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1. The point P(—2,—5) lies on the curve with equation y =f(x), xe R

Find the point to which P is mapped, when the curve with equation y = f(x)
is transformed to the curve with equation

(@) y=1f(x)+2

(1)
(b) y =[f()]

(1)
(c)y=3f(x—-2)+2

(2)

0) y:+2

(-2,-5) btcomes (-2 ~5+2) =(~2-3)
b) Any neqodive y's become positive

(-2, 5) becomes (-2 5)
¢)ox: +2

Yy X3 12 (ordtr modters)

(-2, 5) becomes (-2+2 3 5)4))

= (0 - 13)
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f(x) = (x — 4)(x> — 3x + k) — 42 where k is a constant

Given that (x +2) is a factor of f(x), find the value of £.

(x12) is o foctor meons that f¢-2)=0

£¢-2) = ca-4)[(-2)¥- 3¢2)+k]-42

=-Ql4+c+4R)- 42
- QIO+ K) — 42
ST Q0" Qk- 4L

[})

= -Gk=-l02
f(-2) =0
= - @k-102:=0
-¢k = 102
S K-17

4
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3. A circle has equation
x*+y*—10x + 16y =80
(a) Find
(i) the coordinates of the centre of the circle,

(i1) the radius of the circle.

3)
Given that P is the point on the circle that is furthest away from the origin O,

(b) find the exact length OP

0\)':) Complete the Squovre
= SRILEIEATE RN TIER 1
(x-5)*-254(y+8)2- 64 =80
(x-5)*tLlyt3)*=ley
(5, 8)
n)r=Jiegq =13

(2)

Look Ot yellow
b) £ riang| t.:‘i

/0

op

-’
+

V8q +13
>

6
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6.3

. § : 2 :
4. (a) Express Eshmo —Ox as an integral.
X —> x
x=2.1

1
(b) Hence show that
6.3
lim E zﬁx =Ink
x—0 X
x=2.1
where k is a constant to be found.
(2)
Q) ¢.3
! 2 doc¢
2.

b) [zmx}:J
-l
= 2ING. 3-21n2.)

2(IN<d. 3- IN2. |
vse (N It INa-Inb ‘lr\_&.

-‘-zm(;_.a)
A
zalns

= In3*?
>Ing
1K= 9
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5. The height, 4 metres, of a tree, ¢ years after being planted, is modelled by the equation
B=at+b 0<t<25
where a and b are constants.

Given that

» the height of the tree was 2.60m, exactly 2 years after being planted
* the height of the tree was 5.10m, exactly 10 years after being planted

(a) find a complete equation for the model, giving the values of a and b to 3 significant figures.
4)
Given that the height of the tree was 7m, exactly 20 years after being planted

(b) evaluate the model, giving reasons for your answer.

(2

So\ve .simummewstq (gsm bgltq\:’r*\o:hm
rS 1 ID

CliminQdion: SVbstit 0
2ath: ¢. 76 ®® b:g.76 éq

lOQt b = 24.0\ 25\;5 s Y . )
- z - C.O0 =100 1t(6.T"20,
B '9.25 26.01 = 8ot ¢. ?°¢
Q: 2, 40625 To: 19.25
Sub Int0 Cther equn.| Q= 2.40G2S

10 qet b

Sb =_G.7s- 2(2.406) | b= Q. 7Te-2(2. +06)
1. 94 ¢ 1.948

R 00 I armm
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Question 5 continued
b)t=20 h=7

(et's vuse the Mode| to check ths

h? 2ottb D h*=2.41t +1.9¢

Whn t=20"

ho= 2. 41(20)+ 1. 94

h*:= S50. |+

W= 7-08( Which IS Vtv'-\ Close 10 TM

J.othe pnodel s Volid

(Total for Question 5 is 6 marks)
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(2, 8)

=V

Figure 1

Figure 1 shows a sketch of a curve C with equation y = f(x) where f(x) is a cubic
expression in x.

