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Candidates may use any calculator allowed by the regulations of the
Joint Council for Qualifications. Calculators must not have the facility
for symbolic algebra manipulation, differentiation and integration, or
have retrievable mathematical formulae stored in them.

Instructions

® Use black ink or ball-point pen.
® |f pencil is used for diagrams/sketches/graphs it must be dark (HB or B).
® Fill in the boxes at the top of this page with your name,
centre number and candidate number.
® Answer all questions and ensure that your answers to parts of questions
are clearly labelled.
® Answer the questions in the spaces provided
— there may be more space than you need.
® You should show sufficient working to make your methods clear. Answers
without working may not gain full credit.
® Answers should be given to three significant figures unless otherwise stated.
Information
® A booklet ‘Mathematical Formulae and Statistical Tables’is provided.
® There are 14 questions in this question paper. The total mark for this paper is 100.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.
Advice
® Read each question carefully before you start to answer it.
® Try to answer every question.
® Check your answers if you have time at the end
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Answer ALL questions. Write your answers in the spaces provided.
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1. Given that 6 is small and is measured in radians, use the small angle approximations to find an
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2. A curve C has equation
y=x-2x-24Jx, x>0 iigi:
dy 2
(a) Find (i) or ::3::
e a
(i) g =z
3) z
(b) Verify that C has a stationary point when x = 4 ]:]
(2) -4
e
(c) Determine the nature of this stationary point, giving a reason for your answer. s
) o
a 2 _l# “““““
a> U= o =—2x — 24"
’ v
1
.) Adq _ 22 —2 —12x *
iy -
Ax
o\ 2 ’“;
i) A% - 2 +¢=x *
7
Adx*
!") S{'A&t'anarj 'pa;«ré when J:, - O
AsL
Ul\en X = g
oAy 2(a4) —2 — 12
4‘1 /a
i
= & -2 -2
2
= O
. S'é‘a-‘éiznalo‘ pomt when o = 4
J v
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Question 2 continued

C,) When x =4 -
A%y _ 2 +4
As?
= 2 + 1
g
Py ,7 o

. sfa.{-'l'onuj ,po:né IS & wilnimom

(Total for Question 2 is 7 marks)
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Figure 1

Figure 1 shows a sector AOB of a circle with centre O and radius »cm.

The angle AOB is 6 radians.
The area of the sector AOB is 11 cm?

Given that the perimeter of the sector is 4 times the length of the arc 4B, find the exact
value of 7.

4)
Arco. of secrter = -é'rz&
|l = £ v°e
22 = v & ¢)

AV'L [-C.vq eh = r &

0\

s . pu e ter ar ¢

But' Perime Eer = rb& + 2r

,', 4—/‘@- = & 4—2/‘

3(‘(}— = 2r

34 =2
_ =z
& =3
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Question 3 continued
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(Total for Question 3 is 4 marks)

8

R

G

o
&

S
ww%&%&&&?&.

o
R R K TR RIL R RR
SRS EREEERRELERLLSEEKS

% '

= ":,

?&:%?&.&.?&é%&&»%& &
X

PO E

Turn over »

8 3 4 A 0 7 4 4

5

P



r N o

4. The curve with equation y = 2In(8 — x) meets the line y = x at a single point, x = a.

(a) Show that 3 < a < 4

\4_\/”

y=2In(8 — x)

2

g
O
O
o=t
s
me
B
T
b
=
m
b3

=V

(I

Figure 2
Figure 2 shows the graph of y = 2In(8 — x) and the graph of y = x.
A student uses the iteration formula

X
n+

=2In8 —x ), neN

1
in an attempt to find an approximation for a.
Using the graph and starting with x = 4

(b) determine whether or not this iteration formula can be used to find an approximation
for a, justifying your answer.

