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Answer all questions in the spaces provided.

A curve is defined by the parametric equations
x=cosf and y=sin0 where 0 < 0 < 2n
Which of the options shown below is a Cartesian equation for this curve?

Circle your answer.

%:tane x2—y2:1 x2y2:1
A periodic sequence is defined by
Uy= (=1)"
State the period of the sequence.
Circle your answer.
-1 0 1
The curve
Y =logyx
is transformed by a stretch, scale factor 2, parallel to the y-axis.
State the equation of the curve after it has been transformed.
Circle your answer.
1
yzilog4x y=2logyx y =logy 2x y =loggx

[1 mark]

[1 mark]

[1 mark]
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The graph of
y="1f(x)
where
f(x) =ax?+bx+c
is shown in Figure 1.

Figure 1

=Y
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Do not write
outside the
Which of the following shows the graph of y = f/(x)? box
Tick (v') one box.
[1 mark]
VA
\ X
VA
X
VA

\
=Y

VA

=Y

Turn over p
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Do not write
i . outside the
Find an equation of the tangent to the curve

box
y=-2*

at the point where x =0

[3 marks]
=3

dy = LFCQ:-Q.) ot o dy = =32
dzr o
aQE X~ 3:\&, _Lj:—B’Z.’I'_-\—C.

e - .
Y= —22 A\
=4

06
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ide th
6 (a) Find the first two terms, in ascending powers of x, of the binomial expansion of Omsboit °
e
ERAY
(1-3)
[2 marks]
= \l A N[ =2\ = ) - o
22/ T
6 (b)

Hence, for small values of x, show that

sin4x + v/cosx ~ A + Bx + Cx?

where 4, B and C are constants to be found.

[4 marks]
Sro\\ eples Sinoc = o
xz
S = \'—:;
ey
Coro oo & S0 o2 (SO
beop o |V =7 =
v =
= Yo 4 | o
O
b + P Y e — =
= s

W o
07
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7 Sketch the graph of . box
¢ ‘
y = cot ( — E) rt +
2 = ( 37 ‘
2 . 2 ,
for 0 <x<2n (
| \ ! [3 marks]
YA ( (
(
l ( (
(
( K
(
(
( \
| I
( |
I
( r
( \
(
L ~ ‘ N
O) ' T 2n y X

\ e ——— — -~
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8 (a) (i)

The lines L4 and L, are parallel.
L4 has equation

Sx+3y=15
and L, has equation

5x +3y =83

L4 intersects the y-axis at the point P.

The point Q is the point on L, closest to P, as shown in the diagram.

>

V4

NN

Find the coordinates of Q.

[5 marks]

52*3&{:\5 Sr‘odlenxPQ:%’

y= S A\S ax ©,s)

Y- S +—S y= 2o 4+ c-s

S =
e B Yy B2 o S S 4 2By = 8
J S - p—
nWeeraso - o
S AT A\NS =8B Sl o T 68
S S
4 2\ y<= \1
7

Q (1o,110)
\ 4

10
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8 (a) (ii) Hence show that PQ = k/34, where k is an integer to be found.

(Og SN (Io,1) Pe-= Kc“.;. c*
< T >4

[2 marks]

]

135

PQ = 2 )3%

11

Turn over p
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8 (b) A circle, C, has centre (a, —17).
L4 and L, are both tangents to C.

8 (b) (i) Find a.
[2 marks]

S ~1\7) S ~S\-8=

(c

Soc = \2Y

5x+3y=15

e _n

S/
o = \24

S
(=3 = Y=~1 S ms = v

Sx = &6

=2 b
s
~ —\"D ot Li=y N\

— )

s \=.

noo -\ - (2o ) X = 20
— T \ 7 /

8 (b) (ii) Find the equation of C.
[2 marks]

as sShorteck dictonas PQ = =W reomas = J=24U

¢ 2 2
eqct o of Circle (.x..zo) A= ( ‘;'I:t‘:_” =34

12
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9 The first three terms of an arithmetic sequence are given by
2x+5 5x+ 1 6x+7
9 (a) Show that x =5 is the only value which gives an arithmetic sequence.
[3 marks]
SxHA4 —(2oces) = 6204 —(S== 1)
Cle a2
22y =\
>xX =
9 (b) (i) Write down the value of the first term of the sequence.
[1 mark]
2(s) +S = s
9 (b) (ii) Find the value of the common difference of the sequence.
1\ [1 mark]
~ \
1S, 26, 27 d=1)

1 4
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9 (c) The sum of the first N terms of the arithmetic sequence is S, where
Sy < 100000
Sy.1 > 100000

Find the value of N.