The curve
* passes through the origin
* has a maximum turning point at (2, 8)

* has a minimum turning point at (6, 0)
(a) Write down the set of values of x for which

f'(x) <0

(1)
The line with equation y =k, where k is a constant, intersects C at only one point.
(b) Find the set of values of £, giving your answer in set notation.

(2)
(c) Find the equation of C. You may leave your answer in factorised form.

3)

WIThis Wonts Where the qrad wuntlSlope
1S Neqotive , hepce \Wheve " f(x) 13
decreasing (qraph s Qoing  doknkar)s)

2< X <gQ

b) Ne Neca Where the verhicol (ine
only <rosses tht qVoph ONR

{ik: R<o,k>8}

R 00 I armm
P 6 96 01 A0 1 2 4 8



Question 6 continued
<) roats ore ot X:=0,X=Q
Y= (3x-0) (- oD \,
2 Since iht

Curve bounces
bock (docsn‘t

Shoot throyeh
the !roo-l 1.

4= ax(x-g)* repeadt "N\

We Nted to -f\m\ the Vmug 0f o
Plug in the point 2%

g=2q(2-¢)*
€ =29 (1Q)
€=3a2q

Q=L
ﬁ-

y=Lox(x- c)*
1—

(Total for Question 6 is 6 marks)
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7. (1) Given that p and g are integers such that
pq is even

use algebra to prove by contradiction that at least one of p or ¢ is even.

3)
(i1) Given that x and y are integers such that
c x<0
o (xt+y)y < 9x?+y?

show that y > 4x
(2)

i) .
Assume £ Ot l1f0st ONe O€ p Or ¢
'S Qven then pg s 044

P fvan: p=aK Where K ana M
Q 943 q:2mt) Are nf\'tt\t\rs

= k) (2mt) = Akmntak
P1 T 2(2kMtK)
S iplt OfF 2 . RjvRn

This _comradicts the qssumption Hhod
Pqg s Oda

NCNnce i€ Od (® one 6E por ¢ s €
fhen pq is Rvem S

i (et y) * < gty
Xr42xy+ gt <9ty q*

q\'vm X<0

b
R 00 0 O armm
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Question 7 continued

So (4)(-)(?) >0

/4

MUSY bt <0 1IN order 40 howe >0

(Total for Question 7 is 5 marks)

.
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Figure 2
A car stops at two sets of traffic lights.

Figure 2 shows a graph of the speed of the car, vms™, as it travels between the two sets
of traffic lights.

The car takes 7 seconds to travel between the two sets of traffic lights.

The speed of the car is modelled by the equation
v=(10—-0.4¢)In(z+ 1) 0<t<T
where ¢ seconds is the time after the car leaves the first set of traffic lights.

According to the model,
(a) find the value of T

(1)
(b) show that the maximum speed of the car occurs when
26
t=————1
1+ In(z+1)
“4)
Using the iteration formula
" 14+ 1In +1)
with 7 =7
(c) (i) find the value of 7, to 3 decimal places,
(i1) find, by repeated iteration, the time taken for the car to reach maximum speed.
3)

R 00 I armm
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Question 8 continued

V= ((o-o.ﬁ)ln(-tﬂ)
0) Set V=0 (When reoch 2™ St OF [ights)
CI0-o0.4t) IN(tt1) =0

S—Ne N
-0 4t =0 INnl+41) =0

0.4t =10 A &

t= t4e =1
0.4+ tz0 (Hhis 15 When at \#
= 2§ Set Of lights)

T=ts525 Secs
b) Mox sSpeed When Qv =0

dt . .
Use pProduct rule +o du€cerentiaie

dv = - 0. 4INnttt) "'UO"O.‘H)( _|_)
ot 31

=) -0.4Intth) + .I_Q_‘Ltt' o.%t = o
Me+hod |: H
X bq +4

=) =0 40t1) INLtt) 110- 0.4t =0
eXpPond

==0. %+ -0i4)intta)t10-0.4¢ =0
Wpang

S-0.44 \0nCtH)-0.4(NLLtH) *10-0.4¢ =0

17
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Question 8 continued

0.4t InCt+1) +0. 46 > (0= 0.4 (Nt +()

