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e Fill in the boxes at the top of this page. 4
e Answer all questions.
e You must answer each question in the space provided for that question. 5
e If you need extra space for your answer(s), use the lined pages at the end 6

of this book. Write the question number against your answer(s).
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e Show all necessary working; otherwise marks for method may be lost. 8
e Do all rough work in this book. Cross through any work that you do not want 9

to be marked.

10
Information 11
e The marks for questions are shown in brackets.
e The maximum mark for this paper is 100. 12
13

Advice 14
e Unless stated otherwise, you may quote formulae, without proof, from the

booklet. 15
e You do not necessarily need to use all the space provided. 16
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Answer all questions in the spaces provided.

Find the coefficient of x” in the expansion of (2x — 3)7

Circle your answer.

—2187 —128
1
7) -
. 3 . dy
Given that y = 2x* find —
dx
Circle your answer.
4
dy = 5x? dy = 6x2 dy g
dx dx dx 2

[1 mark]

d—y —6x°3
dx
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The curve with equation y = Inx is transformed by a stretch parallel to the x-axis with
scale factor 2

Find the equation of the transformed curve.

Circle your answer.

[1 mark]
1
y:ilnx y=2Inx y=In2x
Given that 0 is a small angle, find an approximation for cos 20
Circle your answer.
[1 mark]
, —
10 2 - 202 1—6?
2
@z
Lose & (- —
2
tos20 & = (29 _|_yp

2
Turn over for the next question
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5 The graph of y = ex5 1 is shown in the diagram below.
VA
0 1 4 X

The trapezium rule with 6 ordinates (5 strips) is to be used to find an approximation
for the shaded area.

The values required to obtain this approximation are shown in the table below.

x 1 1.6 2.2 2.8 3.4 4
v 2.90988 | 1.26485 | 0.62305

0.32374 | 0.17263 | 0.09329

5 (a) Use the trapezium rule with 6 ordinates (5 strips) to find an approximate value for the

shaded area.

Give your answer to ur decimal places.
[3 marks]

s .

= =7 006
(\m& My [prer flagk ,z(wdwz)j

& olfb \ ( 9-90%8F « 0-09%29 «

P 2(t-264%5 1 0-62305+ 03237
ty. l’laesﬂ

« 0-3x L2.0031742(a 3%627)]
03K 777[7'
_9- 2314 (4dp)

r?

0 4
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2
5 (b) Using your answer to part (a) deduce an estimate for L e dx
[1 mark]
fh_l.o——-d'lf qx(”t___i— A%
[ n_ - g ™ |
ML A v =

Wy 2;'5(6 = 9.9 @b 29@

Turn over for the next question

Turn over »
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6

Show that the equation
2 Iog10x = Iog104 + |0910 (X + 8)
has exactly one solution.

Fully justify your answer.

[5 marks]

'le(}a : (0%1“ l0q|(o’l1 = (ocjlbt( < lemt’k—f%)
0Qa + wqw

d < \Oq (ﬂl(ﬂ’\ loe![oui“ \Ocjm&q(%"%}]

L u(1+%)
nr = Lu+t 272

nr - ux -32 = 0O

(a-%) tkiy) =0

w- ¥ or -4

e

1= U s gt el ay log () ey

[UT

no el Nm2~ﬂu¢wvm m% T WA (W
K W=X
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7

7 (a) Given that n is a positive integer, express

77
3+5/n 5/n-3

as a single fraction not involving surds.

