with velocity vms™.
At time ¢ seconds, the velocity of the particle is given by
v =35 — 108
The positive direction is in the sense of increasing x.

Find the distance travelled between the times when the particle is
instantaneously at rest.

(5

lnstantap;ously at rest whqr_l_35_f: - 10¢8 = 0 /

547 =20 = 0, guing t = Oand £ =3.5 ¥

=[35f:2_10t3r'5 v
T G

"3.5 7
Distance = J 35t —10¢3de ¥

2 . 3

= (214.375 - 142.9166...) - (0)

T 71.5_m (3 s.f) \/

(Total for Question 6 is 5 marlks)

pPages 91, 92. '

You are glven an
expression for vin
terms of tbut the
question asks for
distance travelled,
with certain conditions
applied, so you need
to work out a strategy.

You car’t find

the distance (by
integration) until you
first work out the times
when the particle is
instantaneously at rest.

Revision Guide.

74
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24

—
;E'.’.‘;’:. Revision Guide

Hint O7a-

AN pages 52, 83

Use appropriate suvat
formulae to set up two
simultaneous equations
inaand v

Hint Q1b
You know v, £ and a,
and you need to find s.

A car is driven with constant acceleration, ams=?, along a straight
road.

Its speed when it passes a road sign is ums™.
In the first 3 seconds after passing the sign, the car travels 36 m.
5 seconds after passing the sign, the car has a speed of 26ms.

() Write down two equations connecting a and 1. Hence find the
values of 7 and 1.

(5
(b) Find the total distance travelled by the car in the first 5 seconds

after it passes the sign.
)

(@) Using s = vt + %a,f?_afs = 36 when ¢ = 3 gives
se=sutass @Y
Using v= v+ at, v= 26 when £ = 5 gives

Solving simultaneously: )
78=3ut 152 @x3 3/
—36=3u+ 452 @
42= 10.52

%02= 4 and, substituting, y =6 V'V

(b) Using s = vt + _%a?z withu =6, a=4 and t =
S=6xX5+ 7 x4x5

30+ 50 =s0m Y

|

(Total for Question 7 is 7 marks)
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76

8 Ablock Aofmassdkg 14 gy T T
is held atrest on a A (4kg) P
rough horizontal table. t ) -
v r
It is attached to one end 4g
of a light inextensible T
tring.
M B (2kg)
The string passes over a !
small smooth pulley P 2g Sm
fixed at the edge of the
table. Z Z &

The other end of the string is attached to a block B of mass 2kg, °
hanging freely below P and with B at a height of 3m above the
horizontal floor.

The system is released from rest with the string taut.

The resistance to the motion of A from the rough table is modelled
as having constant magnitude 14.8N.

A and B are modelled as particles.

(a) Show that the acceleration of B is 0.8ms™2.

(3)
(b) Calculate the tension in the string.

2)
(o) Calculate the speed with which B hits the floor.

(2)

Block A never reaches the pulley at the edge of the table.

(d) After B has hit the floor; calculate the further distance A travels
before coming to rest.

(4)

L 3
(e) State how, in your calculations, you have used the fact that the
string is inextensible.
(€]

(2). Using Newton's 3rd law for A: T— 14.8 = 4a ‘/

.. Using Newton's 3rd law for B: 2 — T = 2a ‘/

Jdding gives: . byl L T

Revision Guide'|

Put in all the forces
acting on the blocks,
then use Newton’s 3rd
law for both particles
and solve for a.

all the forces acting
on the two blocks.
The pulley is smooth,
so the tension in the
string is the same

on each side of the
pulley. Once B has hit
the floor you will need
to re-visit the forces
acting on A

 Modelling

Initially the blocks are
connected by a light
inextensible string and
they are modelled as
particles.

Substitute to find T.

SetA Paper2 Answers.

_ Hint QBe

A suvat equation is
needed here.

‘Aiming higher

In part (d), you must
find the deceleration
of A before you can
use the appropriate
suvat equation. Think
about the forces acting
on A after B hits the
floor and the string
becomes slack.

Think back to the
original motion of the
blocks.

26

(e) Using v* = u? + 2as with u=0,a=0.8and s = 3:

v=0+2x08x3=45 Y

i

v

., gving a’ = —3,7ms™2 ‘/

T =21908... = 219ms™ (3 50) ¥

VUsing v = u? + 2as with v=2.1908..., v=0

anda =3 = -3.7:

L O=4874s v

| dvngs=0.6486... = 0.65m @) ¥

. (284 trevels snother O.E5m befors coming to fest;

TOTAL FOR PAPER IS 60 MARKS
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Paper 1: Pure Mathematics

Answer ALL questions. Write your answers in the spaces provided.