0.4t [Nt t1L T =0~ 0. 4INCe+()
=t - lo-o.ﬂn(f;tf)
O.4lin (t+1) +\
t =J_n_m4.Lsu.+_u_-
% O.4IN(t11)1 Q.4

Divide Qi terns by 0.4

24t ° %5- 1IN (+44)
+ IN(t +1)
+ = _26¢ - (t+
L+ 16t ) H”\Ltﬂs

t=_26 ____  ~ 1 os trequir
L+In(th ) uirea

Method 2° ,
Get o Common denoMinogor

=)-0.4¢tt))Inttt)) t10-0.4+ >0

tt
= =04 t4) INLEt) +10-0.4% =0
eXPond

SE o *t=o.4)intta)tl0- 0.4t =0
Wpang

S-0.44 10 (t+)-0.4(Nlt+) +10-0. 4% =0

R 00 0 00 armm
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Question 8 continued

= C. 44 INCt+) +0.4% =10-0. 4(n(tt)
St (o.41nCtt) 1 0.4) =10-0. 4IN(t+)

t =J_Q_Q_.J_L?_L;t_t_\l-
% Q.4INLt41)4 Q.4

+:\0 - 3. INLr+1) X (0

3 lhc{-'ll)'l' L3 X 10
10 [

< = oo~ ﬂP(i 1)
Yint4) t 4

Now wuse \ony divisioNn 4o gt ths
N fthe Feguired form

+INCth)t + J-_*Hl\ct 1:’-!-!00

I\l

t=-1+ 10 __ ¢
+NER)+E = ¢

1t -1+ 26
HICIHET

s 26 -
+t CYOYEY | Qs requirey

R 00 0 00 armm
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Question 8 continued

Note: This Wes o bit hord %0
re-or rom\z N ordtr +g v\}:
4he result.) You <uld A
mso Nork«\ bnc\cwo«'d\S
from *h‘bu UNS Wer 0 C(p

Gu.at
C =___2C - |
) Tan ID(4ntt)
‘t\-“ T

1) input 7 indo e Calculodor
press eniev-

€2 - 26 el
INCons +1) 1

Press Uiy

42 = 7. 443089
Press Ui ogqauN for ts3
t3=7.298
i1) KeRp pressing  nter..
t=7.33 Secopds

(Total for Question 8 is 8 marks)
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Figure 3

Figure 3 shows a sketch of a parallelogram PORS.
Given that
%
« PO=2i+3j—-4k
ﬁ
* QOR=5i—-2k

(a) show that parallelogram PORS is a rhombus.
(2)

(b) Find the exact area of the rhombus PORS.
“4)

0) We Ore to1d this is o Pmr(hl\tlb?rqm,
Only Necd 4o ShoW 2  COPSECUHIVE
S1dts  Qre  CONRgruint

lFR \ = V22137t (-HT =V 41q4 e SATET
(QRI=VE 1 (2)" = V35 + & = Vg
1PR) :1QR1 = V3 . hombus
b) Tg\s area, of  Fhombus is
b)
We Nted the lengths ofF Qs ¥ PR
A TEXY-EN X -F&*@"(g)af (g)(.;)
V.53 -3/ -2/ 3
A 0 00 O -




Question 9 continued
—) ——
1Qs|:= V324 3)%122 =Vqeqiq =V22

PR PRARe (394 (£) (1)

