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o Answer all questions. 4
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6
7
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Do not write
outside the
Answer all questions in the spaces provided. b
1 State the set of values of x which satisfies the inequality

(x-3)2x+7)>0
Tick (v') one box.

7
X3 5\.\4\3}

[1 mark]

{x:x< -3 orx>z}

2

{x:x<—;orx>3} \/

7
X2—3<X<§}

2 Given that y = In(5x)

dy
find —
in 7

Circle your answer.
[1 mark]

dx 5x dx x dx

e
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. Do not wrte
3 A geometric sequence has a sum to infinity of -3 ol
X

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]
The sum to <
infinity does not 6 3 (6 "\
exist J
4 Millie is attempting to use proof by contradiction to show that the result of multiplying

an irrational number by a non-zero rational number is always an irrational number.
Select the assumption she should make to start her proof.

Tick (v) one box.
[1 mark]

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

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

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

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

Turn over for the next question

Turn over p
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5 (b)
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The line L has equation
3y —4x =21
The point P has coordinates (15, 2)

Find the equation of the line perpendicular to L which passes through P.
[2 marks]

T

3“1="Z}I‘ B
LIL\J{-%: -3x - 45

U $3sc & B3
J

Hence, find the shortest distance from P to L.
[4 marks]

J
q-\\ﬁ pifoe «52 ¥ \e\j fl2x - 212
1%, * 275
= “ ) x:j

3'\3— Goc =2\ «x3 gy -12o9c°® 63

ds o

disiance = \/ZS-|5)1 G- 233 - 5 299
- 15
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Turn over for the next question / ou'sgi P

DO NOT WRITE /ON THIS PAGE
ANSWER IN THE /SPACES PROVIDED

Turn over »
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6 (a) The ninth term of an arithmetic series is 3 box

The sum of the first n terms of the series is S, and S,y = 42
Find the first term and common difference of the series.
[4 marks]

N\

Q’ €., + 8d =3

ssing S =M (2t Co-0d)
42 = 35 (la 4+ 20d)
42 = 210 + 210d)
@ o +iod-2

U ¢+ @ = e -24d -1
d:-0-9
o = F

L
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6 (b) A second arithmetic series has first term —18 and common difference 4
The sum of the first n terms of this series is T,
Find the value of n such that 7', = §,
[3 marks]
n ; N3 A
> ( 20¢19) #(-DF )= 2 1y -08tn-1))
- . 3 2 = S \
36 +qn-q ° &4 220N ¥ & 7
S . 208
(7ol ) o N4y or 0=0
hene n=4l
Turn over for the next question
Turn over »
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7 The equation x? = x3 | x - 3 has a single solution, x — »
7 (a) By considering a suitable change of sign, show that « lies between 1.5 and 1.6
[2 marks]
e x? e =3
it il 3 - Rid > D ——
RBCX) = x3 - oc® poc -3
\:\l-6>; "OS?D'\O
PCivG) = 0.136>0
Hence o Mos betwoon |- and | 6
7 (b) Show that the equation x2 = x3 + x — 3 can be rearranged into the form
x2=x-1 +%
’ [2 marks]

X2 =3+r0c-3

> Zoc*-x 1

AL = :)C——‘\ f.i
. ==

i
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7 (c) Use the iterative formula i
3
Xy =\ [ Xy 14—
X 1 \‘l X Q x"
with vy = 1.5, to find x;, x5 and x4, giving your answers to four decimal places.
[2 marks]
X, =15
s = N 58NN
7 (d) Hence, deduce an interval of width 0.001 in which « lies.
[1 mark]
1.574 ¢ x< ).5%5
Turn over for the next question
“Turn over p

i

Jun21/7357/1


matt lockyear
Mathswithmatt.co.uk


10

8 (a) Given that

9sin? 0 | sin20) — 8

show that

8cot? () — 2cotl) — 1 -0

__Yswip2e 1t si020=%

Mathswithmatt.co.uk
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[4 marks]

uﬁul\% SN20 = 251N cos @
— Ysipn2@© + 25inCcos© =8

Qsmg COt?*C + | = oo 20

A+ 2cot® = Bcosec 2O

D+ 2cot® =% (cot?© +1)

B CoL2O - 2cot® -1 = 0O

i
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8 (b) Hence, solve
9sin® () 1 sin20 — 8

in the interval 0 < 0 < 2n

Give your answers to two decimal places.
[3 marks]

_Pot 20 - 20t -1 =Q

\ \
(ctEE = " or coOES = 2
2.

& = B or +aAnN® -

__¢tan®

= ).g 2T
- 496
(il + 1T
4. 295
LI, 1-82 ¢ .25, 4-9b

@

i\

8 (c) Solve
9sin? (2x - g) + sin (4x - g) —8

m
in the interval 0 <x < 2

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

Turn over p
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Do not write
9 The table below shows the annual global production of plastics, P, measured in °”"LZ‘1 -

millions of tonnes per year, for six selected years.