(b) Find the value of 7 in the equation
S+l
T

(a) 274k+.2 = (33)4k+2 \/ )
= 312k+6
—. (.Sé)12l:;l-s V

= gek+3 \/

82"4‘1

b, =32

®), bk
D3(2n+1)

oz . 23

320+0-2n — 25
2 =2

7
_3@n+N-20=5 Y A

4n+3=5
4n=2
1 |

(Total for Question 1 is 6 marks)

3)

Change 8, 4 and 32
into powers of 2.

P ; ]
5 Revision Guide

w@ page 1
1 (a) Express27%+*2in the form 9", giving m in terms of k. ;
o CID

Start by writing 27
as a power of 3, then
write 3 as a power

27

| Revision Guide |
(page 4

*+ Start by dividing the
equation by a. Now
complete the square
and.rearrange for x.

28

ax? 4+ bx + e =0.

s =b +vyb* — dac

ax2+bx_+c=Q

e+ Zifoo

Prove, by completing the square, that

(6)

4a% a2
b2 _ Aac
V422~ 422

_ b+ /b®— 4ac \/

2a

(Total for Question 2 is 6 marls)

SetB Paperl Answers
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o 3 f(x) = (2 + Ix)’, where k is a constant.
a ‘

j!! ) Given that the coefficient of 1 in the binomial expansion of
o £(x) is 70, find the value of k. "

M 3

crem=3s@r Y

| 35 x16 X £ =70

e

[ sint J

(Total for Question 3 is 3 marks)

e

.

Use the nCr button on
your calculator to find
the coefficient of the
term then multiply this
by 2% and (kx)2. This will
give the x® term which
can be equated to 70,
then solve to find k

80

Set B Papexr1 Answers

Substitute y = 2x+ 11
* into the circle equation
and show there is only
one solution. If there
is one repeated root,
then the line must
touch the circle at
exactly one point, so it
must be a tangent.

[ Hint O4b
It might help to sketch
the circle and the line.
The first step will be
to find the point of
contact. Use the fact
that the tangent to a
circle is perpendicular
to a radius at the point
of contact.

30

(a) Show that the line y = 2x +11 is a tangent to the circle

2+ -6x—4y =32

(5)
(b) Find the equation of the diameter of the circle that passes
through the point of contact of the tangent with the circle. ]
3)
@ - searm=3z ¥
At 121 = Gxm B a4 =32 Y
si+30c44s=0 ¥
Freete=0.. . ..
wrar=o ¥
= e 9 henge only, oo neprateg saliiion go jreCr 1],

must be a tangent to the circle. \’/

® B4 2
x2 4+ y? —6x—4y = 32

L

y=2x+

. Point of contact is when x= =3 = y=2(=3) +11 =5

Diameter is perpendicular to tangent so

: 1y

g gradient of the tangent EER

yoy = mlemx)

L Fy—5= *%(Xf..—?), ‘/

y?i%_ﬂz V/_,

(Total for Question 4 is 8 marks)
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5 Prove that
. 2
1~—sinf ( 1 o b 6)

1+sind \cosf
1—sinf) _1—sinf  1—sind
14 sin) T sing 1 =sing T

‘= 'sinf)(1 = sinf)
1+ sinf)(1 — sinf)

=

1 —sin0)?
1 — sin?6

S _U=snd?

..cos?l .

(1 e.srn,a)f v .

cosf

( 1 5lnﬂ)2
\cosf ...cosfl ....... ........

Al

2
("'1"'—"t'an())' LY ST .
cos0

(Total for Question 5 is 5 marks)

FoAcl Revision Guide |
= page 31

You will need to use the
trigonometrical iclentities
sin?d + cos? =1 and
Sing: = tand.

cosf

Multiply the left-hand

1 —sind

1 — sind

Then work through from
the left-hand side to
the right-hand side.

side by

31

82

“Hint Q6a

The reciprocal graph is
a transformation of

the graph y = %

“Hint Q6b
2
X+ |
and rearrange to form
a quadratic. Telling you
that you need to round
to 2 dp. is a giveaway
that you need to use
the quadratic formula.