PR\ V721 34 [-€)* =V 494 91 36 =Vi%

Arcao = V23X V3¢ = ydoex * .néi:'z =VSI7
2 DY

uniis *

Note. We <ould hawe 3plid 4 Fhombus
I ‘\rmn lts Q USed
CoSine ryle

Q
VAN
R
P
N\
S

(VI¥)2 = (V39) * 1 (V2a)? -2(V3q) (Vam) case
Q4 =20+ 29 - 58 oS

AT -%g' Sire:: opp.-\/&_s
Build ‘mw\qlt 10

£ind SiNer Since 3¢
Wont Xocdk ansWeyr-

21
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P 6 9 6 01 A0 2 1 4 8



Question 9 continued

W'-i. V29 V24 Sin

=1 V23 /29 (@)
2 58

= | VIoes
a

Total Oreo = 2[.:_. V3Qes ]

= 1y2oe8
o

=L Q) VSI17
2

2 VS1T units®

22
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10. A scientist is studying the number of bees and the number of wasps on an island.
The number of bees, measured in thousands, N, , is modelled by the equation
N, =45+ 220"
where ¢ is the number of years from the start of the study.
According to the model,

(a) find the number of bees at the start of the study,
1)

(b) show that, exactly 10 years after the start of the study, the number of bees was
increasing at a rate of approximately 18 thousand per year.

3)
The number of wasps, measured in thousands, N , is modelled by the equation

N, =10+ 800¢ *

w

where ¢ is the number of years from the start of the study.
When ¢ = T, according to the models, there are an equal number of bees and wasps.

(c) Find the value of 7 to 2 decimal places.
4)

Ne= 45 +2200°°°%¢
o) let t:=o
Ne: 45 t220¢°
454220 =265
* 2G5, 000 btes
b) Fode A ifferentiote

AN = 0+220(0.05) ©° %%
M
=1 e %

When t210; dN © 18. L4 = [3,000)/ycar
dt

R 00 TR O armm
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Question 10 continued

C)Nw= \o+ 800 §'°'°“

45 +220%° °%¢ = 1o+t 800X
0.05¢

220 -gooe ° %t 4 35:0

2202 %95 -_®n0 _ +35:=0
QO.QS*

0.0S5%

le+ y = R
220y - 800 + 35=0
l1
loo\“-c- 35y ~800:0
Use quadrotic formyla
W=1.829 or y=-1.98%
= e°°"t:=1.g29 or R°°%:-) 9gg
I|\€°'°“=lnl.?§<{
0.05+¢=|NI. 829 No  Solodon

t s
Q. 058
©12.0%3 years

25
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11.

Figure 4
Figure 4 shows a sketch of part of the curve C, with equation
y=2x+10 x>0
and part of the curve C, with equation

y=42x—15x*-7 x>0

(a) Verify that the curves intersect at x = 5

(2)
The curves intersect again at the point P

(b) Using algebra and showing all stages of working, find the exact x coordinate of P

S
When oS¢ :':'.L: l'=2<3L)3'HD“3q_.L for ¢,
nn <o 4 ()15 ()77

<for Ca

b) intersection pointis = Solve
Simu i+ mntovslti

R 00 0 0 TR armm
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Question 11 continued
2x 3 4+l0 2R -I153*-7

2> ?® tI15x*-42x t1017:0

A>Xx 3 t15x* " 42x¢|7:=0

We KNoWw L 1S o Solvafon already

=Y
Su |et's  Jdivide 5\1 L>¢c-0.5)
LAxrtlex - 34
X -0. 5_J_2x3+l5'.x"“‘\-lx+l7
-_223 - OS¢
loeax2 - A x
- '53" -¥TXx
- Z4xtl17
~ = 34X+17
0
(o - 0.5)(2x*t1go - 31-) o)
W ) __
=L v
s - K /E=IRE
W
R P P I | R T 1 L
202
- +¢§§%
’—
=-(c+lc\[33
+

29
O —
aCmm VAT Furn over
P 6 96 01 A0 2 9 4 8



Question 11 continued

We can ste from ik qraph thet < is
Positive

Fx:V33-¢

MR 00 I armm
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12. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

Show that

e2

j xX*Inxdx = ae® +b
1

where a and b are rational constants to be found.

