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Do not write
. outside the
Section A box

Answer all questions in the spaces provided.

1 A circle has centre (4, —5) and radius 6
Find the equation of the circle.

Tick (v) one box.
[1 mark]

(x—42+(+5°=6

(x+4°2+(y—-5°=6

(x —4)%> + (y +5)° = 36 /

(x+4)% + (v —5)* =36

2 State the value of

sin(m + &) —sinm

it i 4:'5@5

[1 mark]

Circle your answer.

cosh 0 1

cos 7T =
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3 The function f is concave and is represented by one of the graphs below. box
Identify the graph which represents f.

Tick (v') one box.
[1 mark]

yl\ yl\
0 X ‘/
%) X
VA VA
S 0 X
0] X

Turn over p
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4 A box

6.1 cm

38°

B 8.7 cm C

The diagram shows a triangle ABC.

AB is the shortest side. The lengths of AC and BC are 6.1cm and 8.7cm
respectively.

The size of angle ABC is 38°
Find the size of the largest angle.

Give your answer to the nearest degree.
[3 marks]

G.\ - -7 =L = s RN x S D8

—_—

S 2B S G.q

—_—

. = &\, W, 1go_é\-t-\—°

oS T S oyYymooee

BaC - 19% neoveay oo

0 4
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5

The binomial expansion of (2 + 5x)4 is given by

Do not write
outside the
box

(24 5x)* = 4 + 160x + Bx? + 1000x° + 625x*

5 (a) Find the value of 4 and the value of B.

[2 marks]
(2= = 2% + 21w o 2O E)E)a® o | .
=
= o\ v oS A
P o\
S eo0
5 (b) Show that
(2 +5x)* — (2 - 5x)* = Cx + Dx*
where C and D are constants to be found.
[2 marks]
G__ Sx\/q T N\ — O - 6cx>.9c2 — \cz::cm:c3 4 LS
(= +s:;c,>"* : & + 160 2 i+ CooX? + oo & TS T

(2+S:c>(\'_(\2f5‘:c,>ucf. 2200 A QOOC’)::C,S

06
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5 (c) Hence, or otherwise, find box

J((z £59* — (250 d
[2 marks]

=
200~ 4+ 2000

\
J

O - soo—Y A C

f

Turn over for the next question

Turn over p
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6 (a) Asif notices that 242 = 576 and 2 + 4 = 6 gives the last digit of 576

He checks two more examples:

272 = 729 292 — 841
24+47=9 2+9=11
Last digit 9 Last digit 1

Asif concludes that he can find the last digit of any square number greater than 100
by adding the digits of the number being squared.

Give a counter example to show that Asif’s conclusion is not correct.
[2 marks]

B\Q: A\ ok B3\ =% st |

6 (b) Claire tells Asif that he should look only at the last digit of the number being squared.

272 = 729 242 — 576
72 _ 49 42 — 16
Last digit 9 Last digit 6

Using Claire’s method determine the last digit of 234567892
[1 mark]

K2: 2 = ooy d\_c;;'ﬁ— z \

0 8
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6 (c)

Given Claire’s method is correct, use proof by exhaustion to show that no square

number has a last digit of 8
[2 marks]

(= =

2% 4 omlEe— (oUL Lo Ciohvres roct i

2 : A S@tre— el v VS or S

0 \G NOe So-are b ence rh o S
s*:- 25

&% 3¢

'7Q-: uS

2% oy

qQ': =3

Tohi-les)

Turn over for the next question
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7 The curve y = 15 —x2 and the isosceles triangle OPQ are shown on the diagram
below.
VA
3: \S_xz
P Q

|
|
|
|
|
|
|
|
|
|
|
|
| R

e q X

Vertices P and Q lie on the curve such that Q lies vertically above some point (g, 0)
The line PQ is parallel to the x-axis.
7 (a) Show that the area, A4, of the triangle OPQ is given by
A=15g—¢q3 for0<g<c

where ¢ is a constant to be found.

[3 marks]
"ot &R = (‘S’CiQ-)
h:gr-br‘m}wga = 25?/
2
Pren ~ \ x Zg K/IS‘—-@2 :Q/)%‘—?,)
Z— - -
2.
g: S-—axz2 cohen Y= o R :»:_c—_\’jrS
c ==

10
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7 (b) Find the exact maximum area of triangle OPQ.