Write

=2x+3

32

Revision Guide |

6

(a) On the same axes sketch the graphs

o 2
v Tk 1
y=2x+3

Show where the graphs cross the axes and any asymptotes.
@

(b) Find the coordinates of the points of intersection of the two
graphs. Round your answers to 2 d.p.
3)

(a)

we¥im gl

gy U2
Uolos

2 =25+ 5x+3

oY

=5 £ 5% =&

L2XE+ Sx+

B R

/

=y=z256or-156 Y
FFPelTs of igkersectiph ave (—0.22, 2.56) and (~2.28, ~1.56)

(Total for Question 6 is 7 marks)

Paper 1 Answers
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84

(a) Given that f(x) = (

ZL)Y(Y_i) x# 0, find F(x).

(3)
(b) Show that f(x) is increasing for the interval 1 < x <2
(2)
2
@ fo) = ZX#
~2x=7 150 Y
twmzrise VY
15
SEE .

for all values of x In the given interval.

. .Hence the function is increasing on this interval. V\/

(Total for Question 7 is 5 marls)

Revision Guide

?g page 39 '
LB =) . .

Expand the brackets
and simplify the
expression first.

LEARN IT! |

A function f(x) is
increasing if f'(x) = O
for all values of x in the
given interval.

33

SetB Paperl Answers

(o

34

i

‘xenuop |
3 :mn:""

| Revision Guide

Remove a common
factor then use the
difference of two
squares, done twice,

8 TFactorise fully

205 — 32x

26 = 32x=2xtr —16) ¥

(3)

aw-ae sy Vo

Il

2xte = 2 20 + 4 Y

(Total for Question 8 is 3 marks)
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9 Figures 1 and 2 show the curve with equation y = 3x* + 2x — 1

) y

'/y=3x2+2x—1 y=3x+2¢—1

= =] \3_/1 = =2 = @Q= _E

Figure 1 Figure 2

(a) Find the total shaded area shown in Figure 1, enclosed by the
curve, the x-axis and the lines x = —2 and x = 0.
(4)
(b) Hence or otherwise find the shaded area shown in Figure 2
enclosed by the curve, the linex + y = —1 and the lines x = —2
and x = 0.
(3)
@ y (3x~1)(x-r1)sowheny Ox—%orx—-1 )
-1 ’
) th;[ area = I (3xz + 2x — 1)elx + J (3x2 2x - 1)dx V/
peest= [ (@ Zemhax
= b +.x® = x] o _
=TT = (-8 +4+2)=3 V/
0
Area 2 = J (3x% + 2x — 1)dx
=be+ae -l
=@ = (-1 +1+D=—1 ‘/
Total shaded area = 3 + 1 = 4 square units \'/
(b) When x = j?_, y=1on thg line y = —x —v1 V/

_ Area of triangle above x-axis _=% X1 x1=

Nl"‘ MES

Area of trlangle below x-axis = -;— X1x1=

New shaded area = 4 — 1= 3 V/

(Total for Question 9 is 7 marks)

Factorise to find the
points of intersection
with the x-axis, then
sketch the quadratic
graph.

For part (b), add

x+ y= —1to your
sketch graph and

work out points of
intersection so you can
see the area required.

35

Revision Guide

paqe‘.ZG

You can write a general
multiple of 4 as 4k,
where kis a posltive
integer. Find a general
expression for the sum
of three consecutive
multiples of 4 and
show that it has 12 as
a factor -

36

10 Prove that the sum of three consecutive multiples of 4 is always
a multiple of 12.

3)

Three (consecutive multlples of 4 can be wmtten as 4k 4(L + ‘I)

So their sum is given by
4L + 4(l<-1 1) + ~HL 5 2) =4k+ 4k+ 4+ 4k+ 8

= 12k+ 12

) = 12(I'+ 1) \/

(Total for Question 10 is 3 marks)
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11 (a) Find the equation of the straight line that passes through the

points A (—2,7) and B (3, 5), in the form ax - by + ¢ = 0.
(3)

®

-

Find the equation of the perpendicular bisector of AB.
@

(c) Point C lies on the perpendicular bisector of AB and is vertically
above point B. Find the area of the triangle ABC.
)

~H_ 5-7 _ -2
Sttt T v
P ,—m(x—x)=>y 7=——-(x——-2) \/
arsymsm0 ¥V
(b) Perpendicular llne‘ha_s gradlent m —1—2 = g \/
5
T (=2% 3 7+5) (1 ) \/
Mldpomt of AB = (——2 T (2’ (=
. i =
y—yrm(x—vw»y G_.z‘(’ -5) v

