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1. Find

x x x

1

2 2 5

3

( )!" d

 writing each term in simplest form.
(4)
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Question 1 continued
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(Total for Question 1 is 4 marks)
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2.  In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

f(x) = 4x3 + 5x2 – 10x + 4a x ��\

 where a is a positive constant.

 Given  (x – a)  is a factor of  f(x),

 (a) show that

a(4a2 + 5a – 6) = 0
(2)

 (b) Hence

  (i) find the value of a

  (ii) use algebra to find the exact solutions of the equation

f(x) = 3
(4)
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Question 2 continued
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(Total for Question 2 is 6 marks)
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3. Relative to a fixed origin O

• the point A has position vector  5i + 3j + 2k

• the point B has position vector  2i + 4j + ak

 where a is a positive integer.

 (a) Show that  ¨OA
ĺ�

¨ = 38
(1)

 (b) Find the smallest value of a for which

¨OB
ĺ�

¨ � ¨OA
ĺ�

¨
(2)
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since a is an integer
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Question 3 continued
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(Total for Question 3 is 3 marks)
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4.  In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

 The curve C has equation  y = f(x)  where  x ��\

 Given that

• I ƍ�x) = 2x + 
1

2
cos x

• the curve has a stationary point with x coordinate Į

• Į�is small

 (a) use the small angle approximation for cos x to estimate the value of Į�to 
3 decimal places.

(3)

 The point P(0, 3) lies on C

 (b) Find the equation of the tangent to the curve at P, giving your answer in the 
form  y = mx + c, where m and c are constants to be found.

(2)
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lat Atthestationarypoint x a f 1 7 0
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Question 4 continued
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5. A continuous curve has equation  y = f(x).

 The table shows corresponding values of x and y for this curve, where a and b 
are constants.

x 3 3.2 3.4 3.6 3.8 4

y a 16.8 b 20.2 18.7 13.5

 The trapezium rule is used, with all the y values in the table, to find an approximate area 
under the curve between  x = 3  and  x = 4

 Given that this area is 17.59

 (a) show that  a + 2b = 51
(3)

 Given also that the sum of all the y values in the table is 97.2

 (b) find the value of a and the value of b
(3)
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lat From the formulabooklet
A th yotyn 21gty ty yn e trapezium rule

Substitute

at 59 211041 913.5 2116.8 b no 2 18.71 Mt
77.59 at 13.5 2155.7 2b
915.9 124.9 at 2b
51 a 2b henceshown Al

lb Ey values 97.2 7 97.2 atb t 16.8 20.2 18.7 13,5 My
97.2 Atb 69.2
28 Atb

SolveSimultaneously
a 28 b
515208b 2b
51 28 b 6 23
a 28 23451
a 5 6 23 Alan
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Question 5 continued
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6.  a = log2 x b = log2(x + 8)

 Express in terms of a and/or b

 (a) log2 x
(1)

 (b) log2(x
2 + 8x)

(2)

 (c) log2 8
64!"

#$
%
&'x

  Give your answer in simplest form.
(3)
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lat log Fx logXt
log x

49Ruleused
logx alogx

Ia Bl

bl 1092x't8x log
yexteffactorize

Itwouldbeaneasy log2 109,481My logabl logatlogb
mistaketorewritethisas atb Al
10924109,8x

1109218 671 109,1 1448
10928g 10921 8 logabl logatlogb
109,84toga log x18 logabl logatlogb again

M1 3 logtzxtlogzext8 logx alogx
3 at b Al
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Question 6 continued
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(Total for Question 6 is 6 marks)
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7. The function f is defined by

f(x) = 3 + x � 2 x ��\     x � 2

 (a) State the range of f
(1)

 (b) Find f –1

(3)

 The function g is defined by

g(x) = 
15

3x �
x ��\     x � 3

 (c) Find gf(6)
(2)

 (d) Find the exact value of the constant a for which

f(a2 + 2) = g(a)
(2)
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Question 7 continued
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om

www.mymathscloud.com



*P72804A01744* Turn over      

17

����������

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 D
O

 N
O

T W
RITE IN

 TH
IS A

REA
  

 
 

 
 D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

  
 

 
 

 D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

Question 7 continued
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8.  FRONT OF STAGE
Diagram NOT 
accurately drawn

A O G

27.6 m

2.3 rad

D

E
FB

C

15 m

BACK OF STAGE

Figure 1

 Figure 1 shows the plan view of a stage.

