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Answer all questions in the spaces provided.

]
!
!
]
|

State the set of vaiues of x which satisfies the inequality
(x=-3)2x+7)>0
Tick (v') one box.

X -—<x<3}

7|
X: x<—30rx>2

{
{
. SR
{

X:=3<x<= }

Given that y — In(5x)

dy
find —=~
dx

Circle your answer.

dv_1 dy
dx 5x dx

=%l

L

Xy 3

xx £ =T
> 2

-1
4

dy

E—|n5

[1 mark]

[1 mark]

4 . . 5
9% 5=

= 35 - g/
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3 A geometric sequence has a sum to infinity of 3 : box
|

A second sequence is formed by multiplying each term of the original sequence by —2 '

What is the sum to infinity of the new sequence?

|
| Circle your answer. ‘
: [1 mark]g
| |
’ The sum to ;
; infinity does not -6 -3 @ f
; exist ‘:
i
i
4 Millie is attempting to use proof by contradiction to show that the result of multiplying 5

an irrational number by a non-zero rational number is always an irrational number.
|

. !

Select the assumption she should make to start her proof.
i

Tick (/) one box. f,
[1 mark] |

Every irrational muitiplied by a non-zero rational
is irrational.

; Every irrational multiplied by a non-zero rational
| is rational.

| There exists a non-zero rational and
s an irrational whose product is irrational.

There exists a non-zero rational and Ve
an irrational whose product is rational.
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Turn over for the next question
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| ‘otiaa
5 The line L has equation L box
3y —4x =21
The point P has coordinates (15, 2)
| 5 (a) Find the equation of the line perpendicular to L which passes through P. ‘
l{ 4wo lines are f{’rancQ:cd(Qr +en M, = «| ¥ %/ _ [2 marks]
A 3mal-m+:r X, =] o SN
4-2 = -3
| 33 = x-S B
| 3 - L('v + 2 | o [ox=tg)
(ﬂ — (d - 3 = .‘/ L8 s
= My ox o+ 1 T
(j (3 4!3 -8 = -3x +u4S |
Gro\a’\‘eh-ﬁ = q/ TY + s = £33 !
=2 o
Cﬂadm+ o-f L = /)(‘"‘1"! E Y ag/.ac -fI}
5 (b) Hence, find the shortest dlstance from P to L. q b |
33 -y x ~Q, . - €1 [4marks]§
4 y +23x = ¢y - -- -G bfﬁance fcom a Point in L
3-(°‘VM3 1) an () fsmwl—lﬂmomtw (34 ’)) afvl P {lf;‘t)
fomGy 24 = 2] t 4x Ditonce = [4 =x  + o %
% W T 1 37 L
| (j = [ + Yx S
‘ P~ i %
3 - [(_3 = u) + (llr:e_)
% 3 = N 4+ ;{/d 'l—"_LT'———:__.

2 SN EEEREE
erlqcinﬁ (5‘ e G z 22¢ ~ IS
l‘("”‘*/ |+ 3x = 53
i - / -

bu%:mce = 15
RE + 16, x +3x = S3
2=
=
&‘x -
3
D A zAEX3 = 3
! /.2{ ][
: . =2 |
TTTERNEEAS
0 4 3 PO Jun21/7357/1
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6 (a) The ninth term of an arithmetic series is 3
The sum of the first n terms of the series is §,, and Sp1 =42

Find the first term and common difference of the series.

H " [4 marks]
AN S a + (n-1)d
ql'c. ‘[’?rm = a +(q-l)o' = =2
a + d = 3 - - - ..Uy
_f. ) -f)_ [Qa +(noI\d—[
: o}
S - 21 [ 2a +(:u-a)0'7 - 42
-L‘ ""; —
- ap | a8 ¢ 20d) = y3
A

C 21a F2A16d = & —w - o

jv\vinﬁ (1) qnc’ D f\'qu‘ancowCS -

a +¢&¢d = 2 D A= 2 - 4&d
Qla + 216d =42
S 2'(3-86*> +n1od = U2

G2 -16¢d +210d =~ 42

h4ad = -2
d = ‘_Q&):-OS
U 2

Covrrmeon A;H-erem_p(d) T

L
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. 6 (b)