_1(5n-3) - 73460
(34 5yn) (5dn - 3)
= 359 {n -2\ -2\ - 35\)
9n — 9
- -4z
o9n-1

[3 marks]

7 (b) Hence, deduce that

77
3+5/n 5/n-3

is a rational number for all positive integer values of n

[1 mark]
MU ja €S o qinege? ond Y2 pnd
1on- 4 owe  wHGS . He pygverd pn A5 @
rouid o WO dweih | Bawgove & 5 raviond
el poilive iwkepr veus  fn

Turn over »
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Show that
b9
Jz(xsin4x)dx:—E
0 8
[6 marks]
¢ ] T
w'= 1 V' %\'VlL"K

|
tt

L L
n m&&ﬂ — P’—L S 4w dw
Y

X a1/, o

‘I\I'I\
— Y Uw 1 — sttt

] D) r"ﬁ

= (o)
L e (T‘E %) fy/flg Gn 0 \
Y
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9 The points P and Q have coordinates (—6, 15) and (12, 19) respectively.
9 (a) (i) Find the coordinates of the midpoint of PQ
[1 mark]
-6 117 2 5414 . 7
2 2
we (%17)
9 (a) (ii) Find the equation of the perpendicular bisector of PQ
Give your answer in the form ax + by = ¢ where a, b and ¢ are integers.
[4 marks]
mot PQ 7 an= [([9-15) . 4 . 2
e . ™ - -
([2--6) % 1

m of  pupmndiodar Bydoy - -1

2
(9,11 y -7 - - Y(’"’37

9
d 2
M- 41 = my (1-'1\)

Ju = 34 = -9 v(x-3)

29 - 3u =-(h + 27T

99 «e&j = B
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9 (b) (i) A circle passes through the points P and Q
The centre of the circle lies on the line with equation 2x — 5y = —30

Find the equation of the circle.

w4 dg =61 O
,
Jx =Gy = =30 @

(0/7/ A Y = (6"?'1}
~ q S —————
2.

= —20

[3 marks]

?(6\—%1}
2

uw- 5(6L -qx) = - 60
by - 305 +45% = — 60

N —

fQn = 45
n= 5
Y = 6l-u - §
2

murre = (9, 5J

Q{2 M) r2: (1 -6)%(19-8)% = kaiz= 170
(n-5)%+ (9-%)* =170

9 (b) (ii) The circle intersects the coordinate axes at n points.

State the value of n
[1 mark]

A QYIS y=0 (n-5)% 164 = |70 (2-5)°= 106
) =~ w0 ots
wavis azo 3 fly-%)2=I(T0
d ) -
n= 4 (Y-8)%= (45 5 jwo GolupdM

Turn over »
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10 The curve with equation
y =sinx®
for —360 < x < 360 is shown below.
y A
A
~360 0 360 X
B
10 (a) Point A on the curve has coordinates (a, 0.5)
10 (a) (i) Find the value of a
[2 marks]
s (o) = - Hn ()
. iy, I
n (210) 7 =
. -
qin (=2(0) =
a=_g\0’
10 (a) (ii) State the value of sin (180° —a°) = &UA [ 23
[1 mark]

en( (20 - [-ad) = SN (390) = Sul30)

= 0-5.
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10 (b) Point B on the curve has coordinates (b, — 3)

10 (b) (i) Find the exact value of sin(b° — 180°)

[2 marks]
(2 - §D) = ~gn(d)
au (- 160) = -gnlp = f-3Y -2/
L7/ If
10 (b) (ii) Find the exact value of cos b°
[3 marks]
i o 4 s’h = 7
(1) Ay b= 4 A c
q/[(o! 1 (,03?'{0: j— T S
(o8t b= %y
wsh= g (wy . ¢
\ /49
7
0= 3T o §ub2 0

and o fGefween

180 and 360

13
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11

11 (a)

11 (b)

11 (b) (i)

The nth term of a sequence is u,
The sequence is defined by

Upy1 = pit, +70
where u41 =400 and p is a constant.

Find an expression, in terms of p, for u,

[1 mark]
U, = pxuo0 +70
= 4o0p+ 10
It is given that ug = 382
Show that p satisfies the equation
200p? +35p — 156 = 0
[3 marks]

Ug = puy * 10 = p (400p 470] +7%

= 400pr . TOp + 70

3%2 = 400p2 < 70p +770

191 = 200p% < 35p+ 35

100p2 ¢ 55p— 96 =0

1 4
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11 (b) (ii) It is given that the sequence is a decreasing sequence.
Find the value of u4 and the value of ug
[3 marks]
700p g@v - (56 <0 -
~ 26 1 {35 - y(260)(-156) :@w -0-975
\-/ —
Lo o
wg = 0-V X382 To = 308 6470 = 3754
Us = 0. § %3756 170= 31048
11 (¢) The limit of u,, as n tends to infinity is L
11 (c) (i) Write down an equation for L
[1 mark]
L= bSL1 0.
11 (c) (ii) Find the value of L
[1 mark]
- DL ~ 70
0-21= 10
L= 390

15
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12 One of the rides at a theme park is a room where the floor and ceiling both move up
and down for 10w seconds.