Fully justify your answer.

[6 marks]
2
Aceon = sSg — g°
TmMaxX aree e Oy =60 \5—39?'20
O’% 2225
g < J=
oA - -6 e c J= o o
dg= o152 velo-e
ren g=Js ISg ~ =

rnex oo, = IS/ — sJ/Ee - )o Jo S

Turn over for the next question

Turn over p
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8 (a)

1
Sketch the graph of y = —
X

=z

Y

-

A
S

-2 ~ A

\
=

{

[2 marks]

Do not write
outside the
box

() 1 2

oL 1

=V

12
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8 (b)

1
The graph of y = — can be transformed onto the graph of y = % using a stretch in
X X

one direction.

Beth thinks the stretch should be in the y-direction.

Paul thinks the stretch should be in the x-direction.

State, giving reasons for your answer, whether Beth is correct, Paul is correct, both

are correct or neither is correct.
[3 marks]

Bethn = Ogvects a = et

e W dvedibion =e Crcdoy— 9

= b e ot

Turn over for the next question

13
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Do not write
tside th
9 Given that ok
logo x3 - Iogzy2 =9
show that
x = Ay?
where A4 is an integer and p is a rational number.
[4 marks]
=
log, 2 = 2
)
N =2
= el ) Z = Sy
2.
M > =3\s\2o =2
=
=z = |]Y=
[a—
1 4 Jun22/7357/2
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Do not write

tside th
10 A gardener has a greenhouse containing 900 tomato plants. ok

The gardener notices that some of the tomato plants are damaged by insects.
Initially there are 25 damaged tomato plants.
The number of tomato plants damaged by insects is increasing by 32% each day.
10 (a) The total number of plants damaged by insects, x, is modelled by
x=AxB

where 4 and B are constants and ¢ is the number of days after the gardener first
noticed the damaged plants.

10 (a) (i) Use this model to find the total number of plants damaged by insects 5 days after the
gardener noticed the damaged plants.

[3 marks]

25, 2S X222 2sx =D

= =
0 25 x\ 2D 2SS X120 = OO .\

S\ plaves were, da~aa=Oo

10 (a) (ii) Explain why this model is not realistic in the long term.
[2 marks]

Trore e rear o '\rzé-'\hwf-)e, w&-@m&
2t s reooie) e v (g Vo7

16
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insects is given by

% ~ x(900 —x)
dr 2700

A B
J(;+7900—x>dx: de

where 4 and B are positive integers to be found.

10 (b) (i) Show that

(' 2N

10 (b) A refined model assumes the rate of increase of the number of plants damaged by

[3 marks]

= (ae
'JC’CGIOO~DC,> J

2N B =
> (920 —ar) =z Sco—C
p—

27060 = ro»-:c)a A R

ek - o0 =S8 \e=b— = 9D

SR ravel-S e al=]

==

Question 10 continues on the next page

17
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10 (b) (ii) Hence, find ¢ in terms of x.

Sco -
N

10 (b) (iii) Hence, find the number of days it takes from when the damage is first noticed until
half of the plants are damaged by the insects.

ho\C aC 9o ploes [2 marks]

2~ [(BExuso) =T st

oo

Sl =25 =—T B o I~ Y H_d%q

[5 marks]
k) == Sco<
T o 2=
Bl — 3\,-,(qoo—:c)=-1—_..c_
DA 2SS —z\ﬁCsvsj = <
2s
33 =
=2 =)
\
2 1n L = o S 3_3\
as =/
\a >~ A (9o -=20 i s S e —L,_
> 3D
2\ — — L s
2\~ [ & X=E\ = T
s = lw ol J
L[S\ -
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Do not write

. outside the
Section B box

Answer all questions in the spaces provided.

1 A moon vehicle has a mass of 212kg and a length of 3 metres.
On the moon the vehicle has a weight of 345N
Calculate a value for acceleration due to gravity on the moon.

Circle your answer.

[1 mark]
0.614ms~2 1.84ms2 4.89ms—2
2SS = 2\2x
=
12 A car is travelling along a straight horizontal road with initial velocity #ms—1

The car begins to accelerate at a constant rate «ms—2 for 5 seconds, to reach a final
velocity of 4ums~!