()
5‘) :\-’-Z_lm(g"x)

= 2h(8-3) = 2.5 = .22

¥

\
(o

s

= 2m(8-¢) = 2lng = 2.77

R
"
»
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Curvé a.[:ava q =X ot x=17

(d

Curve be’u—o j’-‘x o X =4

conkiavous ,._ )néQrSLc.‘&'ion be_éwc,en xz =3 and = =4
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Given that

show that

3sinf T RY4

y=— —S<o<=
2sinf + 2cosb 4 4
d—y:—4 —£<0<3—7'T
dd 1+sin26 4 4

where A4 is a rational constant to be found.

&)
de V A& T
/ °
/ \
g‘q (Zs'm@ -1’2.665&‘),‘3&50' - 3$tn@’(2¢‘—o$[¢ —ZSI;(P)
ﬁ yal JURR -

kZ Sinld + 2.0056‘-)

= észﬂ&C—bs@' 4 GCOSQ& — és:"@’CGS& ‘—6 s}v‘t@-
A sinG + BsinllosO + 4 cos O

= 6

L 4+ BsiaOcest
- (8

4 +4 26
= £

4 (1+sin2e)
= l-5

| + 8126
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Figure 3 s

The circle C has centre 4 with coordinates (7, 5). : -

The line /, with equation y = 2x + 1, is the tangent to C at the point P, as shown in Figure 3.

(a) Show that an equation of the line P4 is 2y + x = 17

3)
(b) Find an equation for C.

“4)
The line with equation y = 2x + k&, k # 1 is also a tangent to C.
(c) Find the value of the constant k. E

0‘) %rml;cmt’ o é'n-hs.e.nf' =2

.. ﬁra.‘ié/‘l’ O’F f‘k'(‘l"’.f AP = - Ji

AP pusses Ehmuh (7;5)
{ J

- k\(x—?t‘)

<
)
s

-5 = -é(z—v)

yw —16o = "‘(9&'-7)
J

2o —l0 = —x +77
J

2 = 1
. q 4+ 1
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Question 6 continued
LI) Fi-d ¢ (4= 2x I 0
Z S KA BN O
Sob Aor g i (2) 2(2x+1) + 2 = (7
A2x+2 +x = N
Sz = (s
x =3
y=2(s)+t =7
P(3,7)
Rudivs = [(1-3)* ¢(5-D*
= | 16 +4 = fz0
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f(3q)
—} A(q, <)
e @(1,3)
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3-21 = k t = =19
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7. Giventhat k € Z*

3k
(a) show that J
K (

dx is independent of £,

3x—k) (4)
2k 2
(b) show that > dx is inversely proportional to k.
Jk (2x—k) (3)
~ 3k 3K
a/) 2 o _ 2 3 d«
Dy Ral-k 3 i Ix -k
_3k
= —2;. ln(K’L"’K)
3 %
= 2| Ingk —\n2k ]/
3 | l
= 1
- 2 ,n/ﬁ
-3 \ 2k
= 2 )y\4
3
\ 2Kk 2k
b) (2 A= [ 1 7]
/ /) (Zl*‘() R 2x—-k Jk‘
(49
= — ]
4K -k 2K ~K
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= 0 +3
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8. The depth of water, D metres, in a harbour on a particular day is modelled by the formula
D=5+2sin(30)° 0<t<24
where ¢ is the number of hours after midnight.

A boat enters the harbour at 6:30am and it takes 2 hours to load its cargo.
The boat requires the depth of water to be at least 3.8 metres before it can leave the harbour.

(a) Find the depth of the water in the harbour when the boat enters the harbour.
1)

(b) Find, to the nearest minute, the earliest time the boat can leave the harbour.
(Solutions based entirely on graphical or numerical methods are not acceptable.) e

@ o
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$ + 25 (30:< (.s)

=
"

S+ 25sin (195)

g
"

4 .48 m

l)) l-eave.s of ter g,goau—\ wL&n D = 3.8m

3.2 = 5+ 2;‘.«(30&)

3.8 - S -~ s;n(3oé)
Z

3ok = gm“i(-o.é)

30€ = 216,87, 323.)3

P
€ 2 2,279 10.771 hes

e

(4

[0.46 aw
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Figure 4
Figure 4 shows a sketch of the curve with equation x?> — 2xy + 3y* = 50

(a) Show that % - ;;x
Yo 4

The curve is used to model the shape of a cycle track with both x and y measured in km.