A second arithmetic series has first term —18 and common difference %

The sum of the first n terms of this series is 7,

Find the value of n such that 7, = S,

—

!
1

i

i

) [3 marks]
fn i a =~ 7] , d=- =0.53 -fht Di.(‘.'l0x+(h°'
fh - Nn_ (:z("’) - O'f(r‘)'l)> |
/;2 1
f
) (4 o in aer)
"
! T N\
=B tdew ) |
2 |
A |
r!ﬂ . q-,—r.?” gl: 3/q:0~"Tf
T, = n [Q(-qx) +o-q5(n—/))
o
— !\_(-36 Fo:NLn —-O-OI)
oy
= I (—36~qs +o-'7:r7)w f
D i
{, = Ta
n/(lg-5 ~ o ;n) . %(-36-’{.&' + 61L )
Turn over for the next question
"5 14-§ - 0-SN = -236 .15 + B s
1§ -2 4 G- 7F 2 5" nFO 50
Sl-25 = "ZI" %
(2 f VRS
:> n = Yl |
'
. n = Y
Turn over p
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7 (a)

7 (b)

(,e+

The equation x2 = x3 + x — 3 has a single solution, x =

By considering a suitable change of sign, show that « lies between 1.5 and 1.6
2 [2 marks]

a2z x*4x-2
13"3(14—3( -2 =0

fCx) = x? - x4 x -3

ECies) = - 8)° ~A-5) % 108 ~3
| r -~ 0-3785 £ O

f£(r1-6) = (€)% -(i-e) 4 1-C-2
/
= 0“365":)

H(’w(e X X Lbetween [-< Qﬂo, | -6

2 3

Show that the equation x* = x° + x — 3 can be rearranged into the form

X2=X*1+;
[2 marks]
X P 4= 3

3 - ¢x1'DC+3

M\Auv'pfjing botl,  Sodev bs{ (";-‘r)

L (s3) = [2a¥-x+3)
/x /x
X = -] +3

|

i
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r" Do ot wrio
L7 (c) Use the iterative formula oms[,oite
|
| R
Xpt1 = xn*1+x_n
with xq = 1.5, to find x5, x5 and x4, giving your answers to four decimal places.
s 1 Oox . [2 marks]
R:\/.x'-l—%i DXyt 1e£0 43
=. % T3
_ : T [Xg - T T3
! B [' S -1 4+ 3 ¥ . X3
| \ ]-5 :f,.sqq3-|+3 [
D, = | SEU J 5743
| |
i‘x N [T,r L 4 2 i X, = (- $7 L{g [
A e N 1
= [S8t -1 * 3
1-08 (|
7 (d) Hénce, deduce an interval of width 0.001 in which « lies.
x [1 mark]
| :cz ~ [t E5TY3 : ‘XH : F8IYE 2 (-89 |
’Lﬁ{(e,';[o(p p( ]:(J bk'{weﬁﬁ
-1-574 £ &K £ |.5s1s
Turn over for the next question
Turn over p
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Given that

show that

C!_(t'r‘2 © 4+ in26

9sin? fl +sin20 = 8

8coted 2cotl 1=0

g

-
-

Do not write
outside the
box

1

[4 marks]

4 'n?@ + 2 §5in© (os

—

MU‘J’)FM'":}

&
|

L ott

Jl‘d e [a:.}

_(;r"" 2]

-

= |

S\'v""l 6

O cin3*® A 2find co.re))

)

£HntH

Q 4+ 2 cosd

-~

4

m—

fin® Sint®

z =

-
—

Cot O

tan ©

]

e

b

£

L |

$intd

-

d

+ 9
I

(of B

—
-—

&

Sin o HalD

9 + 2

(ot ©

-~

R Cosec™ ©

3 & a

cot &

1

& (Cotle —\-\)