Express a in terms of u.

Circle your answer.

[1 mark]
\
a=0.2u a = 0.4u a=0.8u

W= o Vi o+ab
= o= 0 +So
c-<
V= WO 30 = Sao

) =u T4

Turn over for the next question

L -
19
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71X

\

Do not write
outside the
13 In this question use g =9.8ms 2 box
A ball is projected from a point on horizontal ground with an initial velocity of 7ms~!
at an angle 0 above the horizontal.
The ball reaches a maximum vertical height of # metres above the ground.
13 (a) Show that
h=25sin?0
~ 1\ [3 marks]
1 ( ) S = 2
/ U =S &
) 4 [ VvV = o N OF A 2ag
/ ! S = - =, g -
e O-USsIi~ @ — R &h
B.eh - N9, 2@
h - 2. sS85
13 (b) Hence, given that 0° < 0 < 60°, find the maximum value of 4.

[2 marks]

ax valoe S99 bah oo OO

%X
\ :S\némzé

=

(R]

So Ox heght = 2.5 ,~%20 2.Exs - 1S

= \-g_)Sr\q

2 0 Jun22/7357/2
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Do not write
outside the

13 (c) Nisha claims that the larger the size of the ball, the greater the maximum vertical box
height will be.

State whether Nisha is correct, giving a reason for your answer.
[1 mark]

\CrerTE— < ey @fze_)ﬁxgawm_wcj—_\m’:@g

Turn over for the next question

Turn over p
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Do not write
. . outside the
14 A £2 coin has a diameter of 28 mm and a mass of 12 grams. box

A uniform rod AB of length 160 mm and a fixed load of mass m grams are used to
check that a £2 coin has the correct mass.

The rod rests with its midpoint on a support.

A £2 coin is placed face down on the rod with part of its curved edge directly
above A.

The fixed load is hung by a light inextensible string from a point directly below the
other end of the rod at B, as shown in the diagram.

10rn e
" ’[\ B
A
29
10~ Y
14 (a) Given that the rod is horizontal and rests in equilibrium, find m.
[3 marks]
T oS Ao 2T Senibre
\29 X & = asls! x 28T
.S =M
14 (b) State an assumption you have made about the £2 coin to answer part (a).
[1 mark]

Y e sy hae oA A= ONMNESy—

2 2
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15

A car is moving in a straight line along a horizontal road.

The graph below shows how the car’s velocity vms—' changes with time, ¢ seconds.

229

Over the period 0 < ¢ < 15 the car has a total displacement of —7 metres.
Initially the car has velocity 0Oms—?

Find the next time when the velocity of the car is 0ms~"

[4 marks]
P\—rpc.m = /""‘—S\AQ = 27T -\
~—~ "N %
(D = (oY x2 o205 — 2T
N~— — 4

| 4+ 2T 10 —Cczo—orr> — 20 = =77

L+ —woo=-—T]

)

LT-=-=23 T =2 = S 25 ="

—

U

2 3

Turn over p
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N~

2 4

Jun22/7357/2

16 Two particles, P and Q, move in the same horizontal plane.
Particle P is initially at rest at the point with position vector (—4i + 5j) metres and
moves with constant acceleration (3i — 4j) ms—2
Particle Q moves in a straight line, passing through the points with position vectors
(i — j) metres and (10i + cj) metres.
P and Q are moving along parallel paths.
16 (a) Show that ¢ = —13
[4 marks]
e (Cai s © 14
VST o 18T ~ CQ
& = 3'7 -4
~J
V T Ry -t.\,::rb R AoveNek [+ Q—\-\‘b
ol SR , A (e A
= < Y 2 ~—
. =D
2 -4 > 2 0 -~y
Sy =L\
=
Car\ = —\2
= —=
16 (b) (i) Find an expression for the position vector of P at time ¢ seconds.
[1 mark]
== = == B =" ol . +g"\
Oz=o
Vo 26l — G S L4V E
=z —
=z -y = 2 (=L 0\ b
2
= =2l - 2%
~ 2
22 - A
o o hvne B ~(~———q"\\, 4‘/‘5—211:2-3'\
2 / ~— 7~
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Do not write
16 (b) (ii) Hence, prove that the paths of P and Q are not collinear. Omézithe
[3 marks]
® ccec (C‘(Dm(L—N\\'(‘D /C?IL,-\3:\’\
< — < <
S e R0 —\213 = Ll—(\ 2L~3’1>
~U S| Z_ 1o S—’Zt:?‘__))