10x — 4y+ 19 =0
(¢) C has x coordinate of 3. Substitute this into
. .10x—4y+19 =0 \/
30 — 4y+19——0
4y 49=>y—121z v

YA

,.12.2575.. L

*

A<7 o
P -

_20‘ 3 X

Area oF trapezmm APBC E X 5 X (2 + 7. 25) = 23.125 \/

Area of trlangle APB = E X 5 X2=5 V

18.125 \/

(Total for Question 11 is 12 marks)

Area of trlang!c ABC =23125-5=

_Hint Qlla

Revision Guide

pages 17,18, 19

Y2 T Y,
Use gradient = X—_;L

and then y—y, = m(x X)
to find the equation of
the straight line, then
rearrange into the form
requested.

[ int Q115

You will need the
perpencdicular gradient
and the coordinates of
the midpoint of AB,

In part (c), point C
must have the same
xcoordinate as B,
Substltute this value
in the equation of the
perpendicular to find
the coordinates of C.
Use the point A(—2, 5)
to make a trapezium
APBC and a triangle
AFB. Find the area

of the trapezium and
subtract the area of
the triangle.

37
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Hint 012

| Hint Q12b

After integrating,
substitute the given
values to find the

constant of integration.

Substitute x = —1 into
f(x) using the constant
of integration found in
part (a).

12 y:J(Z.\J—4+l%)dx

(a) Given thaty = 0 whenx = 2, find y as a function of x.

@)
(b) The point P (—1, #) lies on the curve with equation y = £(x).
Find the value of t.
(2
1
(2) }’-%-4x——+c \/\/
; ;
,,,,, ~Z-Mmsgte
1 V/
€Tz
=X g A1
N Al orde.. act-<oobc SN
(=1 il 1
b) &= — 4(—1) — =
,( ) £ Brons A‘.}.(_Av.‘...—-) +2‘/ 5 s
=1 A, _
e=drarirloc ¥V

(Total for Question 12 is 5 marlks)
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13 The value of Andy’s car can be modelled by the formula =T ¥ ) ' el o y 14 (a) Solve 5% = 8 giving your answer to 3 significant figures.
i Revision Guide ki Revision Guide @)
| V = 18600e~02" + & page 52 4 ) Fedes 48,50 )

i = o ) — (b) Solvelog, (x + 1) — log, (x) = 2.

i where £V is the value of the car, ¢ is the agein years and kis a 3)
i positive constant. m . Hint Ql4a:
F— " (a) In5‘°—'=_lvn?5"f1 .
(a) The value of the car when new was £19550. Find the value of k. ¢ = O when the car is Take logs of both S e
1 new. ) o sides. Don’t round your 2xIn5 = (x — DInd \/
answers until the very ' ' T Co
(b) Find the value of the car after 3 years, to the nearest £. EB— end. 2xIn5 — xIn& = —In&

4 - . . After 3 t=3 ; #2105 — 1n8) = —n8 ¥V
i () Find the rate of decrease in the value of the car in £ per year to el & yearsy k=3 LEERN IT! S i T B
i the nearest £ at the instant when the car is 5 years old. Use the value of kfound 5 x=__—In&

i; 3) in part (a). log(s*) = bloga W o . S BING = B
i log(2) — log(b) = log2 =182 V
: (d) Sketch the graph of V against ¢. b T R T e Do ~ M O

T o CEEED

! Alternative solution
\ (e) Interpret the meaning of the value of k. Differentiate with

‘ [6h) respect to t You can carry out the above process using logs to any base.

(2) When t = 0, 19550 = 16600 + k= k= 950 ¥ I—— b | M — _ .

I Riiaibsted oo L \/ At o N A  Hint Q13d ®) log,x+ 1 ~log,e9=2 -
= -0.69 . v E—— X+ 1)
el Berlder T v i oem Plot V on the vertical ,'063(7) = ‘/ ——
V= £10279 \/ axis and ton the x4+ 1)
! 7 Sr e oo : e horizontal. Label V when ( X.
@ 5 = ~0:23 x 18600e 0w ¥/ = i e g X1 9
s i 2 - Modelling _ R
dv = — pA 1 /

' i ~ When ¢ = 5’,E = —4278e ‘:’5. "/ = £1355 per year ‘/ In part (e), think about L ; x= 5_| \/ o

{ ||'{ what happens to Vas

i . (ch tincreases.