Year ] 1980 | 1985 | 1990 | 1995 2000 2005
r 75 94 120 15 206 260 ‘
It is thought that P can be modelled by
P=Ax104

where 1 is the number of years after 1980 and 4 and k are constants.

9 (a) Show algebraically that the graph of logy P against ¢ should be linear.
[3 marks]

lof‘)\xo P = \08‘0( A X IC)U)
\00i0 P2 logefp 4 loaio Ui
4 J J
g P > 109 o B + ke
J J

2

\

l()Ol(lP = \0\3109 ftb

9 (b) (i) Complete the table below.

‘t 0 5 10 15 l 20 ‘ 25

logioP | 188 | 197 | 208 | o \q| 231 |2 4|

it

Jun21/7357/1


matt lockyear
Mathswithmatt.co.uk


Mathswithmatt.co.uk

13
Do not write
oulside the
9 (b) (i) Plot logyo /> against 7, and draw a line of best fit for the data. box
[2 marks]
logyo I 4
2
1 4
E
i
HHT
¥
f
H
0 r ‘ — ! } I >
0 5 10 15 20 25 t
9 (c) (i) Hence, show that k is approximately 0.02
[2 marks]
avadjent = 2.4 - V¥R
o 28
= 0022
~ 0.02
9 (c) (ii) Find the value of 4.
[1 mark]
Az %5
Turn over »

i
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9 (d) Using the model with k = 0.02 predict the number of tonnes of annual global

production of plastics in 2030.
[2 marks]

‘\ ) 76 % o 02L(50)
X =

P = 7-:)Q M LLLon tennes

9 (e) Using the model with k = 0.02 predict the year in which P first exceeds 8000

[3 marks]

> = O . O‘J—t

%000 = #S5x |0
k. = 101 « 40\
-~ 20972
9 (f) Give a reason why it may be inappropriate to use the model to make predictions
about future annual global production of plastics.

[1 mark]

The wodd may pedod LSS piastics @ be

CIN o MeEN LA | (L/\ E icopd l%

N~

L
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Turn over for the next question
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10 (a) Given that

use the quotient rule to show that

- kX ST

Mathswithmatt.co.uk
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box

[3 marks]

(osX

d (tanx): ¢ d

CL% a-i ( ’C—Cgf.}

= COSUCOSE —(-sinx)SINX

(215

Sip2q ¢ oS

6 s ©

= I

s e o

\

Sec Zx

dy = Sectx

doc

na
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10 (b) The region enclosed by the curve y tan? x and the horizontal line, which intersects box

the curve at : and x 2 . is shaded in the diagram below.

*VL

|
&~lAar

Show that the area of the shaded region is

n-2

Fully justify your answer. =
P Wy [5 marks]

W, tan?x da

~7

area unader e

usuﬂgJ, tan?x +1 = gsec?X

{)“’/4 '
Sec?*x -3 dx
._)-“/q

Ty
l Eenat. =9 }-ﬂ/q,

ol ‘/'mn “/4 -Ta ) - (kan( ‘Tr/d)"' W/LL)
1 =%y

S 1
asoa o snadod m\cjmn 7 - (2 -

= W=

o\

)

Turn over »
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Turn over for the next question ol
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Turn over »
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Do not write
11 A curve, C, passes through the point with coordinates (1, 6) OU'SAZ?( "
The gradient of C is given by
d_\‘ 1 2
dx 5(-‘.‘)

Show that C intersects the coordinate axes at exactly one point and state the
coordinates of this point.

Fully justify your answer.

[8 marks]
| e
W = = Goci)™
Ax 2 J7
i . \ -
¥t C—’\—’B S .
J G ©
D N
Uz oy F 7 2
J Y dv:\ \/\ £ oc® Do
=g ™t = el g g
|
. A _
Cl.6) —4 L = g +C  C°-5
o I B I .
-y . U cannct eqrial
J | ¥ A Ve e ok =¥
O as 3 (oucc,\j

i wnAwpinog

Tnerefoe C does oot nteisect M ¢ QXS -

-1
N —5 ——q i
5 pnlial .

Lol

/4

H:
J

(O, 4.5) Is wbeie e

Clne (IDSsec HFho g oS

i
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Turn over for the next question
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The equation of a curve is

Do not write
outside the
box

(v + _)')2 =4y +2x+8

The curve intersects the positive x-axis at the point P.