So moves = o2 “\J

2 (=L —27)
i

BL~2Y onal 2L —2) G o

e\ o OO v colhwvea

Turn over for the next question

Turn over p
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Do not write
17 A particle is moving such that its position vector, r metres, at time ¢ seconds, is given Omﬁii e
by
r=c'costi+e’sintj
Show that the magnitude of the acceleration of the particle, ams~2, is given by
Tesvu—}A a = 2¢!
Fully justify your answer.
L etoosa [7 marks]
@ A - eCooct e'c(vab} < v=eFE J-ooelb
ot 2025 4y oS
- = Foose — S e o
o™ _ re,b Sinke & eleOSt:j u‘ecs\:'t‘:
j do, - =€ dv, cogt
= —2efsint U a o
@ —2 eb Swvle
dr = st + SScose |
ot
P - st + &St + Foost - P?émt
ot? . 2SS anst
|al = f(fZe'c sme) Ty (25 cost:\z
) N— 7 ~ 4
. Eelemzf: r LetCaas?e
= v\ Le?= (sS1n2C+ cnc”*t:)
= ) e
< 2@,'5
Mo
2 6 Jun22/7357/2
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18 An object, O, of mass m kilograms is hanging from a ceiling by two light, inelastic
strings of different lengths.

The shorter string, of length 0.8 metres, is fixed to the ceiling at A.
The longer string, of length 1.2 metres, is fixed to the ceiling at B.

This object hangs O.Gmetres directly below the ceiling as shown in the diagram.

.L\-S-E>° b‘o
A |  Ceiling ( B
S\f‘\—\ CE ) b2 A7\
o L*BG 0.6m = (:}
= 86 - o
~" T Y =

O
18 (a) Show that the tension in the shonLr string is over 30% more than the tension in the
longer string. s

[4 marks]

—_ Ta Cos 028.6 = To = 30

T X061 ~Tag ORLLODOS

Te = T3 X O-86L02%S

.12

T = 2 \.20948

COMCIN e "\’F,‘ = e X e nmoce
o TR

2 8
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18 (b) The tension in the longer string is known to be 2g newtons.
Find the value of m.
[4 marks]
r‘rB = TQ S1A NS - Ta sSH 3O
Ta~ 29

mng = 2020 SN U .65 o 25950 22 Al T 2.629

— — —
Mo © 29.cs9Ses -.

—

M= 29 ccs=2S .. .

Mz 2. co (1d)
— —

Turn over for the next question
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19 In this question use g = 9.8 ms—2

A rough wooden ramp is 10 metres long and is inclined at an angle of 25° above the
horizontal. The bottom of the ramp is at the point O.

A crate of mass 20kg is at rest at the point A on the ramp.
The crate is pulled up the ramp using a rope attached to the crate.

Once in motion, the rope remains taut and parallel to the line of greatest slope of the
ramp. _»> S
A a2

C/

O 25° 209

19 (a) The tension in the rope is 230N

The crate accelerates up the ramp at 1.2 ms—2

Find the coefficient of friction between the crate and the ramp.
[7 marks]

Cnar = T — - 203 = Q-S

> 22X 2SS

Cret = v = 2OX1.2 = 24

22— - 22.822

N
I
1)

L))

2=.\¢m

\ 22 .\77 = M X 2= 2S5

Mm= 093

30
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19 (b) (i) The crate takes 3.8 seconds to reach the top of the ramp.

Find the distance OA.

[3 marks]
QT .2
\
E-=.s Stk 4+ o at?
w = < =_\_X1_ax3.81
- =

S =

= e

o woes 1O loag

So S/e = 10~ RN 2 V2RI M

= 1-20 2=

19 (b) (ii) Other than air resistance, state one assumption you have made about the crate in
answering part (b)(i).

[1 mark]

e oate Yo aam rredio\anl oS o

mf{: L

END OF QUESTIONS
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