Use inteqrotion by Poris
Jt’. X3 InNxdx
)
Usinx Qv =x3
dx
du =1 V="
dx ¥

Formulg . UV -J‘ vgu doc
X

(X (-%") -jaf(i) dc

=1l X *InX “.LJ‘JL’ dOc
X 4

P 6 96 01 A 0 3 2 4 8
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Question 12 continued

Put the lim{is in

[_L XTIN>x - L x*]“
4 \e \

(_L (ed)*ine* - (e")*) - (_le -)
X 16 x T

=) e¥l2)-L ¥+ )
4 e I6
=1 RY - LRF Lt |

2 16 18

L
e

Iz

(Total for Question 12 is 5 marks)

33
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13. (1) In an arithmetic series, the first term is a and the common difference is d.

Show that

S = g [2a + (n - 1)d]

3)
(i1) James saves money over a number of weeks to buy a printer that costs £64
He saves £10 in week 1, £9.20 in week 2, £8.40 in week 3 and so on, so that the
weekly amounts he saves form an arithmetic sequence.
Given that James takes n weeks to save exactly £64
(a) show that
n*—26n+160=0
(2)
(b) Solve the equation
n*—26n+160=0
(1)

(c) Hence state the number of weeks James takes to save enough money to buy the
printer, giving a brief reason for your answer.

(1)

1)

Sp= Uyt VatUs+...% Oa-1 1 Un

* Ot (td) t(Ot2g) t... + (Ot (N )d;
' tlont(n-)d)O
Write this backlards

Sn c(Qr(n-Dd1+ (otn-2)4] +... ¢ (oazg
t(atd)+ Q

Add © +@

25n = (20tn-Nd Tt C2at N1+ ...
+ (204 n-N3]Jt C20+ (DN-1) 3]

25n =020+ (h")) 63]
Sn: % 20+ (N-1)4d]

34
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Question 13 continued

)

I
Q) lo, 1.20,8.40, ..
This \s Qrithmeh < With

o.=(0
d =-0.80
Sn = Gt

n [Jclo)’r(h-l)('o. 80)] 2 64
2
%(20"0-8n+ 0.%) = G4

Nl20-0.¥Nn10.¢%) 128
20N-0.-8N*+0.8N = (28
0.8N* —20.8Nn+|28:=0
< 0.8
N*=—2CN+ 160 =0
(nN-tal)ln-1¢) =0
n=Lo,N=lg
Q) T€ N=10: (o > lot q(-0.8) 2.8
L€ N216. Vie= (01 [5(-0.8) = -2

\no+

: Possibk)
. .TOOK (0 Weeks tTO Saws mouqh

AL 0 0 0 0 R O R —
(. Turn over
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14. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Given that

2sin(x — 60°) = cos(x —30°)

show that
tanx = 3+/3
C))
(b) Hence or otherwise solve, for 0 < 8 < 180°
2sin26 = cos (26 + 30°)
giving your answers to one decimal place.
C))

G) 25INC¢ - &0) > Cos (X ~ 30)
2 LSiN > €030~ CoSXSINGQ) = CoSX 0530
+3SiINXSIN30

2 (sinx (+) - cosx(g)): <esac(B)rsinx(4)
SiNXx - V3 cosae =3 tns.x-liL SiNx.
p .

2SINX -2V3 <0sS3c VI cosdet SiN X

SiNoc = 3V3 <osx.

3inx = 3V3
CoS Xx.

+tonx = 3VY3
b) Oc- Go — 2® S0 X 2208460
ton (284<0) = 3V3, 0 6 <180

Note: Coula haw
AiSo USedA $ht
foct 4hod

SiNGgy > CoS30

R 00 00 armm
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Question 14 continued

ton" (3V3)=T9.(°
{79.1°

n.e

02208160 < 420
A6+ ¢ 0O *=719.1,259.)
® =7T9.]-¢60 , 259.1 ~ 60
2

G =4q.55° 49.¢°

39
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15.