Show that the gradient of the curve at P is —g

[6 marks]
&’Itu)lfél_) y 20 + 8 .
_Ll__j_ﬂ _potnt. P -
P nd Q5acuonl ak peint P
X222 P00 e 4G ¢ 95 %
J \J J
u=9Q
J o
X* ¥ = 20 +8 -Nq - X=0
x4 e ~2
p = (4.9)
;C‘" 2
‘(a)\f?l;; 29C+2\j+2xduflg)3\c CC;\%icf
2C = l-}, lg=ﬁ
= @ 4+ Bdy = Gdy 2
Jx A
an 25 el dy ~ - 3ja
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Do not write
12 (b) Find the equation of the normal to the curve at P, giving your answer in the form omb’?:i i
ax + by = ¢, where a, h and ¢ are integers.
[2 marks]
. 2,
gy = I3
aac
=
-_____j_ 0 = F o ~4)
{ X %
3y = 33X~ 3
\
2x -394= 3
7
Turn over for the next question
Turn over »
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13 (a) Given that autside the

box

P(x) = 125x3 + 150x2 4 55x + 6

use the factor theorem to prove that (5x + 1) is a factor of P(x).
[2 marks]

D8P v 150N v 95 (-5) vk =0

SN P("%) ‘0

/

(Sx+D must be a Packor of Plx)

13 (b) Factorise P(x) completely.
[3 marks]

128> + 150 + % + b
(5x+\) (2522 « 25 + b)
(55¢c+)) (5 +2)( 5 +3)

i
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13 (c) Hence, prove that 25013 + 30012 + 1107 + 12 is a multiple of 12 when nis a box
positive whole number.
[3 marks]
280n3 + 30Nt + \On + 12
= 2 (on ¥ (5N+2)(5nr3)
ont), (9n+2), (5N +3) are 3 consecuxiye
_aumbers - Ih.n_j_QL(ALD_\Q.L(. facicic. mowr conrQin
9 N D 3 ; Sk ¢ )y (G \
motape of 2. Tne exka 2 %«um 1x2x% =12
Henco 250Nn3+¢ 2c0n2+Won +12 15 Q.
Mmulhple of (2.
Turn over for the next question
~ Turn over »
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14 The curve C is defined for 1 > 0 by the parametric equations
x=124+1 and y=412-¢3
C is shown in the diagram below.
VA
0 X
14 (a)

Find the gradient of C at the point where it intersects the positive x-axis

[5 marks]
s O M o - B Ol el oo
u=C &= §B* = 3
%)
C 0O o &
iy = Qe - 3> = -1k
dzbv
9_1 & 2t ¥ i = C‘
(e
i:q—"") (/Llj = = ‘b

L
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14 (b) (i) The area 4 enclosed between C and the x-axis is given by box
h
d=| yadx
Jo
[ lue of h.

Find the value of O 4 mard

2%
x = t*+ ¢k o )

W = 4* + 4
X = 320
14 (b) (ii) Use the substitution y = 4¢2 — > to show that
4
A= J (@2 +76% - 2t%) dt
’ [3 marks]
—_ . |
A= [ (e + 7¢3-26%) dk
(o)

dx = 2%b+d O da= (2¢ +VCE HJ] ydax
Tk °

p = Pq Cub?- 432+ db
J 0

A= % ge®eat® - av-t @
\jL/

= J/Z qtz *?ts 'thcl);

4

14 (b) (iii) Find the value of 4.
[1 mark]

A = 1§96
B

ML Tur over »
2 7

Jun21/7357/1


matt lockyear
Mathswithmatt.co.uk


15 (a)

15

Mathswithmatt.co.uk

28
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Show that i
sinx — sinxcos 2x = 2x3
for small values of x.
[3 marks]
Smaulange approximanen for Sine = 3INEO ¥ &
4 R
S\XLLLLL_Q_DQ_\L_LLQLQ Yimahm fa oS = oS % l%—
(b) Hence, show that the area between the graph with equation
y = /8(sinx — sinx cos 2x)
the positive x-axis and the line x = 0.25 can be approximated by
Area ~ 2" x 5"
where m and n are integers to be found.
F 0.28 [4 marks]
Area % [gx 242 Ix
o
. )‘ 0.295 3(2
. & oc oloc
J o
i i & S| O 29
- 4 [ = )
[ S Jo
S 3 . Sl
- s X 029
23 i
- 3 % (3)
= Z -2 X 5 -

i
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15 (¢) (i) Explain why
6.4
J 2x3dx
6.3

is not a suitable approximation for

6.4
J (sinx — sinxcos2x)dx

6.3
[1 mark]
Tho APPIGNAKGN 1S ()mﬁ} vana Cer
enadl vaues of o
L.3 and b.4 alenot smoll -
Question 15 continues on the next page
~ Turn over »
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Explain how e el
64
[ (sinx — sinxcos2x)dy
6.3
may be approximated by
h
2x3dy
for suitable values of ¢ and h.
[2 marks]
_SINC - 10T Cosd goDensS ey
Nteqal Over a Ao rent LAtEgeod. -
LSE smadlk volies Q= b.3-20 opd b= b.4-20
W obtartp aNxaud QA PPRICC M AN
END OF QUESTIONS
Jun21{73571
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Additional page, if required. "
Write the question numbers in the left-hand margin.
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Question Additional page, if required. o
number Write the question numbers in the left-hand margin.
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There are no questions printed on this page / box
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