Q4 + 2ok &

-
-

§ Cot?® + §

\r

L ottD 4+ ¥

-

ACot & - 9

REot™® -~ ot o - |

O

-
-

A’? vegulired .
I

]
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8 (b) Hence, solve box
9sin? 0 + sin20 = 8
in the interval 0 < ) < 21
Give your answers to two decimal places. .
T ¥ S0 e - . [3 marks]
a’_in + Sin & 'f—omo: % - tank - -
> §ot*® - acot e - | =° (
] - -
§L€+ X = (ot & €= tan 2 or ® - 4anr ('-q)
O S = . LI
g Lx - | _o- 107 ¥15¢8
X = P 't_ ("A)'L"‘J(YX—() - Ov y 4 0w
FToFF 1= Fagg 7§ =y 18 Tl
2 (%) 2 4-957
- 2 + 6
e o
. B 1107 1-815¢,
* = e |
| L Y H-24&%17  yqf7 i
D Xpwte < | 9 tene s 2
= = LH - -
C(ete = -y D +an o
8 (c) Solve

|
|
|

fom

95in2(2x - 1}) + sin(4x —g) =8

in the interval 0 < x < g—

Give your answers to one decimal place.
[2 marks]

COM\)aﬁr\q K,P ey uabon L 90a18 4 Gn 28
i) 7 ]

S 0 -fax-t) o ae zfux-Tt]
7 Y y 7%

8(\9) ® = |fo7 = a2x - 1,
"o

AN s g

Y
. (;vmfé’#“/)

7YYurn over >
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9 The table below shows the annual giobal production of plastics, P, measured in
millions of tonnes per year, for six selected years.

Year 1980 | 1985 | 1990 | 1995 | 2000 | 2005
P 75 94 120 156 206 260
It is thought that P can be modelled by
P=A4x10"

where ¢ is the number of years after 1980 and 4 and k are constants.

7D= A Xio

i
i
{ 9 (a) Show algebraically that the graph of log4g P against ¢ should be linear.

Va2

+H

[3 marks]

Y

Lt
| ! () _ \ (- A 10 ,)
{ 09 F = e o
'o 1 O
"G
Lt?q P = L’g A+ Log 10
1© |o | o
| log 7 = Tog A + Kt Log '®
10 10 [0 1
Bui  Llog 1o - | |
o
{ L\O’ P - Lgn A + )Ct |
| Jrol ) J(O |
' 9 (b) () Complete the table below.
| |
t 0 5 10 15 20 25 :
logoP | 188 | 197 | 208 [2:19 | 231 | 24| |
[1 mark]
kllatcn l‘,‘ - lf
log P = keg (56 = - 11
1o =)
| e 2-Y4 |
Lbj P = LO':’) Q60 -
{ ) 10

L

Jun21/7357/1
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9 (b) (ii) Plot log;g P against 1, and draw a line of best fit for the data.

[2 marks]
logyg P A
L R A e
' = BE {
=t . L] .—jl"db— i
2 =
de=T
T } . % !
1 I
0 ' =
0 5 10 15 20 25 t
9 (c) (i) Hence, show that k& is approximately 0.02
Taking e fuvst point and o Last point [2 marks]

K

1

Q-4 — |- ¥¢

28§ - 0O

= 0-0212 =~ -0

- K = o-.-02

9 (c) (if) Find the value of 4.

‘ ; 1 K
A 1S ‘H*\P Nalue o.f He \j_ ,n-}g,CtFt :'_&?[ mark]

log P = 1-t¢

re ER R

3 ’Pz\o = ns

|
| || I R

Turn over p
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i llog /[g3000\= Log 1o

i 9 (d) Using the model with £ = 0.02 predict the number of tonnes of annual global
! production of plastics in 2030.
; Wt [2 marks]
| P= A X0 A=TS | K=oon
E é": é"gv "'\e!‘r'“‘)/\ - -(O
D ,., (002 X £ ’
= X 10
)
= 1S X110
? = L0
= T S0 m]”ion ‘]‘Onnfi
|
L9 (e) Using the model with 4 = 0.02 predict the year in which P first exceeds 8000
Kt [3 marks]
P = A %o
6-02t
foeo = Te X110 Jear = 1980 4 1
'ﬂ"‘sOGlucfna‘ LOqQﬂHm b lgo\{ Sides? - 20%%-
= =

o-62t

Log

IO

9 (f)

10\ '-]S/ ~: \/(Gu = 2

106 -6667 = 0°02t log 10

|o

202 ¢ = 0.?/QL

001 "/"‘Q

&‘:lOI*L( = 18|

Give a reason why it may be inappropriate to use the model to make predictions
about future annual global production of plastics.