{1

| ﬂi

e ]

4
i
¥ (9} 5
i: o s meEE L ah 5B 6 hes e % e e © s
;r (e) As tincreases €7%2* tends to O so V tends to £950 which
K ‘ is likely to be the scrappage value. V
(Total for Question 13 is 9 marlks) (Total for Question 14 is 6 marks)
39 40
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15 A parallelogram ABCD haszg = (é) andﬁ = (%)

Rewsmn Guide
| paqjes 27, 34 34 |

(a) Find lB_D)I

@
Find angle BAD.
” ? ®  Bo=BA+AD
T
(c) TFind the area of parallelogram ABCD. &
2

There are other ways
of doing this but
finding the lengths
of the three sides
and using the cosine
rule is the most
straightforward.

...... ) > LERRN IT! ‘»

Area of a triangle is

BD _..A.E; .AB _( 2) »/ ......................

150| = "22 + 42 = /E

(l.s,)mlA_B'l ‘=_;./”22 5% =25 and IADI

29 +17 — 20 +|al| b|sinC so area
a2 BAD 2 XD X T B O 555 \/ e of a parallelogram is
BAD—54 20 |al]b|sin C.

Jallplsnc = 2—9ﬁx542\/ |

Area 18 square unlts \/ L

(Total for Question 15is 7 marks)
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"‘ Revision Guide'

?aq_es 2.37,38

The wording makes
this question look
harder than it is.
Sometimes you will
need to pick out key
words. You have seen
the word ‘tangent’ so
differentiate y = ax® +x
and then substitute
x= 1. Then use the
fact that you know the
gradient of the tangent
from its equation.

" Hint Q16b
Use the value of -a you
found in part (a).

Biming highex'

In part (c), equate the
two functions of xand
rearrange to form a
cubic equation. Use the
knowledge that where
the tangent touches
the curve there are two
solutions at the same
place (so you know
two of the solutions
alreadly). This will help
you factorise the cubic
expression.

16 The line L, defined by y = 7x + I, is a tangent to the curve C, defined
by y = ax® + x, at the point wherex = 1.
aand k are both constants.

(a) Find the value of a.

(b) Find the value of .
2)

(c) Find the coordinates of the point where y = 7x + k crosses the
curvey = ax® -+ x.

d 4)
/
@ —)——33x2+1 \/
. .dx e
c:i
Whenx—1,a——3a+1—7—>a—2 \/
(b)y 2x3+xsowhenx—1 ¥ = 3 \’/
s 7v+L—*~3-—7+k—‘—l<——4 V/
(c) 2x3+x=7x—4 \/
2x3—6x+4=0
=>x3—3x+2=0 \/
(x—l)z(x+ 2)—O ‘/
Whenx——z y—7( 2) -——15
L ancl C mtersect whan x= —2 so coordmates are (— . —18) \/

(Total for Question 16 is 8 marks)

TOTAL FOR PAPER IS 100 MARKS
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5 Papex Z Answers

Paper 2: Statistics and Mechanics

SECTION A: STATISTICS

Answer ALL questions. Write your answers in the spaces provided.

1 The discrete random variable Y can take only values 1, 2, 3, 4 and 5.

Y has probability function
o &=y y=1,23
i =y) _{k(By—S), y=4,5

where kis a constant.

(a) Find the value of kand construct a table giving the probability

distribution of Y.

(b

N

Find P(Y = 4)

=

(&) PY=1) = k(4 — 12 =9k

Pr=2=ak
rr=a=r Y
=4 =KE X404k

rr=51=76 YV

Total probability = 9k + 4k + k + 4k 7k = 25k

%025k =1, hence =75 ¥
y tl2]3|4]s
; e T T T T
Pr=yp| 2| 2| L L | Z
=135 35|25 25| 28 \/

BLRGEH ST A+R=8 . ..
4 7 _n

25 257 25

(Total for Question 1 is 5 marks)

Revision Guide

Use the probability
function for values of Y
from 1 to 5. Remember
that the sum of all
probabilities = 1.

 sint QIn_

Use the appropriate
@ values from your
probability distribution.

@
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n =13 so, for

* example, % = 3.25.

This is rounded up

to 4, so Q, is the 4th
observation from an
ordered list,

Identify any outliers,
deduce the whiskers,
then draw the box plot
using your Q, @, andl
Q, values.

Riming higher

The whiskers can be
drawn either at the
outlier boundaries,

Q, — 1.5 X IGR and
Q, + 1.5 X IGR, or
at the smallest and
largest data points
which are not outliers.