The points P and Q represent points that are furthest west and furthest east of the
origin O, as shown in Figure 4.

Using part (a),
(b) find the exact coordinates of the point P.
(5
(c) Explain briefly how to find the coordinates of the point that is furthest north of the
origin O. (You do not need to carry out this calculation).
1)
\ T °
a) x — 2xy 4+ 34 =50
L4 J ~J

2% =22y 24 4 fudy -0
P— ~ J_=
oo Ax

x  — Zdy - «)'33443 -0

Aot dAs¢

3 - -

y/ 2;1,

Ay (34-=) = 4-u
oA - 7 ‘ -
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[il 33 ~2C
b) At P Ay i indeite
/7 / A
= 33 -x =0
34 =%

Cc\‘= So
'-\‘ =25
<J

Aé’ F “ = —/25" :...E =_.§»J—3-
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/
Pl —s/3 | —-5/3 )
3
N '
-0 o ’., 20 = 4 SGIVC LL‘ SoLgt‘«é‘v“"—\q
J S J

féb( 2N 85 o I’V\, Cory .

and take pas?b«'vc, Solutisy )

R A R0 A A )
P 5 8 3 4 8 A 0 2 3 4 4

Turn over »



r

10. The height above ground, Hmetres, of a passenger on a roller coaster can be modelled by
the differential equation

dH _ H cos(0.25¢)
dt 40

where 7 is the time, in seconds, from the start of the ride.
Given that the passenger is 5m above the ground at the start of the ride,

(a) show that H = 5¢%!sin(0250)

)
(b) State the maximum height of the passenger above the ground.

1)
The passenger reaches the maximum height, for the second time, 7 seconds after the start
of the ride.
(c) Find the value of T.

(2)

"‘> AH - H cos(025€)

AE A0

(40&4” = /CoS(O.ZSt‘:)At

H

(4

40 WH = 4 si- ('o.zse) + ¢

€0, H=s
401\’-5- = 45::—\0 A C

40 In$ = ol

4o wH = 4 ¢in(025€) & 40 1n§

40 lh(%) = 4 sin(0.25¢)

[0 )n (::EI) = s»'h[o.zréj
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Question 10 continued
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11. (a) Use binomial expansions to show that ‘/ " T+ %x — §x2
- X

(6)
A student substitutes x = % into both sides of the approximation shown in part (a) in an
attempt to find an approximation to J6
(b) Give a reason why the student should not use x = % o

. 1 .
(c) Substitute x = m into

to obtain an approximation to J6 . Give your answer as a fraction in its simplest form.
(&)

L
) E— / A\ 2

o) [rrax  _ (rax) (1-%)

7 J l-‘x

J 2> —2o [-I—J—x,.[..‘sxt)

I

~ | *%x —glxh

A Y. \{

l‘:} ( | J-A--x.) 2% pansion ovn)-l valid for "‘l{_ <x £ g
C> x = | /[4’41 = /l*% _ ['Y/l/

’ T S T 1= " ] eru
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Question 11 continued
JE6 = Jeaxise = 2 4

R

g§ 11/

27

2 +5 _ s

R

484

J123
4.84

U

3 ERa0000080000900000
.

S5

”’

350

0““0?”39.) %
RN

SEREESSRET
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12. The value, £V, of a vintage car ¢ years after it was first valued on 1st January 2001, is

modelled by the equation

V= Ap! where 4 and p are constants

Given that the value of the car was £32000 on 1st January 2005 and £50000 on 1st January 2012