[4 marks]
Sn = n (20 +a(n~=))
= © °7
n ('30—\- W(n-N\ &£ oo, con
2

N (9+r V0 < \cocon
= \ J

Wn?s 9 n—1on,c00 < O

= 2

NA2 4-19N0 — 200,000 <O N2 Sn = oOx=ess=2
= . -\ N sAuche N=1 SA = oD 1
NN=1=22

15

Turn over p
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Do not write
utside the
10 The diagram shows a sector of a circle OAB. o ox
A
(\
0 .
O C B
(‘
The point C lies on OB such that AC is perpendicular to OB.
Angle AOB is 0 radians.
10 (a) Given the area of the triangle OAC is half the area of the sector OAB, show that
0 =sin260
[4 marks]
Preo, Ssectxy— = 2 x #r‘g'-_- or*
27T =
Prea drangle = \ rswd x canad
2
=\ rPrevm@ceed) e @D = S22
=2
= c* sSn 20
1%
2x risan@ = Or2
U 2
r? s = 2P sS1»r20 =O
= =2

16
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10 (b) Use a suitable change of sign to show that a solution to the equation
0 = sin260

2
lies in the interval given by 0 ¢ E ?n]
[2 marks]

Q- =120 = O

&= 7 T - O . 95105 = —0.32277
S =Y

D = 21 22T L OSRT) o OB
= S

dhroce of sian hace solutan hec lehsaon

7T ol 277

5 5

Question 10 continues on the next page

Turn over p
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10 (c) The Newton-Raphson method is used to find an approximate solution to the equation box

0 =sin20
- - =720
10 (c) (i) Using 04 = 5 as a first approximation for 6 apply the Newton-Raphson method twice

to find the value of 03

Give your answer to three decimal places.

[3 marks]
s s =z, — ( - S, 22.(\\ d{é-—Sl/?Qa)
| — 2c0s 2 =l
:\.—Qco_g'zm
d = @2 =\ yN=22s7) . Cz ‘.ozl .. .
=)
Do ~ .o (Edp)
10 (c) (ii) Explain how a more accurate approximation for 6 can be found using the
Newton-Raphson method.
[1 mark]

e rmore berotaons ot o oseo e moovres

accorote ne opproxiraetons bBeacnmene

18
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T L;Ztg/%tem;zl:
10 (c) (iii) Explain why using 04 = 5 as a first approximation in the Newton-Raphson method box
does not lead to a solution for 0.
[2 marks]
/kan s 20 = L (ONnich Loadld Swve O
& =2
dercommmabtoer of O cmmja' DO ove an uornteinaed)
Soticn

Turn over for the next question

Turn over p
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11 The polynomial p(x) is given by box
p(x) =x3+ (b+2x%2+2(b+2)x+8
where b is a constant.

11 (a) Use the factor theorem to prove that (x + 2) is a factor of p(x) for all values of b.
[3 marks]

\C T2 s a ectar LD =0

CC=2) = =¥ + U+ —Y(biD+

O e ) Valces o b

11 (b) The graph of y = p(x) meets the x-axis at exactly two points.

11 (b) (i) Sketch a possible graph of y = p(x)
[3 marks]
YA

GQ,O’)

=V

2 0
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11 (b) (ii) Given p(x) can be written as
p(x) = (x + 2)(x2 + bx + 4)
find the value of 5.

Fully justify your answer.
[4 marks]

as e = a repecld reot either (IEa2) s o nepaecied

oot So Tca2 S a anlotion o =2y Y = o

b ~2b+v =0 Dbuw

o 24 o Al 12 a Sonae. No

b~ lUac -~

b=

L bty s A o s

“he oo (\":s:.-\-Q')(:ca-c-tx_:c +~u) -_-.éc__\.z?

So b muse = -\ (x-\-—:_)(‘ac"-_w:r_'—x-\x)

(e (=c-2)*
< —

Heave b=-4

Turn over for the next question

Turn over p
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12 (a)

12 (a) (i)

12 (a) (ii)

, , .1
A geometric sequence has first term 1 and common ratio —

Find the sum to infinity of the sequence.
[2 marks]
A
QAz2\ =2 Sy s = s\ =2
\—r =
=2
Hence, or otherwise, evaluate
o0
> (sin30°)"
n=1
[2 marks]
3\433:—\'2 [ S S T SR 5 A
=7 4 =
= (Va4 v s N o=
===
= 2-1
=W

2 2
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Find the smallest positive exact value of 0, in radians, which satisfies the equation

Do not write
outside the
box

12 (b)
o0
> (cosh)' =2- V2
n=0
[4 marks]
2]
=\ . = 2 A\ = 2
o \—r \—r
L = \—-r I~
2~ 2
| "
u
]
A w 2432 = 2405 - \-r
= -5= =24 3= 2
= +OoO= Lx{é ~ ,_E
32 52 =
2alo 2o
22 -3 ﬁS\Q
<=
= "Sé cas ftr—7r\ = ~J2
> )/ =
Q= 2
(U

Turn over for the next question

Turn over p
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13 Figure 2 shows the approximate shape of the vertical cross section of the entrance to
a cave. The cave has a horizontal floor.

The entrance to the cave joins the floor at the points O and P.

Figure 2

a

equation

13 (a) The distance OP is 16 metres.