2 Thirteen students sat a test, marked out of 50. These are their scores:

33,25,36,40, 14, 49, 31,17, 31, 44, 35, 28, 34

(a) Write down the values of 0y, Q, and Q, for this data.

(€)

Avalue that is more than 1.5 times the interquartile range (IQR)
above Q, or more than 1.5 times the IQR below Q,1s called an outlier.

(b) Draw a box plot for this data,

(a) Rearrange the data in ascending order as

14,17, 25, 28, 31, 31, 33, 34, 35, 36, 40, 44, 49

n=13 .

T = 3.25, round up to 4, Q, is the 4th Item, so Q=28

g = 6.5, round up to 7, Q, is the 7th item, so Q,

20 = .75, round up 10 10, @, Is the 10th item, so a=3 ¥

(b) IQR=36—-28=5,15XIQR=1.5 X & = 12

Q —12 = 28 — 12 =16, 50 14 is an outlier

\/ for the two.outllers.,
‘/ .for the whiskers.drawn.to 17, and 44

\/ -for the box.showing correct @Q,.Q,.and @, .

@)

=33 \/

(Total for Question 2 is 7 marlcs)

-
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3 A farmer collects data on annual rainfall, 7 cm, and the annual yield
of broccoli, b tonnes per acre.

The table shows the results for 10 consecutive years.

[ [75]79 |78 B4 [ 74 | 76 | 80 [ 85 [ 77 | 81
v [45]|48]47 5146|4649 (524748

The equation of the regression line ofbonrisb = 1.6+ 0.04r.
(a) Give an interpretation of the value 0.04 in the regression
equation.

@

(b) Comment on the reliability of using this regression equation to
estimate the yield of broceoli in a year when the annual rainfall is

(i) 70cm (i) 82cm

(2
(0) Explain why the regression equation is not suitable to estimate

the annual rainfall in a year when the yield of broccoli is

4.5 tonnes per acre.
@

(a) 0.04 represents the gradient of the rsgrgsaion [ing of bonr,
so for every increase of 1cm in the aru}*l»ualA rainfall ?he yieici. 'of
broccoli ln;reages by O‘.-O4 ?onnes per acre. ‘/

(v) () 70cm is outside the range OF_Fbe. original datg, so ,th,i.s,.is
an example of ex'l;fapolgtion which means that the estima{;e
will be unreliable. \/

(i) 52 cm is inside the range Qf the original datg, o this‘is
an example of interpolation which means that ?hg eétirnate?
will be r.eliab|e. \/

(c

<

The regression equation can only be used to work out the
dependent variable (b) given the value of the independent

variable (r), not the other way round. \/

(Total for Question 3 is 4 marks)

Revision Guide |
‘pages 62, 68,62

Relate your
interpretation to the
data, so write about
amount of rainfall with

respect to yield per
acre.

 pint 036 4

Look at the range of
the original data.

LEARN IT!

The response in

part (c) here is a
standard one, Consider
independent and
dependent variables.

45 J
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‘Revision Guide
page 59 ° g

Times are given to the
*+ nearest minute, so 5-9
really means 4.5-9.5

Work out in which class
intervals the 10th and
90th percentiles lie,
then work out the
positions within those
intervals using linear
interpolation.

Watch out! The class
boundaries are not
whole numbers.

46

4 Inasurvey, 120 shoppers in a supermarket were asked how many
minutes, to the nearest minute, they had been in the store. The
results are summarised in the table.

Number of minutes | Number of shoppers
1-4 5
5-9 20
10-19 28
20-29 -51
30-59 16
Total 120

Use linear interpolation to estimate the 10% to 90% interpercentile
range of this data.

"

(5)
10% _o_f 120 = 12, so the‘lOth P'ercgr!tile. is the 12th item and the
90th percentile is the 108th item.
The:12th fbem o/ the 4.5 to 9,5 class infarvl: I Is the 76h
item in a class of v_vlo.{bh 5 V
7
10th tile = 4.5 4+ —= X
percentile = 4.5 + 75 X 5
. SABFLTS

=czsmntes Y
e A e

90th percentile = 29.5 + 72X 30
. =295+75

37 minutes, ¥

| =30.75 minutes V/ .

(Total for Question 4 is 5 marks)
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5  All cars more than three years old have to undergo an annual MOT
test. 20% of cars fail the MOT test because of problems with their
lights. This is the most common cause of failure nationally. A group
of 5 randomly selected cars undergo an MOT test.