Q) Volume = (oo of Cross Sectio)xdtp

Figure 5

A company makes toys for children.
Figure 5 shows the design for a solid toy that looks like a piece of cheese.
The toy is modelled so that

» face ABC is a sector of a circle with radius »cm and centre 4

* angle BAC = 0.8radians

» faces ABC and DEF are congruent

* edges AD, CF and BE are perpendicular to faces ABC and DEF
* edges AD, CF and BE have length #cm

Given that the volume of the toy is 240 cm?

(a) show that the surface area of the toy, Scm?, is given by

1680

r

S=0.8r+

making your method clear.

C))
Using algebraic differentiation,

(b) find the value of  for which S has a stationary point.
“4)

(c) Prove, by further differentiation, that this value of » gives the minimum surface area
of the toy.

= lLFr*e.?)h
oY
='G. 4r>h
Q.4r*h = 240 @

P 6 9 6 01 A 0 4 2 4 8
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SUrface area:ss(Lr (0.0t h+
= 0.8'42'hr+0.8rh
20.8r*+2.83rh @
e ot s Sindy YR
0.4r*h:= 21>

sub +his irdo @
S=0.8r*42.%2r (m
F

S =0.8r*+lgge
r
b)ds = I.¢g - 1gBor~*
gr-

St oti Qnour'o) When %E_ =Q

l.er-]1e80r-*=0Q

43
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Question 15 continued

l.er - |g8Q:0
@k B

l.er3*-|gg0°=0O

rs =laRQ
(.€
3 =080

: Vioso =10.1& <M
<) d*S (.6 t 33¢of"3
Qdr?2

=]l.g + 334090
r3

When FC =I10.1¢

d!sS =[l.gt 33
Ar? (0.16°

4 803
>0 ..miN

VAL T O 0 O O —_
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16.

VA
C
R
o 4
Figure 6

Figure 6 shows a sketch of the curve C with parametric equations

The region R, shown shaded in Figure 6, is bounded by C, the x-axis and the line with

equation x =4

x = 8sin’¢ y=2sin2¢+ 3sint 0<r<

(a) Show that the area of R is given by

J (8 — 8cos 4z + 48sin® fcost)ds
0

where a is a constant to be found.

(b) Hence, using algebraic integration, find the exact area of R.

Q)fl“ﬁ\'f

d+

\| x = g(sint)®

dx. = B(2) Sint Cost
At

clasintQos+

LIMmits: X=0: 831N+ >0

Sint+:=0
+= ?
R R R R AR

r
2

=V
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~ | Question 16 continued
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Question 16 continued

Sub O ona® bock in
j‘ (g«-( cbszj; )(g,gsg;t-n T+ 433iN*4CosL

o

d‘t

F(1s Ci-cos2i) (cosath) 4 186in‘+c.cs%
C eXpana th brockeds

FfH1C(Tosak 4 1~ Cas 2" (s 2¢)1435inY
S Q“-t

=J"5QG (1~ cos™24) t 48 sin>t cost)at

0

--J*%(l 6 - Las :)-H zssin‘kcost)}ﬁ

.:f}(l ¢ -BcoS 4t 3 + 488iN*{cost) o

o (Total for Question 16 is 9 marks)

TOTAL FOR PAPER IS 100 MARKS
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:jil( - 8C0S4t+ +48Sin*tcasSt) dt

G=1
4

b)j%}(g- 8C054t + 4B Cost(sint)>)at

i _ . ' 351

= [8-1-, _ta‘.;ua_-t-r 1-8.(.5.3!3:1‘_)_ J:

:(s‘_g-&sé:nn +*8(5m:|‘;')3)-0
3

:m-zz\k__q)-l-le(\’_i.)’

- 2T+ 16 (3F)

=20+ 4V