[1 mark]
/ﬁ\e UUOf(a' ot || 'pvoduce lecs }chtﬂ'l‘c: —}-o
b-? More e,n\l{fonmen‘\'%(,(,ﬂ fF«.‘ena”wL( .

|

{
[

1
i

i
|

o
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3 outido tho
utside t
10 (a) Given that e
y=tanx
use the quotient rule to show that
%zseczx '
[3 marks]
b\ = +anox = Jinx
! - Co £ 3¢
d [ inx
d > ( co.t-x,}
| u - = ‘ l {
| Sing_ guohert nie dy = NVu -uUvv |
i |
d ¢ v
‘-€+ U = fim x NV = {08 X
\ \ &
iy = to§Fol N = —=JSinx ,
:5 dy = (ot x (ron) = (inx (—-S?ﬂ")
d x -0 |
L(o ¢ D() E
= cos ol 4 fintx
Co.rlx
RBut  cos®x 4+ cinx = |
— dy - ’ - j-cc-LD(
dp(_ Cof"‘)(.
A\l
b d‘d = Stc pla

I

Jun21/7357/1
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10 (b) The region enclosed by the curve y = tan® x and the horizontal line, which intersects box
b . . .
the curve at x = =3 and x = % is shaded in the diagram below.

¥

=y

Show that the area of the shaded region is

n—2
Fully justify your answer.
b [5 marks]
A‘MO\ undu —]{9 (Uvwn e 3 ( L§ OIDL
J
e
Y
-~ Jarl s  dx
J
=T
/qw
1,
e [ (scclat - ) d x
"%
. |

%7

Turn over p
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: a s
= tfanx - x [ _ 11, o
{ g Tef -
| ,/_i_a ’ﬂ - £ > -~ o \
%) "% ) (%) - (%))
- [‘f‘/’/')’fr‘/\
o \ 7/
= “/q 1= (kf
= L - 21
Lf
= k=T |
g
| Affﬂ of He vedungle |
1, x tfan /1 )
-i—qﬂqx /2 ( Wi
| = T
E (T‘/u +T‘/'r\):1(-\. Q }
% /4180\ 0f H’\P JLO\UIC’J ((8-00 ~ A“Ch 0%4‘{‘? - A‘(?a uﬁm‘tv
| veckang le Ao tugwe
- - - T
e (2~ %)
Tl -2 4+ Tl
= % |
d T' o

I
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11 A curve, C, passes through the point with coordinates (1, 6)
The gradient of C is given by
12
ix 6 (x»)
Show that C intersects the coordinate axes at exactly one point and state the
coordinates of this point.
Fully justify your answer.
i ) " [8 marks]
| d J - x v
dp( G
" = .
| l d g % [ D! d x
o i
J
| E . A
- y dy = | ( x__dx
=)
c
z
{ -
| Y ! = ), ( ) 4+ ¢
—T 7 N 3)
| 4 1. S
‘j # 0 top (au e (-xr s und efined at y=o0 ,
1 ,H,\e,(g-fa(e C JOCJ’ no+ |‘n Lenec*F ‘Hw? o Q‘JC\!-§
1
At (,6) |
-1 = VvV 4 c |
—— —— i
G | 8
= C = -] - ) - - 2~
7
3 | € 9 |
. - | - x3 - 3
& | § I
| B . 3; —
mw R
2 0 Jun21/7357/1
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1l
C

,oL“M’H X

-
J

';S Y = 9 c B*5
<

;'(‘;'\N?'f‘-"‘? ’HA’ (Jyve C, Cyurse s
; (o, Y -S)

Turn over for the next question

B

|
l
:i
|
a‘
i
!

1

s

Turn over p
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12 The equation of a curve is hox
(x+y)?=4y+2x+8
The curve intersects the positive x-axis at the point P.

12 (a) Show that the gradient of the curve at P is —g
[6 marks]

|'f: Hee (awe g ndersects He posihve x - axiv o phind
| /
P s Y =0

(x +0)° - t(p)+ ax 438
2

!