(a) Give a reason why the binomial distribution is suitable for
modelling the number of cars failing the MOT test due to a
problem with their lights.

@

(b) Find the probability that exactly 2 of them fail the lights test.
(2

A car hire firm has 15 cars taking their MOT test. Six of them fail the
lights test. :

(c) Usinga 5% level of significance, find whether there is evidence
. to support the suggestion that cars from this firm fail the lights
test more than the national average. You should state clearly the
hypotheses that should be used.

(6)
(a) There are only two possible outcomes, pass or _F_ail,‘;bnd‘ the

probability of failing is fixed at 02 ) V/ )

=sc,x 02 x08r ¥

<
-
a0
8
&
<
n
g
=

(b)

oz048 ¥V

<

(c) X~ 5(15, Ph I‘_ID_: P= 0.2, H: p> 02 3

There is insufficlent evidence to support the suggestion that
cars from this car hire firm fail the lights test more Fhan tha
national average. \/ )

(Total for Question 5 is 9 marks)

[heiinc Revision Guide
|pdges 75. 76

(s S|

LEARN IT! |

You need to know when
a binomial distribution
can be used.

You need to use the
number of ways of
selecting 2 outcomes
from 5 trials, with
p=0.2

 sint O5c_

When carrying out any
hypothesis test, you
should always write
down your hypotheses
clearly. This is a one-
tailed test so your
alternative hypothesis
will be in the form

Hep>..orHrp<..

Modelling

Always interpret your
answers in the context
of the question.

47

<

- Revision Guide
LR page B4
) o

For vertical motion
under gravity, always
choose a positive
direction (up or

down). In this case, if
you choose upwards

as positive, then

2= —9.8ms~2 since
gravity acts downwardls.

height of h, then it will
hit the ground when
5= —h

:

LEARN IT!

Standard modelling
assumptions apply here.

5= ut+ %ztz

Modelling
In part (b), you are
asked for modelling
assumptions. Think about
the standlard conditions
that apply in questions
involving vertical motion
under gravity.

48

SECTION B: MECHANICS

Answer ALL questions. Write your answers in the spaces provided.
Unless otherwise indicated, whenever a numerical value of gis
required, take ¢ = 9.8ms™2and give your answer to either 2 significant
fgures or 3 significant figures. .

6 Astone is thrown vertically upwards with speed 15ms™ from a
point [z metres above the ground.

The stone hits the ground 4 seconds Iater.,

(a) Find the value of /..

®3)
(b) State two modelling agsumptions made when calculating your
answer. .
@)
(a) 1Sms™ A

,'+‘ve"
l_a -

h

i

Usings:ut+%at3,5=—h,u=15,t=4énda=—-9.5 V/
—h=15>(4—%x 9.8 x 42 V/

_ —h = —18.4, so h = 18.4 and the stone is thrown vertically

(b) The stone is modelled as a particle. V/

Gravity is constant and acts vertically downwards. \/

(Total for Question 6 is 5 marks)
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7  Alift of mass 220kg is being lowered into a shaft l
by a vertical cable attached to the top of the lift.

The cable exerts an upward force of 2150N on
the Lift.

mkg

There is a constant upward resistance of 160N on the lift and the normal
reaction between the container and the lift is of magnitude 480NN.

A container of mass 111kg rests on the floor of the lift.

The lift descends with constant acceleration, ams™2.

(a) Find the acceleration of the lift.
(4)

(b) Find the mass of the container.
(3)

(a) Applying Newton 5 3rd law to the hH:

220@ + 450 = 160 = 2150 = 220a
‘/V for LHS Y/ for RHS

| mka | .| 326=220a

220g

(b) Applying Newton's 3rd law to the container:

480N I
mg — 480 =ma \/ °
m(9.8 — 1.48) = 480 \/

You could vse Newton s 3rz:| Iaw on the who(e system

220g + mg — 160 — 2150 = (220 + m)a_ \/\/

giving m = 57.7kg, as above \/

(Total for Question 7 is 7 marks)

Revision Guside |
pade &5

Use Newton's 3rd law.
You can apply it to
the lift, the container
or the whole system.
Choose whichever is
the most appropriate.

Draw a diagram showing

all the forces acting.

[ sint 072 J

Put in all the forces ~
acting on whatever
part of the system
you choose. Take
care with signs — take

downwards as positive.