At time ¢ seconds after the ride begins, the distance f metres of the floor above the
ground is

f =1—cost

At time ¢ seconds after the ride begins, the distance ¢ metres of the ceiling above the
ground is

¢c=8—-4sint

The ride is shown in the diagram below.

Ceiling
A
¢ metres
Floor
Ifmetres
v
12 (a) Show that the initial distance between the floor and ceiling is 8 metres.

[1 mark]

-0 £= |- Ws(8) = |~ = D

L= &- kxuN=§-0=8&
}{—\-7/‘7,@ c- L G- 0= & m~

i\

16
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12 (b)

12 (c)

Show that the distance d metres between the floor and ceiling at time ¢ is given by
d =7+ Rcos(t+ o)

where R and o are positive constants to be found.

A= 0 = (§- Y] - (- o
2 7 - Gqhak < sk
R WSk 4a) ~ P03k 0% - KRk gind

A= T < S —lgntE

[5 marks]

Rwla= 1

R gn = U

S YOI

FOAL:T Sah Y Fan'1 = |23 Tad
LOS0 l

A: T4 @ s (e4033) v

Hence, find the minimum distance between the ceiling and the floor.

Give your answer to the nearest centimetre.
[2 marks]

A= 74 (1T s (k41-33) toS(<l33) =1
Opgaq = 1-8(7 = 9-%76-.

288 m lwaryl um)

17
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13

13 (a)

13 (b) (i)

The function f is defined by
f(x) =arccosx for 0 <x<a

The curve with equation y = f(x) is shown below.

yn
- (IPILS

n 4=t

2 - W -

d ﬁ g X
State the value of a

[1 mark]
oS domodn [, 1]
o= 4 V< el

On the diagram above, sketch the curve with equation

y=cosx for 0 <x <

N

and

sketch the line with equation

y=x for 0 <x

IN
N[ A

[4 marks]

18

Jun23/7357/1

Do not write
outside the
box


Mobile User


19

13 (b) (ii) Explain why the solution to the equation
x—cosx=0
must also be a solution to the equation

COS X = arccosx

[1 mark]

;Q 7= (OSA  Han a(vppuj'cmg afC O

[V (e V) %AVLQ Occ S = L Wuda

PAL O (S O N =00 N -

Question 13 continues on the next page

Turn over »
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13 (c) Use the Newton-Raphson method with x5 = 0 to find

an approximate solution, x3, to the equation
x—cosx=0
Give your answer to four decimal places.

[3 marks]
F ) Whave HA)z o -
(1'(%0

'\(V\,h: %V\ -

Flw)= X - W
Fiw) = 1« fnw -

=150 1)
e p- 00 g
(4 ¢in @ 1
PPN |
=0t )
1% $nl

", * b -1S0Y... ~ O T904- tosxe

(+ BN
- 0-7T5 (o yap)

2 0
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14 (a) (i) Given that

y=2
write downd—y
dx
[1 mark]
e N L )
dw
14 (a) (ii) Hence find
J2xdx
[2 marks]
X
(2“ dw = - +¢C
LAY~
nlq, M ln
A
N
gt Ay . 2TMZ . g
\nl A v

2 2
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14 (b) The area, A, bounded by the curve with equation y = 2*, the x-axis, the y-axis and
the line x = —4 is approximated using eight rectangles of equal width as shown in the
diagram below.

y A
-4 _ bsy 0 X
14 (b) (i) Show that the exact area of the largest rectangle is e
[2 marks]
-4 -8=-05
-0°'5§ | |
08 Y 9 = 0D-D¥ —— = ——
\PA 2{7
1 {g 28; o
D I
S\YARNINY) o 4
Question 14 continues on the next page

2 3
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14 (b) (ii) The areas of these rectangles form a geometric sequence with common ratio @

Find the exact value of the total area of the eight rectangles.