2 g ;e 4 ¥
. :(1- 22X - f =0
X = 24 J-ao -w()ew) 26
2 2
' x -y o« X = - B«H % &

':>A% P;pc:q!l:{':o 1

D€ﬁ!f€n5ah‘nﬁ (\;)(-\-:()q' = Yy + 2x + ¥ v'rﬂ,Pl\'cfH-i

S 3

3 4 2xy +31—: uy + 2x 4+ &

2 4 2x dy +a3+23d_q = Ydy +2

i
i
|

“dz ol x dx |
D Ax dy, + 29 dy - d dy = Q’Q-’f-aji
d ¢ TJ(. T.x
O"j (:Lx +:zj—q>: 2 = 2Adx - 2y
Tdx |
dj _ N - 220 = a2 Y
doc qo¢ F Ig - o
At L‘,D 0 o
dJy - 2-12(4)-0
o 20q) 4 0 - Y
| = ‘i = - 32
i fF_ =
MWIE - 29 = gradient = -2
d x 5 Jun24/7357/1
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1 12 (b) Find the equation of the normal to the curve at P, giving your answer in the form
ax + by = ¢, where g, b and ¢ are integers. -l
Gradient of ©f He vnormol = =%, - 3 [2 marks]
4 ~0o = 492, ( X - '—f>
) / i
3 |
4 = $3 = —\—/ \
3/

23

BLJI ) +3RJC

Qx-gj = x

Turn over for the next question

|
|
Turn over p

i
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13 (a)

13 (b)

0

S

A

|
!

Given that
P(x) = 125x° | 150x2 + 55x + 6

use the factor theorem to prove that (5x | 1) is a factor of P(x).

[2 marks]
Sx 4] =0 S X =z -!/!
Plt) = tac/-u\ ¢ 1eo/-L )\ 4 ecfop \ 4
IREERY. (75 k/‘(/ (7
= | +& - 11 4 6

) = 0
2) "F F('/:) il Hon C:acfl) v q {qcl-ar of P(")

Factorise P(x) completely.

Ujinﬂ _(.jrﬂte’rs'c division

[3 marks] 4

i
!

FCx" + 5 x + 6

Sx 4| 12€>2 4 [ Sox? 4 Sfx ¢ 6

(23 2* 4 54"

A

H_(ac: + £

124% 4+ 23X

~

6U/\1Lé
20 x + 6

(o]

(5x+|> (2“14 .'l.(.x-f-‘é) A\

(cxt1) (@ex™ +10a)+{1sx +6)
(S.xu) (SX(Sa(4-2> 4—3(511'1))

(sx+1) (sx +2) (5x+2)
(5.:(-\-1) (sxn) (SDHQ)

i

Jun21/7357/1
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i
13 (¢)  Hence, prove that 2501° + 30072 + 110n + 12 is a multiple of 12 when » is a ;

positive whole number. i
[3 marks] ;

250 n° + 300n" 4 110a 412 = 2 [Sn+1)(Sn41) (€n43)
2 (5n+r) (Sn-ﬂ') and (Sn'fi’) 4o ,PYW'HC{ ot f
Miee consecubve (wholt numbers.
/W’? ‘H—ree a(ge‘orw‘c {adro” mudt ctentain &

WU|HP\P O—_[- 2 qy\d' nnuJ"' q[JO Coh-,"q;n A
mqlh?\r of 2 qnc) ’Hﬁ ex a 2 g:ve_r |

’ A X X345 - |2

/(I\e«PF-lf 28ond +200n" 4+ (0N £+ |12 1v @&

a raltiple vfF 12

Turn over for the next question |

{
1
|
|
|

2 9

Turn over 2
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14 The curve C is defined for ¢ > 0 by the parametric equations
x=1t%2+( and _v=412—t3
C is shown in the diagram below.
VA |
i
|
i
§
0 Y |
14 (a) Find the gradient of C at the point where it intersects the positive x-axis. !
| |+ € irdrireck e Fm(h‘ve X ~edis, 4y =0 [5 marks] |
= P i 1 J 3
¢ " =
L L [ a L X =@
= L= g |
1 < b S ar % 4 g
-) e e = ;
Grd\olvu\— & (‘J-.{ = dy dt i
d x dt - |
dy - &t - a2t°
at
Ax . absy 3 Jb - | |
dt C 244+
D _dy = 8k -2¢. |
dx 24
.= £t - 3‘('1
p 2E+ |
I"“"r =4
dy . g(q) ——J(tfq) = =16
L )
b adiend = C’H = -1 Jun21/7357/1