Modelling |

The system is such that
all parts are moving in
the same straight line,
50 you can treat the

whole system as a single

particle or consider
parts of the system

separately. The container

and the lift remain in
contact, so they exert
equal and opposite
forces on each other.

[ sint QO7b

Another application of
Newton's 3rd law is
needed here.

49
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+

( Hint Q8a
The particle is in
equllibrivm so the
resultant of the three
forces must be the
zero vector. Set up two

simultaneous equations
inaand b.

Forces are vectors,

so in part (a) use the
equilibrium condition to
work out the values of
aand b.

_Hint QBb
Find the resultant of
F, and F,. Then find
its magnitucle and
direction. Use F = ma
to find the acceleration
of the particle.

Because the particle
was in equilibrium, it is
accelerating from rest,
so its acceleration

will act in the same
direction as the
resultant force.

50

Three forces, F,, F, and F, act on a parlicle of mass 5kg. The forces
are given as:

F, = 2ai — 5bj
F, = —dbi + 3aj
F,=2i—2j
where a and b are constants.
The particle is in equilibrium.

(a) Work out the values of 2 and b.
(3)

The force F, is removed.

(b) Find the magnitude and bearing of the resulting acceleration of
the particle.

)
(a) _I—:] + Fz + Fa = O since the par’tlcle is in eqmllbmum

2ai — 5bj + (—4bi + 32aj) + 2_[— 2j=0 \/
Equating i coefficients EquatlngJ coefﬁcnents

—5b+3a—2—0 V/

ea—12b=—s®x3

Subtracting gives 2!7

1O so!:r——S

(b) When B |s removed, the resultant of F1 and Fa 15

= tan2L = 53.47...° \/

20.

—1435 ¥V

Bearing = 90° + 53.5°

(Total for Question 8 is 9 marks)
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9 Arabbitleaves its burrow at time ¢ = 0 and runs alongside a straight
fence before returning to its burrow.

The rabbit is modelled as a particle moving in a straight line.

The distance, s metres, of the rabbit from its burrow at Hme
t seconds is given by

s= éw — 166 + 6417

where(<st=<8

(a) Explain the restricion 0 <t <8
(3)

(b) Show that the rabbit is initially at rest and find its distance from
the burrow when it next comes to instantaneous rest.
(6)

(a) 5= %( — 163 + G4t2)
= %ch 16t + 64)
= % 2(t - & \/

s=Owhent=0Oandt=5 \/
For va(ues of tin the range 0] to a the value of 5is always
POSItIVe since {:2 and (t— &)2 are both > O ‘/

) o B2 ‘/

v= ~(4t3 45.62 + 12&1:)

NS

= gt(tz 12r‘+32) o o
= g—t{t = 4)(t = &) V\/ -
Owhenf—Ot 4and.‘:—5
50 the rabblt is at rest when t = O and is next

msLantaneous]y at rest when t= 4 \/

X 4 (-4——8)2 V
2m \/

5=

l
5
= 51

(Total for Question 9 is 9 r.xiar.ks)

TOTAL FOR PAPER IS 60 MARKS

Revision Guide

: pagss 21, 92

Factorise and interpret
the equation in the
context of the problem.

Modelling

The rabbit is modelled
as a particle moving
in a straight line with
its distance from its
burrow, s, given as a
function of time, t

Instantaneous rest
means v = 0. Use
calculus to find the
relevant value of tthen
use it to calculate the
distance,

You will need
calculus to connect

expressions for s and

v and consider times
when the rabbit is
instantaneously at rest.

51

Formulae list

Pure Mathematics
Mensuration
Surface area of sphere = 4772

Area of curved surface of cone = 7 x slant height

Binomial series

(a+W" = ab+ G)a"‘lb + (g)a"-zbl-:- sy BB (Tif)n”"b’-l-

. 7!
where (n) ="C = — T
7 ri(n—7)!

Logarithms and exponentials

i logb 5

e:]nn = g*
Differentiation

- f(x + h) — £(x)
=g —
Statistics
Probability

P(A)=1-P(4)

Standarddeviétion
Interquartile range = IQR = Q3 =

For a set of n values x,, x,, x,

, , (Ex,-)z
S.\’I = E(xv'_f)— = in——- n
See sz
Standard deviation = = Or s
Mechanics
v=1u+at

1
=ut +—af*
s=1u .2rz

1
§ = vt —Zat?

2
v?=u?+ 2as

§= %(u +v)t

+b" (n € N)
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