Give your answer in the fofm k(1 + where £k is a rational number.

2

[3 marks]
(2 P o ((- ) )¢
- =A== 3¢ TR 7\;
—44 —
T[] [\/1\8\ I A e " ot " b
AN T ANl SAR T A
-2 - &
' )

S EECA 16,/
= A

Y | - by

2 -2 Q-1

2 vl

15J2 hy I

by 2-(2 32 (2— )
By 2z L 367230

32(2-1) RN 32 (4 -2)
— 3042 430 B2t - B )

b 4 32 32
_ g

— S—

32

2 4
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14 (b) (iii) More accurate approximations for 4 can be found by increasing the number, n, of

rectangles used.

Find the exact value of the limit of the approximations for 4 as n — ~

[3 marks]
P [ *x7°
n/-u o n2 ,hj—
-]
(W]
| m
e L%
g
- I J
to iz

Turn over for the next question
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15 The curve with equation
x2+2y3 —4xy=0

has a single stationary point at P as shown in the diagram below.

yA
P
5 X
15 (a) Show that the y-coordinate of P satisfies the equation
Y4 y-2)=0
d a [7 marks]
—ekt J (& LN
o
AV —
Jw — Uy =0
Y
Wz QY
J
=0

2 6
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15 (b)

Hence, find the coordinates of P

[2 marks]
u?(y-2)=0 y=0 or 2
[\ 1\
X Y - QUY\‘\[M n= O Wil 5 Oﬂ‘z-,‘(/\

Turn over for the next question
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16 (a) Given that

1 _ A n B
16 —9x2 4—-3x 4+3x

find the values of 4 and B

ALU+3%) « R(L- 3

N

R EIEAY

{ ’5//

[3 marks]

2 8
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16 (b) An empty container, in the shape of a cuboid, has length 1.6 metres,
width 1.25 metres and depth 0.5 metres, as shown in the diagram below.
0.5m
|
1.6m
1.25m
The container has a small hole in the bottom.
Water is poured into the container at a rate of 0.16 cubic metres per minute.
At time ¢ minutes after the container starts to be filled, the depth of water is d metres
and water leaks out at a rate of 0.3642 cubic metres per minute.
At time ¢ minutes after the container starts to be filled, the volume of water in the
container is V' cubic metres.
16 (b) (i) Show that
dv 16 —9y2
dr 100
[4 marks]
l.b\f (96 = Jm?
o | = 8d  g- UL
A
Roxe in=  0:(6 Ww> Jpnan
. 2 . . 2
Rafx owr= 0-36 4* . 0.35[V \2: B36V=
2 ) 4
= 06-6907
)}
AV~ 0b- 0090 = (1 -qV?)
o€ 100

Turn over »
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16 (b) (ii) Hence, find ¢ in terms of V'
[5 marks]
AV . [b-1*
o 100
P L gu- [P gE
I le -V | (00
) | . | dy_ = PJ__ a€
§(4-3v)  R(4+3V) | 1o

| WQA’—_ - \ V= 0/\- 4t

’%‘— § -3V L+3\ J loo
-\ _ ( _ &
T |3 3 100
_ , <4
Y

At k'o ;\/?0
1 \‘\v\\u\-\vx 4[] =0 e0

X w = 100 [y £3v) - Mﬂ
™\ /

16 (b) (iii) Determine how long it takes to fill the container with water.

Give your answer to the nearest minute.

Fol| yolumy - [6Y 95 x05= |

= 00 5[ ln D)= ln ()]
ay | )

,_\BO T, - 1 wminuiw
QY

[2 marks]

bt wortr wawh? £ mined

END OF QUESTIONS
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