6
—x q

Do not write
outside the
hox



27

Do not write
14 (b) (i) The area 4 enclosed between C and the x-axis is given by OU'SLQZ?( o
b
A=[ydx
Jo
Find the value of b.
M“ﬂ?ﬂ (J=_O ; {'—.D or E":- L{ [1mark]§
X = ET 4 b |
L(JLM -0 , =x=-o
E<dq | oc = 4744 -jb44-p 8 5 0 L x|L0
D b = 20 |
14 (b) (i) Use the substitution y — 4/2 — (3 to show that |
4
A:Jo (42 +71° = 2% dy '
™ [3 marks]
~ = k¥4t - (4+"(2++l)-{3(2b+|) a\&i
dx _ ot «) “o |
de = 3 3 v R‘J
5 Ax = (24+41) d* - {{& rut -2t -tYde

Jv 2 d

A - I ‘ \
o) : J( (4" 4 e -2¢Vde
% 0 l
a ° . |
B J(H(Atl-tz’)(:z%-H) dt| - (u(4t‘+qt3-zt‘”’)clt
° )
14 (b) (1i(i) Find the vaiue of 4.
J@t“mﬁ-zt”)de [ mard
T AT Tk A=
e W =
- 1(43>*:L(¢“)—y(4’) ~ (23333
3 4 ‘
. Qs+ 448 - 409 %
Turn over p
(]

27
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|
' 15 (a) Show that
sinx — sinx cos 2x ~ 2x°

for small values of x.

3

[,\[_C.’ns Small aﬂa|€ G\PP(OXfMCLHon [3 marks]
finx <~ X
cot ot A~ ¥ = _x: 3 (os ax X | - (ax)
i

-
| -

j’;'vnc - $in o2 X A& X - x((-axt}

+ g£*

l
b
[
X

! 3

- LAX = T OOres & 3%

15 (b) Hence, show that the area between the graph with equation

V = /8(sin x — sin x cos 2x)
the positive x-axis and the line x = 0.25 can be approximated by

Area =~ 2™ % 5"

where m and » are integers to be found.

[4 marks] |

| o‘:-r
- ‘RS

- 0

Q(anbc - fina (Cos o d x

PR

= [o‘?f 1£x3 dx- ( "C%— ds

J J |
025
- yi3 ( x @ d x
| JO 3 = f
=7 5 O~

{ /’I/{!{/’Q /’/ﬂ”/ ~l'/Q . Jun21/7357/1
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box

0
£
/,\
[M
\
e

: 4 [ a (o 2¢) % \ |
| k ¢/
| . | /2 ¥ b \5 ) |
( NP / |
) ] - A
[ [ “"/. \ g = Ptfd.u /"—/1/) X )
) :
| = L X & X 2
| £, 2 e ;
| - 5 x2 x»2
= 2‘2)( 5"

' 15 (¢) (i) Explain why

6.4
J 257 dx
6.3

is not a suitable approximation for

6.4
j (siny — sinxcos 2x)dx
6.3

[1mark]§
-3 ard 64 are not (~all values of X
; a\nol +CO a,)?'pfoxl'ma\{iggrml;{_ow\j VG{lTO' 1(>r

Srall wyalues . |

Question 15 continues on the next page
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3 Turn over »
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15 (c) (ii} Explain how hox

6.4
J (sinx — sinxcos2x)dx
6.3

may be approximated by
b
j 2x3dx
a

i for suitable values of @ and b.
[2 marks]
,(fnce /jinx - L{inoc Cos avc) S vyepehpve |
> ]
we__evaluake e intearal pver a  differed valoe
. 3 ]

| Uilng Sredl  values

i

| L€+ a 6-3 -2
| b - €Y - 2T
A \/ﬁ\r‘d' a,s-:’proaci ~mabkon -

1

o obtain

END OF QUESTIONS
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