 The plan view shows two congruent triangles ABO and GFO joined to a sector OCDEO 
of a circle, centre O, where

• angle  COE = 2.3 radians

• arc length  CDE = 27.6 m

• AOG is a straight line of length 15 m

 (a) Show that  OC = 12 m.
(2)

 (b) Show that the size of angle AOB is 0.421 radians correct to 3 decimal places.
(2)

 Given that the total length of the front of the stage, BCDEF, is 35 m,

 (c) find the total area of the stage, giving your answer to the nearest square metre.
(6)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 10 marks)
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9. The first three terms of a geometric sequence are

3k + 4         12 – 3k         k + 16

 where k is a constant.

 (a) Show that k satisfies the equation

3k2 – 62k + 40 = 0
(2)

 Given that the sequence converges,

 (b) (i) find the value of k, giving a reason for your answer,

  (ii) find the value of S�
 (5)
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Question 9 continued
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10. A circle C has equation

x2 + y2 + 6kx – 2ky + 7 = 0

 where k is a constant.

 (a) Find in terms of k,

  (i) the coordinates of the centre of C

  (ii) the radius of C
(3)

 The line with equation  y = 2x – 1  intersects C at 2 distinct points.

 (b) Find the range of possible values of k.
(6)
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Question 10 continued
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Question 10 continued
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Question 10 continued
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(Total for Question 10 is 9 marks)
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11.  

O

log10 V

(0, 3) (10, 2.79)

t
Figure 2

 The value, V pounds, of a mobile phone, t months after it was bought, is modelled by

V = abt

 where a and b are constants.

 Figure 2 shows the linear relationship between log10 V and t.

 The line passes through the points (0, 3) and (10, 2.79) as shown.

 Using these points,

 (a) find the initial value of the phone,
(2)

 (b) find a complete equation for V in terms of t, giving the exact value of a and giving 
the value of b to 3 significant figures.

(3)

 Exactly 2 years after it was bought, the value of the phone was £320

 (c) Use this information to evaluate the reliability of the model.
(2)
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Question 11 continued
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Question 11 continued
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 11 is 7 marks)
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12.  y = sin x

 where x is measured in radians.

 Use differentiation from first principles to show that

d
d
y
x

 = cos x

 You may

• use without proof the formula for  sin(A ± B)

• assume that as  h o 0,  sin h
h

 o 1  and  cosh
h
� 1  o 0

(5)
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Question 12 continued
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(Total for Question 12 is 5 marks)
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13. On a roller coaster ride, passengers travel in carriages around a track.

 On the ride, carriages complete multiple circuits of the track such that

• the maximum vertical height of a carriage above the ground is 60 m

• a carriage starts a circuit at a vertical height of 2 m above the ground

• the ground is horizontal

 The vertical height, H m, of a carriage above the ground, t seconds after the carriage 
starts the first circuit, is modelled by the equation

H = a – b(t – 20)2

 where a and b are positive constants.

 (a) Find a complete equation for the model.
(3)

 (b) Use the model to determine the height of the carriage above the ground when  t = 40
(1)

 In an alternative model, the vertical height, H m, of a carriage above the ground, 
t seconds after the carriage starts the first circuit, is given by

H = 29 cos(9t + Į)q + ȕ  0 - Į � 360q

 where Į�and ȕ�are constants.