P

Garry models thel shape of the cross section of the entrance to the cave using the

24y =a/x—y Co/o) GG'OJ

where « is a constant, and x and y are the horizontal and vertical distances
respectively, in metres, measured from O.

Find the value of a that Garry should use in the model.

[2 marks]

at (1b,0)
A\ —

cc-64

(I the oxis \srt Hrere 1@ LoD ¥8Y Inwche o SvWer

aong e or axs <O a woold be e onme

2 4
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Do not write
13 (b) Show that the maximum height of the cave above OP is approximately 10.5 metres. Omﬁii e
[6 marks]
x24y? =avx—y
=?- 64 AuZ ey o> moxvole tkendly o
d (Dcz—éqéc_ cu2+ yuz Al) ol
dac < - O
—x
2% —22oc = 2ydy > dy - O
ot oz
2yal(du\_ = 32 _ 2¢
ok I
a4 - =0 . 2wir t B2 Y0
d —
= \r’i: J& CQ& -+ 1)
22U\
[——
Lohe
aduy - o 2D _2=C _)_‘:2’_‘_ il )
= & = a:Jf:C,
=
\& = =X =%
=2
Lo = =
2
o2, = X
wf = = (e.m3uow)

2
S 2096 _‘-_cf—_ cu 6309 L —y

U2-y = 120,952\
L4 —

3? N.SOo<=x3m
rox beight =

"M . < v C SQQ_)
Suggest one limitation of the model Garry has used.

(-10.-5 el Q)
13 (c)

[1 mark]
e enttFo A W=\ o

Sre—obin

L o
2 5
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14 The region bounded by the curve
y=(2x—-8)Inx
and the x-axis is shaded in the diagram below.
VA
14 (a) Use the trapezium rule with 5 ordinates to find an estimate for the area of the shaded
region.
Give your answer correct to three significant figures.
[3 marks]
Xz )\ = \‘ \‘ 22 L
@xs)fm - O l—z S\ \l ~2.9049 \ 1.7 )
n- 07
2 = ONNs i‘ S 2&-—251%—2,'#;\.@ —\.'_)béj—\(.,
N—
2
2 S 2625 S. 2% Onvrs Czsr—‘)

2 6
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2 7

Turn over p
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14 (b) Show that the exact area is given by
33
321In 2—7
FuIIy justify your answer.
O [6 marks]
<(2x~%\ \mo O\~ o AV -~ 2 &
oz
- do =\
oloc. X 2
a VS x-S
= \ \"(903/’1'/1—%:6:‘) — C(%Q—g’tx,\ \ —\
L J - x,_J
. \
\.‘
= T[:I:Q'—- =Y noe — V 'ZZ"—%W
N~ ~ = J J
§
Tz e ime — Y:rfz _=c T
N~ N~ 7 —_—
> _
| (=2 B oY) =2 e = |
< ST —
=z (
- -l — 8 + 22 -Ix© —\.-\—-8‘\
=2
T men & 20 - s = —22\-~"2 A~ 22
= 2.
a | ) < 2 —
=2
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15 (a) Given that
y = cosec )
15 (a) (i) Express y in terms of sin 0.
[1 mark]
u- L
=V 17=)
15 (a) (ii) Hence, prove that
dy = —cosec () cot 0
do
[3 marks]
Y= 1 L= V= S\
S
du - o v . coo»
Ox o v
dj - o ==0 - —>>=2P - —\
s sSaA4P S o S
= —Cocern @ cot D

2 8
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15 (a) (iii) Show that box

2 _
yT1:cosO for0<0<E

2
[3 marks]
J_ja;eawl—-\ - Coser 21 +~Co Z
Cosec
l—_ - o=@
il 7 - @ = o=
Coer s Cosr & Coser O
~Coe @ S/%@ = =P
Sz

Turn over p
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15 (b) (i) Use the substitution box
X = 2cosecu

to show that

sz\/%dx forx > 2
can be written as
kJSin u du
where k is a constant to be found.
[6 marks]
' o= =z = 2cosec O
=) =?* u oy - - 2cosa— Ocoit W
O
S = —2aomSec U ot du
‘ Ao
U cosec2(0) \\ Yoog=c?0 — W Y Yeosee®nH —u
= 2 Jemgrro |
\ K—ZQQSQC‘,OCC%OO(Q = 2JdC=0 (<
L aosec? ) zcc/*é O = 2 ot=5

[

(\ =) o ) - S VO do = —__\‘ Fganodu

\
J Y cos=c © \) N LK)

30
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15 (b) (ii) Hence, show

1 x2 —4

szx/x2 -4 dr= 4x

where ¢ is a constant.

=\ CSI()D (e {8

+c

I

b

forx > 2

[3 marks]

4

—1
w |

com o]
J

- oV A C - 2ose o O
Y- = = W\ coceR0
> = W
=2 O
Sty = W
%
o O = 3\"8\/\20 :.&\—U«—-
o 2
Cese - -\
2
U :C‘ — S':C”—Ur ~ C
B

END OF QUESTIONS

31
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