(a) (1) find p to 4 decimal places,

(i) show that 4 is approximately 24 800

4)
(b) With reference to the model, interpret
(1) the value of the constant 4,
(i1) the value of the constant p.
(2)
Using the model,
(c) find the year during which the value of the car first exceeds £100000
4)
N ¢
a) ) \/ = A !o
i) .
‘ 32000 = Ap (0
v \—
50000 = Ap 2
- T
@ =0 Soovo _ Ap
32080 4
™Fr
!l
25 - p
{
16
A
/ 25 \7
P () =loese ke ¢d.p

it Sdla Ar P Y @

4
32006 = A x l.otsg

34
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Question 12 continued

R = 247449 4

A = 24%o0

A ;S éll& va./ue. on If‘.’ —Sa.uuuf_l 200 |

J

.

p s Ehe Mul‘él"p,'.{f ot €Ele yelve eacl, year

\/ = 24 €00« l.oésg

"

lovoso < 24 %00 x |.065 8

/-

[0o00en Z ). 0CsE

2 4 800

\

ln [ 106060 | € ln1.0658

\24?00

ln/llooooo ‘\ < é

\24 206/

iv\ l.065%

21, €8 < ¢

é‘. =Z( '——’> ’ j&.v\ 2022.

fx(,e,uU -Zlooooa dur;nq 20272
=

J
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13. Show that

j:Zx\/x +2dx = %(2 + JE)

(7)
2
( 2;¢4/:>L+2 Ax et U= oc+2
0 do - )
ot
+ . Auv = o
= Z(U—Z) U* Av
J =22 =5 L=4g
2 X=0 = U=2
,.d'f/' 3/ '/z\
= ( (20 —4vu*]d
| 7 X = U -2
‘2.
S/> 3/2 ‘*14
— 2 U -4 v
.z %z 1z
[- S/~ 3/-. “
= |2y —8uU
/S 2 2.
/ \ ’
= [ 4,32 —8,¢8| —( 4,4/ -8,2/2
S 3 g 3 /
\ / /
G4 + 322
I s K
— ﬁ/z + /7
s |

3
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14. A curve C has parametric equations

x=3+2sint, y=4+2c0s2t, 0<t<2n ::g::

ngij

(a) Show that all points on C satisfy y = 6 — (x — 3)? ij_)l.jj
(2) s

=

(b) (1) Sketch the curve C. E‘
=z

(i) Explain briefly why C does not include all points of y = 6 — (x — 3)’, xeR E'
3) @

],’g]

The line with equation x + y = k, where £ is a constant, intersects C at two distinct points. 2

(c) State the range of values of &, writing your answer in set notation.

) 3*%55*
°~> > = 3+ 2sint W =4 +2ces2é
/ )
X _3 = 2sinE o -4 =) Cog 2€
¥ -3 _ smt L\-4=Z—4,$inzé
“u-4 =2—4/>c—-3\ e
? (= 2
e
y =6 —(x-3) :
b)) ‘ (3,0)
/ \ i;) Ohlg A&L(‘ngl —(;f
A (;"2) '{5‘3‘) l 2 3 &
2 £y £6
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Question 14 continued

= C> w=6- (x-3) ()
=

£ 4+ q9= K

E

E y= k-2 @)
=

o Sub Lor 1 m O

a W-n = 6—(x-3)"

Kox = 6 —(x* -6 +a)

ox = 6 — %" +6x -4
' X —bx +4 -4 K-x = O

2

X - I +3+k =6

For 2 Aisbinct ros €S 52 ~dac 7O

44 — 4x1x(3+k) Yo
49 ~ (2 —4k >0

37 >4k

37 k<

o
_— P4

4

K< 37
4

AJSo X+ 9 77 oCheruise o +9 -k
J
N Will be below poink ( 552) and
;—\é-l-fs“" corve A,P o—\csl.—cnu_

{k'- 7ok ¢ 377

4 )

J
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