 (c) Find a complete equation for the alternative model.
(2)

 Given that the carriage moves continuously for 2 minutes,

 (d) give a reason why the alternative model would be more appropriate.
(1)
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Question 13 continued
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Question 13 continued
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Question 13 continued
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(Total for Question 13 is 7 marks)
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14. Prove, using algebra, that

(n + 1)3 – n3

 is odd for all  n ��`
(4)
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Question 14 continued
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(Total for Question 14 is 4 marks)
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15. A curve has equation  y = f(x), where

f(x) = 
7

23

x x

x

e

e �
x � ln 23

 (a) Show that

I ƍ�x) = 
7 2

2

3

3
3

2

e e

2(e

x x

x

x Ax B( ( ) )

)

! " "

!

  where A and B are constants to be found.
(5)

 (b) Hence show that the x coordinates of the turning points of the curve are solutions of 
the equation

x
x

x! "
#

2 4

4

3

3

e

e

(2)

 The equation x
x

x! "
#

2 4

4

3

3

e

e
 has two positive roots Į and ȕ where  ȕ � Į

 A student uses the iteration formula

xn
x

x

n

n! " #
!1

3

3

2 4

4

e

e

 in an attempt to find approximations for Į and ȕ

 Diagram 1 shows a plot of part of the curve with equation y
x

x! "
#

2 4

4

3

3

e

e
 and part of the 

line with equation  y = x

 Using Diagram 1 on page 42

 (c) draw a staircase diagram to show that the iteration formula starting with  x1 = 1  can 
be used to find an approximation for ȕ

(1)

 Use the iteration formula with  x1 = 1, to find, to 3 decimal places,

 (d) (i) the value of  x2

  (ii) the value of  ȕ
(3)

 Using a suitable interval and a suitable function that should be stated

 (e) show that  Į = 0.432  to 3 decimal places.
(2)

f 1 1 0
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Question 15 continued
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lat We are asked to differentiate
fix Axe
yes 2

Weseeit's a division weneedQuotient rule and the numeratoris a
multiplication we needProductrule

QuotientRule Eff Vu ur
v2

ProductRule da avi Uv'tVu

FirstQuotientRule
u the u ProduitRule a tx b 7

b ex a ex

y

te
chainrulemultiplyby
thederivativeofthe
bracket

i flxi ltxeteiirdzHY.se e 25 am

V

texfix 7 e3 2 I Exe e 25 factorout te
e3 2

texlestzitfixtnie z Exe factorout ex25
e3 2

testes e tale i'todenominator

263 2

d me X9xxb ya
Tex zxe3x2 03 2 303 expandnumerator

texlygi.tt e 4 3xe expandnumerator
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Question 15 continued

Only use the copy of Diagram 1 if you need to redraw your answer to part (c).

Į ȕ x

y

1O
 Į ȕ x

y

1O

 Diagram 1 copy of Diagram 1
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let

thislastarrow
gastoreachtheroot

1 upverticallyuntilyoureachthecurve

lathenhorizontally
untilx yandthenagainvertically

Bl

IblTheturningpoints our when flixto

text I o

e 2 x 414 0 MI
Le xe 4 4 0

xp 4 203 4
x63 47 2324

x Ze 4A
e x

as required

id i substitute i
x Ze 4

e 4

1.5077756 1.502 toAsf Al
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Question 15 continued
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let We will use the function gixt 203 4
e3 4

X and wewillsubstitute
0.4315and O4325 MI

Why wewantvaluesslightlyabove 8.431 0.432 0.433
and slightlybelow0.432

0.4315 0.4325

g10.43151 0.00029T

g10.4325 oooo at
sinethereis a changeofsignin thisintervalofthe
iontinuousfunction f'txt we ran onnude that
2 0.432 Al
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Question 15 continued
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(Total for Question 15 is 13 marks)

TOTAL FOR PAPER IS 100 MARKS
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